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ABSTRACT.—The mold genus Alternaria is a widely distributed plant pathogen. Some of
these species, e.g., A. alternata, are common decay organisms of fruits and vegetables. Two
novel perylene oxide metabolites, altertoxins Il and III, have been identified in extracts of A. /-
ternata isolates that exhibit mutagenic responses in the Ames Salmonella typhimurium assay.
These identifications were based on mass, optical rotational, and 'H- and >C-nmr spectral
studies. Previous reports of related perylene dione mycotoxins have been clarified.

Species of Alternaria are widely distributed plant pathogens, and some species are
common decay organisms of mature fruits and vegetables. These molds produce a large
variety of toxic and nontoxic secondary metabolites (1-3). In a recent survey of moldy
tomatoes collected from processing lines, almost half contained a major Alternaria
metabolite, tenuazonic acid (4). This finding supports the concern of the possible con-
tamination of food products by Alternaria mycotoxins. In Ames Salmonella assays of ex-
tracts of isolates and purified components of Alternaria alternata, the major portion of
total mutagenic activity has been attributed to the altertoxins (5-7). Altertoxins I and
II were first reported in 1972 (8). Chu (9) reported additional studies of these toxins,
but a structure was not assigned to altertoxin I until 1982 (10). This assignment (1),
which proved to be incorrect, was based on nmr spectroscopic studies. However, in
1983, Japanese reseatchers (11) reported studies of the pigments of an unidentified A/-
ternaria species. They determined the structures of two of these compounds, which they
designated as alterperylenol (2) and dihydroalterperylenol (3). The structure for 2 was
based on X-ray crystallographic analysis, while the structure for 3 was assigned from
nmr spectral comparisons with 2. The physical and spectral data given for 3 are identi-
cal with those reported for altertoxin I, but no reference was given to the previous re-
ports on the altertoxins. Shortly after the report on the “alterperylenols” appeared,
Robeson and co-workers (12) reported a “novel” phytotoxin, altheichin (2), which had
been isolated from Alternaria eichorniae. This structure was based on an X-ray crystal-
lographic determination and, given that no absolute stereochemistry was implied, cor-
responds to that for alterperylenol. The work of Okuno et /. (11) was cited in a note
added in proof; however, again no reference to the previous altertoxins work was given.

We report here our studies on the isolation and structure determination of alter-
toxins I (3) and II (4) and a new related metabolite, altertoxin III (5). A correlation with
the earlier reports is presented to clarify some of the confusion in the literature regard-
ing the perylenequinone derivatives.

!Preliminary report: International Research Congress on Natural Products, University of North
Carolina, Chapel Hill, NC, July 7-12, 1985.

NOTE ADDED IN PROOF: The authors are indebted to Dr. G. Nasini for prior communication of his
finding of a dihydroanthraceny! structure for a metabolite of §. botryosum that is similar to 5.
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RESULTS AND DISCUSSION

