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ABSTRACT: The enantiomers (+)- and (−)-alternarilactone A (1), the first examples of dibenzo-α-pyrones bearing a diepoxy-
cage-like moiety, were isolated from the endophytic fungus Alternaria sp. hh930. The deficiency in 1H−1H COSY and HMBC
correlations caused by the highly oxidized caged system of 1 and the deceptive and ambiguous signals such as “W” couplings in
NMR data increased the risk of structure misassignment of 1. By performing a quantum chemical calculation of the NMR
chemical shifts together with a DP4+ probability analysis and single-crystal X-ray crystallographic experiment, their structures
were unambiguously determined, and their absolute configurations were determined by ECD calculations.

Structure elucidation is a critical part of natural products
research. Although there have been many advances in

techniques and methods, the accuracy of structure elucidation
is still debatable. The indirect nature of these techniques,
which unavoidably requires researcher deductions, is the major
factor responsible for structural misassignments. Additionally,
validation procedures typically depend on time-consuming and
expensive total syntheses and X-ray crystallographic experi-
ments which require a certain amount of luck.1 Thus, an
economical and convenient method of structure confirmation
would be valuable to every natural products researcher. In
recent years, quantum chemical calculations coupled with
several correlative approaches, such as CP3,2 DP4,3 and
DP4+,4 have been successfully employed in natural products
elucidation5 and structural revisions.6 As an efficient structural
validation tool, these methods allow researchers to rapidly
confirm proposed structures.
Dibenzo-α-pyrones, commonly found in fungi of the genus

Alternaria, are an important class of natural heptaketides.7

Their fascinating structures, which are associated with a wide
range of biological properties, such as cytotoxicity8 and
antimicrobial activities,9 have attracted great interest from
chemists and pharmacologists. As a part of our investigation of
structurally unique and biologically active metabolites from
endophytes of the genus Isodon,10 (+)- and (−)-alternar-
ilactone A (1), a pair of enantiomers that represent the first
examples of dibenzo-α-pyrones bearing a highly oxidized
diepoxy-cage-like moiety, were isolated from the endophytic
fungus Alternaria sp. hh930, which colonized the stem of

Isodon sculponeatus. The proposed structure of 1 was initially
determined to be incorrect in this research due to the low
proton/carbon ratio in the central fragment, which resulted in
the 1H−1H COSY and HMBC correlations being unavailable
and deceptive and ambiguous signals in the NMR data. Finally,
by using quantum chemical calculations, DP4+ probability
analysis, and X-ray diffraction analysis, the correct structure
and absolute configurations of (+)- and (−)-1 were
determined. To the best of our knowledge, (+)- and (−)-1
are the first examples of dibenzo-α-pyrones possessing a
diepoxy-cage-like moiety. Herein, we report the isolation,
structure elucidation, biological evaluation, and a plausible
biosynthetic pathway of 1, as well as discuss the deceptive
signals in the HMBC spectrum.

■ RESULTS AND DISCUSSION

Initially, a limited amount (1.6 mg) of (+)- and (−)-alter-
narilactone A was obtained as a mixture of enantiomers (1). Its
molecular formula was determined to be C18H18O8 from
HRESIMS analysis, which corresponds to 10 indices of
hydrogen deficiency. The IR spectrum displayed absorptions
attributable to hydroxy (3440 cm−1), ester carbonyl (1738
cm−1), and phenyl (1625 and 1494 cm−1) functionalities.
The 1H NMR data (Table 1) of 1 exhibited signals for two

