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Novel Dimeric Metabolites from Alternaria tagetica
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Two novel polyketides, bis-7-O-8".8-O-7""- and bis-7-O-7".8-0O-8"-zinniol (2 and 3, respectively) were isolated
from the organic crude extract of culture filtrates from Alternaria tagetica. Both structures were
determined on the basis of their spectroscopic data (IR, MS, 'H NMR, 13C NMR, and 2D NMR experiments)
and confirmed by chemical synthesis. Zinniol (1) was isolated as a major component, and its 13C NMR
data was correctly assigned after careful analysis of data from its 2D NMR experiments (HMQC and

HMBC).

Among fungi, the Alternaria genus is known for the high
pathogenicity of some of its members, including A. mali,
A. kikuchiana, and A. solani, which infect apple, pear, and
potato plants, respectively.! It has long been recognized
that these and other phytopathogenic fungi produce phy-
totoxic metabolites that play a significant role during the
infection process; these phytotoxins have been classified
as host specific and non-host specific toxins (HSTs and non-
HSTs, respectively), depending on whether they are con-
sidered to be essential or not for pathogenicity.2 One of the
most important applications of phytotoxins, both HSTs and
non-HSTs, is their use as selection agents for the develop-
ment of disease-resistant plant lines.1—3

One Alternaria species that has not received much
attention for its production of phytotoxic metabolites is A.
tagetica, the causal agent of early blight in marigold
(Tagetes erecta), an important economic crop in Mexico for
the industrial production of xantophyll pigments that are
extracted from its flowers.* It has been reported that, under
favorable conditions, A. tagetica can severely infect mari-
gold plants causing losses of up to 100% in flower yields.*>
Previous studies carried out on A. tagetica reported zinniol,
a non-HST frequently isolated from Alternaria species,® as
one of the phytotoxic components present in the organic
crude extract.”

As part of a study directed toward the detection, isola-
tion, and identification of the phytotoxic metabolites pro-
duced by A. tagetica cultured in liquid medium, we report
herein the purification and identification of two novel
dimeric metabolites, bis-7-0-8".8-O-7"- and bis-7-O-7".8-
0-8"-zinniol (2 and 3, respectively) and the correct assign-
ment of the 23C NMR data for zinniol (1).

Results and Discussion

An initial solvent partitioning of the phytotoxic organic
crude extract (necrotic area: 0.3 mm?) from cultures of A.
tagetica yielded three crude fractions of increasing polarity.
Testing of the fractions in the leaf-spot assay® showed that
the low polarity (hexane) fraction possessed the strongest
phytotoxic activity (necrotic area: 0.41 mm?). A bioassay-
guided purification of the low polarity fraction® resulted
in the isolation of a single phytotoxic (necrotic area: 0.7
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mm?) metabolite identified as zinniol (1) by comparing its
spectroscopic data with those reported in the literature.10-12
A careful analysis of both 'H and 13C NMR data of 1,
together with those from DEPT, HMQC, and HMBC
experiments, allowed for the correct assignment of all
carbons and protons of zinniol (Table 1). The three oxo-
methylene groups in 1 were easily detected from DEPT and
HMQC analyses; a doublet at 6 4.52 showed a direct
correlation with the carbon at 65.3 ppm, while two singlets
at 0 4.68 and 4.76 were shown to be connected with carbons
at 64.7 and 56.8 ppm, respectively. In the HMBC of 1, the
long-range correlation (3J) observed between the aromatic
proton (6 6.68) and the carbons resonating at 124.7, 120.0,
and 64.7 ppm, together with the 3J interactions observed
between the methylene protons at ¢ 4.76 and the carbons
at 158.2, 138.9, and 124.7 ppm, allowed the unequivocal
assignment of the signal at 64.7 ppm to C-7 and that at
56.8 ppm to C-8. In view of these results, the remaining
oxygen-bearing carbon at 65.3 ppm must correspond to the
C-1' methylene. Similarly a 3J interaction between the C-7
oxomethylene protons (0 4.68) and the carbon at 124.7 ppm,
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Table 1. 13C and 'H NMR (CDCIl3) Data for Compounds 1—3aP