Comparison of the '"H-nmr spectra and carbon chemical shifts of 3 and 4 (Table 1)
suggested a common carbon skeleton. Due to the similarity of its A/B- and D/E-ring
systems, 3 possesses three pairs of protons (1/12, 2/11, and 3/10-OH) and eight pairs of
carbon resonances (1/12, 2/11, 3/10, 3a/9a, 4/9, 5/6, 9b/12c, and 12a/b) whose assign-
ments are interchangeable. In fact, at a field strength of 1.9 T (20 MHz, C-13), only 12
carbon signals are evident. This observation caused considerable delays in our original
attempts at the structure elucidation of 3. However, the selective INEPT (13) or
INAPT (14) experiment permitted differentiation among all of these pairs of signals in
DMSO-d;. In general, protons whose assignments are known were employed to assign
carbon resonances. Specifically, in an experiment designed to transfer magnetization
via proton-carbon couplings of two bonds or more, irradiation of H-7 at 4.5 ppm al-
lowed C-9b (three bonds distant) to be distinguished from C-12c (four bonds away). In
a second experiment, designed to transfer magnetization via one-bond proton-carbon
coupling, irradiation of the more-shielded 6-methylene proton (2.30 ppm) resulted in
observation of C-6, thus differentiating it from C-5. The irradiated proton signal was,
moreover, assigned to the axial position on the basis of its two large couplings (geminal
and trans-vicinal). Irradiation of the proton resonance at 2.59 ppm resulted in observa-
tion in one experiment of C-5 and in another, of C-6a. Appearance of these two carbon
signals identified the irradiated resonance as one of the 5-methylene protons. It was
further determined to be H-5eq from the one large geminal coupling which it exhibits.
Assignment of this proton signal also permitted C-3a to be distinguished from C-9a
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and C4 from C-9. Irradiation at 2.86 ppm resulted in observation, via one-bond coup-
lings, of C-6b and C-8, indicating coincident proton chemical shifts. Experiments ex-
ploiting long-range C-H couplings, moreover, allowed C-12a (three bonds distant
from H-6b) to be differentiated from C-12b.

When the strongly hydrogen-bonded resonance at 12.7 ppm was irradiated, C-3a
again appeared together with signals for C-2 and C-3, which were thus distinguished
from C-11 and C-10, respectively. This experiment also established the chemical shift
of 3-OH as 12.7 ppm, differentiating it from 10-OH. Conversely, irradiation of 10-
OH (12.3 ppm) confirmed the previous assignments by producing resonances for C-9a,
C-10, and C-11. Irradiation of the proton signal at 6.9 ppm again resulted in observa-
tion of C-11, thereby establishing the former resonance as that of H-11 and distin-
guishing it from H-2. Furthermore, selective homonuclear decoupling of this proton
signal collapsed the doublet at 8.0 ppm, thus establishing the latter resonance as H-12
and differentiating it from H-1. Lastly, irradiation of H-12 resulted in observation of
C-12, hence distinguishing it from C-1.

Compound 4 is two mass units less than 3, but unlike 2, lacked olefinic proton
nmt signals. The presence of methine carbons at 52.8 and 55.7 ppm, which exhibit
185-Hz one-bond proton couplings, and absence of both the 8-methylene and 7-
methine carbons, indicated thatin4 an epoxide group had replaced the secondary 7-8-
OH function of 3. The absence of vicinal coupling between H-6b and H-7 suggests that
the dihedral angle between these protons is approximately 90°and, therefore, requires a
similar B-configuration for the epoxide group in 4.

The situation of interchangeable proton and carbon chemical shift assignments en-
countered with 3 is also found in 4. However, INAPT experiments could not be em-
ployed in this case due to both poor solubility and stability of 4 in a variety of solvents.
Both the 7-proton and 7-carbon of the epoxide group resemble the B-substituents of an
o, B-unsaturated carbonyl systems, being more deshielded than their 8-counterparts.
Similarly, allylic coupling is observed between H-6b and H-8, whereas vicinal coupl-
ing between H-6b and H-7 is not. Both dihedral angles are thus concluded to be ap-
proaching 90°.

Comparison of the 'H-nmr spectra and carbon chemical shift data of 4 and 5 (Table
1) likewise revealed considerable, although deceptive, similarity (see below). Com-
pound 5 is two mass units less than 4, suggesting that an epoxide group had again re-
placed an alcohol function. The appearance of methine carbons at 53.6 and 56 ppm,
which exhibit 185-Hz one-bond proton couplings, once more confirmed the presence of
epoxide functionalities. As in 4, these groups are assigned a B-configuration on the
basis of the very small vicinal coupling between H-1 and H-12b (also H-7 and H-6b).