singlet methyls at δH 0.98 (s, H3-1″) and 1.57 (s, H3-1′), one
methoxyl at δH 3.94 (s, H3-OMe), two AB methylene groups at
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δH 2.14 (d, J = 13.9 Hz, Ha-3′) and 2.21 (d, J = 13.9 Hz, Hb-
3′) and 2.83 (overlapped, Ha-2) and 2.93 (d, J = 17.6 Hz, Hb-
2), one methine at δH 4.88 (s, H-4a), and two aromatic
protons at δH 6.56 (s, H-8) and 6.74 (s, H-10). Interpretation
of the 13C NMR and DEPT data (Table 1) revealed 18 carbon
signals attributable to three methyls (including one methoxyl)
with resonances at δC 22.9, 24.8, and 56.4; two methylenes at
δC 47.7 and 48.2; three methines (one oxygenated and two
aromatic) at δC 82.9, 101.6, and 106.0; and 10 remaining
carbons including a carbonyl at δC 208.0 and three carbons at
δC 77.2, 79.3, and 82.6. In addition, by detailed analyses of the
1H NMR and HSQC spectrum, a hydroxy proton at δH 5.01
and a phenolic hydroxy proton involved in hydrogen bonding
at δH 11.1 were identified in the downfield region of the 1H
NMR spectrum.
Further analysis of the HMBC correlations from H-8 to C-

6a (δC 101.0), C-7 (δC 165.3), C-9 (δC 167.2) and C-10 (δC
106.0), from H-10 to C-6a, C-9, and C-10b (δC 79.3), and
from H3-OMe to C-9 resulted in the elucidation of a 1-
carbonyl-2-hydroxyl-4-methoxyl-6-subsituted benzene subunit.
In addition, the HMBC correlations from H-4a to C-10a (δC
139.5) and C-10b indicated C-10b was connected to CH-4a
(Figure 1).
The determination of the diepoxy-cage-like ring system was

very difficult. The highly oxidized ring afforded the contiguous
carbon systems and ultimately resulted in the low proton/
carbon ratio in the central fragment (−C1−C10b−CH4a−
C4−) and the similarities in the 13C NMR chemical shifts of

C-1 (δC 82.6), C-4 (δC77.2), CH-4a (δC 82.9), and C-10b (δC
79.3). The nature of the compound brings about the
unavailable usage of 1H−1H COSY and HMBC correlations
in helping elucidate the structure. Moreover, the deceptive and
ambiguous signals, such as the unusual 4JCH couplings from
H3-1′ to C-4 and H-1″ to C-3 (Figure 2), and the absence of
the key HMBC correlation from H-4a to C-6 were confusing
and resulted in the possibility of the structural misassignment.

Initially, a biosynthetic pathway-guided elucidation strategy
was adopted in combination with the information available to
determine the structure. The present information suggested
that 1 should be a dibenzo-α-pyrone derivative. To the best of
our knowledge, dibenzo-α-pyrones originate through a fungal
PKS biosynthetic pathway. After seven successive condensa-
tions of one acetyl CoA and six malonyl CoA units in the KS
domain, the linear heptaketide could undergo a two-step
cyclization (C2−C7, C8−C13) to form the intermediate, and
the intermediate through a O9−C1 cylization forms a type I
dibenzo-α-pyrone, such as alternariol, or a O13−C1 cyclization
to form a type II dibenzo-α-pyrone, such as altenuene (Scheme
S1).7,11 In consideration of the facts that no obvious HMBC
correlation exists between H-4a and C-6, and type II dibenzo-
α-pyrones usually possess a nonaromatic ring, it was assumed
that 1 might be a type II dibenzo-α-pyrone derivative. The
HMBC correlations from H3-1′ to oxy-carbon C-2′, CH2-3′,
and oxygenated carbon C-4 and from H2-3′ to CH-4a, C-3,
and C-4 suggested the connection between the CH3−C(O2)−
CH2− fragment and C-4. Moreover, careful analysis of the
remaining key HMBC correlations, such as those of H-1″ with
C-1, C-2, and C-10b; H2-2 with carbonyl C-3; and the proton
at δH 5.01 with C-4, C-3, and C-3′, and the mass spectrum
(remaining 2 indices of hydrogen deficiency) gave rise to the
gross structure 1-P1, which involved the connection of C-2′ to
CH-4a and C-10b via two oxygen atoms (Figure 2).
The relative configuration of 1 was determined with the help

of a ROESY experiment. The correlation of H-4a/H2-3′
suggested H-4a and H2-3′ should be oriented in the same
spatial direction. In addition, the lack of NOE between H-4a
and H3-1″ indicated an opposite spatial orientation of H-4a
with H3-1″. However, through analysis of the architecture of 1-
P1, it was found that O-10b, O-4a, and CH2-3′ had to be
oriented in the same direction to form the rigid diepoxy-cage-