1 2 3
pOSitiOn LS(; éH 6(; 6H LSC 6H
1 138.9s 135.1s 140.1s
2 124.7 s 1258 s 120.7 s
3 158.2s 158.5s 158.4 s
4 120.0s 120.3s 1194 s
5 157.7 s 157.5s 158.2s
6 109.0d 6.68 br s 109.6 d 6.67 br s 109.0d 6.74 br s
7 647t 4.68s 716t 4.66s 63.6t 459s
8 56.8t 4.76s 56.8t 4.67s 64.1t 4.73s
9 61.9q 3.78s 61.8q 3.79s 61.7q 3.71s
10 9.2q 2.16s 9.2q 216s 9.2q 215s
1 65.3t 4.52br 65.4t 4.52br 65.3t 4.52br
d (6.5) d (6.6) d (6.6)
2' 119.9d 5.49 m 119.9d 5.48 m 119.9d 5.48 m
(6.5, 1.5) (6.6, 1.5) (6.6,1.5)
3 137.6s 137.5s 137.6s
4' 258q 18s 257q 1.79s 258q 1.78s
5' 182q 1.74s 182q9q 1.75s 182q9g 1.73s
1" 140.2 s 140.1s
2" 120.6 s 120.7 s
3" 158.5s 158.4 s
4" 119.4s 1194s
5" 158.3 s 158.2s
6" 108.9d 6.76 brs  109.0d 6.74 br s
7" 634t 461s 63.6t 459s
8" 639t 4.71s 64.1t 4.73s
9" 61.8q 3.7s 61.7q 3.71s
10" 9.2q 215s 9.2q 215s
1 65.4t 4.52br 65.3t 4.52br
d (6.6) d (6.6)
2" 119.9d 5.48 m 119.9d 5.48 m
(6.6, 1.5) (6.6,1.5)
3" 137.5s 137.6s
4" 2579 1.79s 258q 1.78s
5" 182q9q 1.75s 1829 1.73s

a Assignments were established by DEPT, HMQC, and HMBC
spectra. ? J values (in Hz) in parentheses.

together with a 2J interaction between the methyl group
protons at 2.16 ppm and the carbon at 120.0 ppm, allowed
for the correct assignment of the latter signal to C-4 and
that at 124.7 ppm to C-2. These assignments, particularly
that of the C-8 methylene in the 13C NMR spectrum, differ
from those previously reported for zinniol. The chemical
shift values for C-8 and C-1' were originally reported at
65.3 and 56.6 ppm,! an assignment that can now be
reversed on the basis of the results shown here. In a second
report on the isolation of zinniol, chemical shift values were
assigned by comparison with a model compound and shift
calculations.? In this report, C-8 is assigned to the signal
at 63.9 ppm; however, there was no signal reported with a
chemical shift of 56—57 ppm. Because the identity of zinniol
was reportedly confirmed by direct comparison with an
authentic sample, it is difficult to explain the significant
difference observed for the C-8 assignment and the absence
of the signal at 56—57 ppm in the work described by these
authors.

During the isolation of 1, a second, less polar and non-
phytotoxic, metabolite was obtained in pure form. Both the
IR and 'H NMR spectra of the new metabolite showed
significant similarities with those of 1, suggesting a related
structure. The 'H NMR of the new metabolite showed
signals having chemical shifts almost identical to those of
1; however, while individual signals for the protons in the
dimethylallyloxy chain were observed [0 5.48 (H-2'), 4.52
(H-1", 1.79 (Me-C-3') and 1.75 (Me-C-3")], the rest of them
appeared duplicated (Table 1). The spectrum showed the
presence of two aromatic protons at 6 6.67 and 6.76, two
methoxy groups at 6 3.79 and 3.70, and two methyl groups
at 0 2.16 and 2.15, in addition to four singlets at ¢ 4.71,
4.67, 4.66, and 4.61 corresponding to the same number of
oxygen-bearing methylene groups. The presence of two
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Figure 1. Selected HMBC correlations (H—C) observed for 2.

aromatic rings in the structure of the new metabolite was
confirmed by the 12 sp? carbon signals (10 quaternary and
two tertiary) observed in the aromatic region of its 13C
NMR spectrum. These data, together with the molecular
ion peak at m/z 496 (C3oH400¢) observed in the EIMS of
the new metabolite and the absence of hydroxyl group
bands in its IR spectrum, suggested a dimeric structure in
which two zinniol units are connected via ether linkages.
A detailed analysis of the HMQC and HMBC experiments
performed on the new metabolite allowed for the assigment
of all the signals observed in the *H and 3C NMR spectra
and permitted the establishment of the linkage positions
between the two units of zinniol. HMQC data showed that
the methylene protons at 6 4.61, 4.66, 4.67, and 4.71
correlated with carbons at 6 63.4, 71.6, 56.8, and 63.9,
respectively. Similarly, the aromatic protons at ¢ 6.67 and
6.76 were shown to be bonded to their corresponding sp?
carbons at 6 109.6 and 108.9. In the HMBC of the new
metabolite (Figure 1), the aromatic proton at 6 6.67 (H-6)
showed long-range couplings with C-5 (157.5 ppm), C-4
(120.3 ppm), and C-2 (125.8 ppm), while the one at 6.76
(H-6") showed similar correlations with C-7" (63.4 ppm),
C-5" (158.3 ppm), C-4" (119.4 ppm), and C-2"" (120.6 ppm).
Finally, the long-range interaction through oxygen between
the methylene protons at 6 4.66 (H-7) and the C-8" signal
at ¢ 63.9 ppm provided the evidence required to assign a
C-7-0-C-8"/C-8-O-C-7" ether linkage between the two
zinniol units and to identify the new metabolite as bis-7-
0-8".8-0O-7"-zinniol (2).