However, 5 represents a considerable departure from known perylenequinone com-
pounds (10-12, 15, 16) in two respects: (a) it possesses an element of symmetry as evi-
denced by its 'H-nmr and '3C-nmr spectra, which exhibit signals corresponding to half
of the nuclei present, and (b) its two aromatic rings are part of an unconjugated dihyd-
roanthracenyl, rather than a biphenyl, system. Several lines of evidence support the lat-
ter conclusion. First, reduction of 5 with NaBH provided a product whose uv spec-
trum resembles that of a phenol anion {234 (14,000) and 287 nm (5,200) compared
with 235 (9,300) and 287 nm (2,600), respectively] while the corresponding reduction
product of 3 exhibits more extensive conjugation, 214 (31,000) and 299 nm (24,000).
Second, irradiation of epoxide protons-1(7) resulted in an nOe at the aromatic protons-
6(12). The reverse experiment, in which H-6(12) was itradiated, likewise produced en-
hancement in the integrated intensity of H-1(7).

Compound 5 is readily seen (see above) to be a symmetrical molecule. Moreover,
exhibition of optical rotation and observation of a cd spectrum require the presence of a



870 Journal of Natural Products {Vol. 49, No. 5

C,-axis (perpendicular to the plane of the molecule through the middle of the C-ring)
and structure 5 rather than a center of symmetry. The latter would, like a mirror plane,
give rise to the meso-molecule 6).

Altertoxins I, IT, and III were shown to be mutagenic using the Ames test (6). Com-
pound 5 with two epoxide groups is 1.5 times more potent a mutagen than 4, with one
epoxide group, and 23 times more potent than 3, which has no epoxide groups. The
analogies with the arene oxide mechanisms in the metabolic activation in car-
cinogenesis of a polynuclear aromatic system are obvious (17).

EXPERIMENTAL

GENERAL EXPERIMENTAL PROCEDURES.—Melting points were determined on a Kofler apparatus
and are uncorrected. Uv spectra were recorded on a Beckman DU-7 spectrophotometer and ir spectraon a
Digilab-FTS-10X instrument. Optical rotation measurements were made on a Perkin-Elmer 241 MC
polarimeter, and cd spectra were recorded on a JASCO J-500A spectropolarimeter. Mass spectra were ob-
tained on a VG-ZAB 2F mass spectrometer at 70 €V. 'H-and '>C-nmr spectra were determined at 360 and
90 MHz, respectively, in CDCl; on a Nicolet NT-360 spectrometer and obtained at 300 and 75 MHzg, re-
spectively, in DMSO-4; on a Nicolet NT-300 WB spectrometer. Chemical shifts were referenced to inter-
nal TMS (0.0 ppm) for 'H spectraand the appropriate deuterated solvent (77.0 ppm, CDCl; or 39.5 ppm,
DMSO-4y) for 1*C spectra. The nQe, obrained as nQOe-difference spectra, were determined by subtracting
off-resonance free induction decays (fids) from on-resonance fids on a Varian Associates XL-200 spectrome-
ter at 200 MHz. Selective INEPT experiments employed the pulse sequence of Bax (13). A decoupler field
strength (YH, =25 Hz) was used to generate a selective 90° proton pulse= 10 msec. The polarization trans-
fer delays, A, and A,, were optimized for 125-and 6-Hz proton-carbon couplings in experiments designed
to enhance one-bond and long-range couplings, respectively. Between 6,000 and 40,000 16K transients
were signal-averaged in double-precision acquisition mode and processed in floating-point mode with
standard Nicolet software.

A. alternata, isolated from cherries and designated strain No. 42, is deposited with the Division of
Microbiology, Food and Drug Administration, Washington, DC.

CULTURE CONDITIONS.—Rice (250 g) and 250 ml H,O were autoclaved in 2,800-ml Fernbach
flasks. They were then inoculated with a fresh culture of A. alternata and incubated for 20 days at 22°.

ISOLATION PROCEDURE.—The moldy rice was broken up with a spatula, blended with 1 liter
CHClIs;, and filtered. The filter cake was reblended with an additional 750 ml CHCI; and filtered. The
combined filtrates from ten Fernbach flask cultures were concentrated to 400 ml using a rotary evaporator.

PURIFICATION.—The concentrated extracts were added toa 150-g silica gel column (E. Merck silica
gel 60, 0.06-0.2 mm) and eluted with 3 liters CH,Cl, to obtain 5, then 3 liters CHCL, for 4, and finally
with 3 liters CHCl;-MeOH (98:2) to obtain 3. Fractions were collected and analyzed for 3, 4, and 5 by
hplc (Waters 6000A pump, Waters 216K injector, Waters 5-pm silica gel column, Waters Model 450
absorbance detector set at 355 nm, Hewlett-Packard 7130A recorder; mobile phase CHCl;-HOAc-MeOH
(98:1:1), flow rate 1 ml/min; elution times: 5, 1.4 min; 4, 3.0 min; and 3, 8.5 min with CH,Cl,. Frac-
tions containing mixtures were rechromatographed on smaller columns. Repeated chromatography and
crystallization from CHCl;/hexane yielded 150 mg 3, 317 mg 4, and 451 mg 5.

NaBH4 REDUCTIONS.—Compound 3, 1.34 mg, was dissolved in 10 ml MeOH and treated re-
peatedly with milligram quantities of NaBHy, uv spectrum: 299 (24,000) and 214 (31,000) nm.

Compound 5, 0.940 mg, was dissolved in 50 ml MeOH, treated repeatedly with NaBH, and al-
lowed to stand overnight, uv spectrum: 287 (5,200) and 234 (14,000) nm.

Altertoxin 1 (3).—Mp>>180° (dec.); [a}D +484° (¢ 0.002 in CHC,); cd (¢ 2X 10~4in CHCI) +391,
—351, +313 nm (A€ +19.7, —8.8, +7.3); ir v max (KBr) 3450, 1641, 1598, 1489, 1465, 1368, 1337,
1234, 1170, 1062, 951, 829 cm™*; uv A max (MeOH) 215 (25,500), 256 (34,600), 285 (16,300), 296sh
(13,300), 356 nm (6,000); ms m/z 352.0948 (M™, calcd for C,0H ,¢O¢, 352.0946), 334 (M-H,0), 316
(M-2H,0), 314 (M-2H,0-2H), 291 (M-H,0-C,H,0), 290 (M-C,H,0,), 275 (M-2H,0-C,HO).

Altertoxin Il (4).—Mp 245-250°; [a}D +636°(c0.001 in CHCL;); cd (¢ 10™#in CHCl;) 395, 327 nm
(Ae +21, 8.8); ir v max (KBr) 3462, 1643, 1598, 1485, 1384, 1342, 1321, 1296sh, 1223, 1184, 1138,
1103, 1095, 1061, 1041, 952, 833, 774 cm™!; uv X max (MeOH) 215 (27,000), 258 (31,700), 286sh
(17,000), 297sh (13,500), 358 nm (5,300); ms m/z 350.0784 (M, calcd for CooH 1405, 350.0790), 332
(M-H,0), 321 M-CHO), 305 (M-CHO,), 291 (M-2CHO-H).
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Altertoxin I11 (5).—Mp 175-230° (subl.); [alD +845° (¢ 4% 107% in CHCL3); od (¢ 4% 1073 in
CHCl;) 344 nm (Ae +39.2); ir v max (KBr) 3452, 1650, 1620, 1473, 1440, 1382, 1342, 1249, 1234,
1198, 1045, 1003, 806, 746, 715 cm™'; uv A max (MeOH) 210 (19,500), 265 (14,500), 352 nm
(5,200); ms m/z 348.0633 (M™, calcd for C,,H,04, 348.0634), 346 (M-2H), 331 (M-OH), 329 (M-
H,0-H), 319
(M-CHO), 314 M-20H), 291 (M-CHO-CO), 263, 250.
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