The EIMS of a third, non-phytotoxic, purified metabolite
showed a parent ion peak (m/z 496) identical with that of
2, suggesting an isomeric structure for the two metabolites.
Although a molecular weight of 496 corresponds to a
molecular formula of C3gH400s, both the *H and 13C NMR
spectra of the third metabolite showed signals correspond-
ing to only 20 protons and 15 carbons, all with chemical
shift values very similar to those of 1 (Table 1). These data
suggested that the third metabolite was also a dimer,
having two zinniol units bonded through two ether link-
ages, where the presence of one set of signals in both the
IH and 13C NMR spectra can be explained by a high
symmetry in the molecule. The third metabolite was thus
identified as bis-7-0O-7".8-0-8"-zinniol (3).

To confirm the structure of both metabolites, 1 was
treated under Lewis acid (ZnCl,)13 conditions. Both dimers
(2 and 3) were formed, and, after purification, their
spectroscopic data and their TLC and HPLC behavior
proved to be identical to those observed for the natural
products.

To rule out the possibility of 2 and 3 being artifacts
formed as a result of the extraction and purification
process, a careful HPLC analysis of all extracts and purified
fractions was carried out. Both dimers were detected in
both the original organic crude extract and the low polarity
fraction obtained after the solvent partition procedure.
Although 2 and 3 could not be detected in the lyophylized
culture filtrate due to interference by other components,
their presence was clearly observed in the organic extracts
obtained after treatment of the filtrate with DIAION HP-
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20 resin. These experiments provided enough evidence to
establish the natural origin of the two novel metabolites.

Several metabolites structurally related to zinniol have
been reported from A. porri,1114-17 A, solani,'®1® and A.
cichorii.l2 These include structures in which the primary
alcohol groups have been oxidized and condensed into a
lactone (e.g., 6-[3',3'-dimethylallyloxy]-4-methoxy-5-meth-
ylphthalide and zinnolide) or a lactam ring (e.g., zinnimi-
dine and porritoxine), and others in which the isoprene side
chain has been modified (e.g., homozinniol and zinndiol)
or lost (e.g., zinnol). Reports on the production of dimeric
metabolites by Alternaria species are limited, with the best
known example being the C—C linked alterporriolides.20
However, 2 and 3 represent the first examples of zinniol
dimers linked through an ether bond, similar to that
reported in the literature for lignans from Illicium verum.?
Finally, the non-phytotoxic activity of 2 and 3 is in
agreement with the existing reports that the hydroxym-
ethyl groups are essential for the expression of biological
activity.1®

Experimental Section

General Experimental Procedures. IR spectra were
measured on a FT-IR Nicolet Magna 750 or on a FT-IR
Protege 460. EIMS were recorded at 70 eV on a JEOL-
JMS-AX505HA mass spectrometer. GC analyses were
performed on a Hewlett-Packard 5890 gas chromatograph
under the following conditions: 0.5 uL of sample; Ultra 1
column (Hewlett-Packard, cross-linked methyl silicone
gum, 25 m long, 0.32 mm i.d., 0.52 um fill thickness); flow
rate = 1 mL/min; temperature programs: (a) T; = 180 °C,
T, =290 °C; (b) T, = 70 °C, T, = 290 °C, gradient = 10
°C/min. HPLC analyses were carried out using a Milton
Roy CM-4000 series chromatograph equipped with a Milton
Roy SM-4000 UV detector and a Milton Roy CS-4100
integrator. Conditions for HPLC analyses were as follows:
Hypersil ODS Cj5 column (Alltech, 5 micron, i.d. = 4.6 mm,
length = 250 mm); gradient elution using MeCN (A) and
H,O (B) [Method a: A/B 10:90 to 90:10 (6 min.), flow rate
= 1 mL/min, UV detector set at 254 nm; and Method b:
A/B 10:90 to 80:20 (12 min), flow rate = 1.5 mL/min, UV
set at 220 nm]. NMR spectra were recorded on Varian
Unity-300 and -500 spectrometers, at 300 and/or 500 MHz
for 'H and 75 or 125 MHz for 13C, using CDCl; as solvent
and tetramethylsilane (TMS) as internal standard. Two-
dimensional NMR experiments (DEPT, HMQC, and HMBC)
were obtained on a Varian Unity-500 instrument. Industrial-
grade solvents were glass-distilled in the laboratory prior
to use. Flash column and vacuum liquid chromatography
(VLC) purifications were carried out using Si gel (200—
400 mesh and TLC grade, respectively) from Aldrich
Chemical Co. Preparative TLC purifications were per-
formed on E. M. Merck glass-coated Si gel plates (GF3s4,
20 x 20 mm, 0.25 mm thickness).

Fungal Material. The strain of A. tagetica Shome and
Mustafee (ATCC 58771) was maintained on V-8 juice agar
(V8A) slant tubes, kept in the dark at 4 °C. The tubes were
used to inoculate V8A-containing Petri dishes, on which
the fungus was allowed to grow for 15 days at 26 °C, under
16/8 h of light/darkness conditions. A spore suspension (1
mL), prepared by adding 5 mL of sterile distilled water to
a Petri dish, was used to inoculate 1 L of a liquid culture
medium consisting of casamino acid enriched with marigold
infusion (20 g of leaves/L of medium), and the fungus was
cultured under stationary conditions for 28 days at 26 °C,
under natural light (diurnal cycle).

Extraction and Isolation. The mycelial mat was
separated from the culture filtrate by filtration through two
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layers of cheesecloth. The aqueous filtrate was extracted
with EtOAc (x 3, 1:1, v:v) and the resulting organic layer
concentrated under reduced pressure to yield the organic
crude extract (ca. 0.29 g/L). A suspension of the organic
crude extract (ca. 29 g) in H,O/MeOH 9:1 (ca.100 mL of
solution/300 mg of extract) was successively partitioned
between hexane (x 3, 1:1, viv) and EtOAc (x 3, 1:1, viv),
yielding the corresponding low (5.2 g) and medium (16.0
g) polarity fractions, respectively. VLC purification of the
low polarity fraction, using an stepwise gradient elution
(hexane/acetone, 98:2—100%, 13 fractions) yielded 1 (frac-
tions 11—12, 500 mg) as yellow oil. Fraction 10 (662 mg)
was further purified by flash column chromatography (CH,-
Cl,/acetone/MeOH, 95:3:2) to produce several fractions, one
of which contained 2 (15.7 mg) in pure form. Pure 3 (20
mg) was obtained by preparative TLC (CH,Cl,/acetone, 95:
5, x 3) purification.

Phytotoxicity Evaluation. Aqueous filtrates, before
and after extraction, together with the corresponding
organic and mycelium extracts, as well as crude and
purified fractions, were tested for phytotoxic activity using
the leaf-spot assay® on marigold leaves (0.2 mg/application).

Zinniol (1): yellow oil; R¢ 0.22 (CH,Cl,/acetone/MeOH,
95:3:2); tgr (HPLC, Method a) 11.02 min; tg (GC, method a)
10.09 min; tg (GC, method b) 23.41 min; identified by
comparison of spectroscopic data with those reported in the
literature.8® For the corrected assignments of the 13C NMR
data, see Table 1.

bis-7-0O-8".8-O-7" Zinniol (2): white solid; Rf 0.33 (CH.-
Cl,y/acetone/MeOH, 95:3:2); tr (HPLC, method a) 14.63 min;
tr (GC, method a) 9.69 min; tg (GC, method b) 23.38 min;
IR (film) vmax 3000, 2940, 1610, and 1120 cm~1; HREIMS
m/z 496.2790 (calcd for CzoH4006, 496.2825); LREIMS (70
eV) m/z 496 (M*, 1.0), 428 (M* — 68, 3), 410 (5), 360 (5),
342 (12), 249 (10), 181 (100), 164 (12), 69 (22); 'H and 13C
NMR data, see Table 1.

bis-7-O-7".8-0-8" Zinniol (3): white solid; R¢0.44 (CH,-
Cly/acetone/MeOH, 95:3:2); tr (HPLC, method a) 14.24 min;
tr (GC, method a) 9.69 min; tgr (GC, method b) 23.38 min;
IR (CHCI3) vmax 3000, 2940, 1610 and 1120 cm™%; EIMS
(70 eV) m/z 496 (M*, 14), 428 (M* — 68, 10), 360 (6), 342
(24), 248 (14), 181 (100), 164 (55), 69 (52); *H and 3C NMR
data, see Table 1.

Preparation of 2 and 3. Hydrated ZnCl, (42 mg,
Aldrich Chemical Co.) was added to a solution of 1 (23 mg,
0.086 mmol) in CH,Cl, (10 mL). The reaction mixture was
stirred at room temperature for 66 h, quenched with water,
and extracted with CH,Cl,. The organic solvent was
evaporated and the resulting crude reaction product puri-
fied by flash column chromatography, using stepwise
elution with CH,Cl,/acetone (97.5:2.5 and 95:5), to produce
2 (2.5 mg) and 3 (0.5 mg) in pure form.
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