Table 1. 1H NMR (600 MHz), 13C NMR (150 MHz), and
HMBC Data of 1 [δ (ppm), J (Hz)]a

no. δC, type δH, mult (J) HMBC

1 82.6 C
2a 47.7 CH2 2.83 (overlapped) 1, 1″, 3, 10b
2b 2.93 (d, 17.6)
3 208.0 C
4 77.2 C
4-OH 5.01 (s) 3, 4, 3′
4a 82.9 CH 4.88 (s) 1, 3, 4, 10a, 10b
6 167.8 C
6a 101.0 C
7 165.3 C
7-OH 11.1 (s)
8 101.6 CH 6.56 (s) 6a, 7, 9, 10
9 167.2 C
9-OMe 56.4 CH3 3.94 (s) 9
10 106.0 CH 6.74 (s) 6a, 9, 10b
10a 139.5 C
10b 79.3 C
1′ 22.9 CH3 1.57 (s) 2′, 3′, 4
2′ 106.4 C
3′a 48.2 CH2 2.14 (d, 13.9) 2′, 3, 4, 4a
3′b 2.21 (d, 13.9)
1″ 24.8 CH3 0.98 (s) 1, 2, 3, 10b

aRecorded in acetone-d6.

Figure 1. Selected HMBC correlations of 1.

Figure 2. Selected HMBC correlations of 1 for two possible
structures.
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like ring. For these spatial orientations, the internuclear
distance between H-4a and H2-3′ was determined to be 3.9
Å in a DFT (density functional theory) optimized modeling
(Figure S16), which means those results contradict the
assignment based on the ROESY spectrum. Furthermore,
two weak ROESY correlations of H3-1″/H-10 and H3-1′/H-10
was puzzling and did not inspire confidence in the structure
proposed.
The unconvincing structure and inadequate information

prompted a re-evaluation of the structure elucidation process.
After careful analysis of the architecture of type II dibenzo-α-
pyrones, it was determined there were no additional structures
compatible with the current data except for the structure of 1-
P1. After further consideration, an alternative reasonable
structure, 1-P2 (Figure 2), was proposed, compatible with the
data except for the absence of key HMBC correlations from H-
4a to C-6.
To further verify the structure, quantum chemical

calculations of the NMR shifts of 1-P1 and 1-P2 were
performed. Initially, an exhaustive conformation space search
of the two possible structures was conducted by MMFF force
field in Spartan’16 (Wavenfunction, Irvine, CA, USA). Owing
to the rigidity of the ring system, five and three conformers
were obtained for 1-P1 and 1-P2, respectively, with relative
energies within 10 kcal/mol. All conformers were then
optimized in Gaussian 0912 at the B3LYP/6-31G(d) level of
theory using the polarizable continuum model (PCM) with
acetone as the solvent. The optimized conformers were further
calculated for the NMR chemical shifts at the mPW1PW91/6-
31G(d,p) level with PCM in acetone.
For candidate 1-P1, the calculated chemical shifts of C-4a

and C-4 exhibited significant errors compared to those in the
experimental data with deviations of 12.0 and 7.0 ppm for C-4a
and C-4, respectively. The correlation coefficient (R2) was
0.9911, the mean absolute error (MAE) was 4.1 ppm, and the
corrected mean absolute error (CMAE) was 4.3 ppm. For
candidate 1-P2, the major calculated chemical shifts were in
good agreement with the experimental data except for the
deviations of 5.0 and 3.5 ppm for C-9 and C-7, respectively.
Those deviations might be due to the low accuracy and
precision of the sp2 carbon in the small basis set, as
demonstrated by work of Sarotti et al.13 The R2 was 0.9984,
the MAE was 1.9 ppm, and the CMAE was 1.6 ppm (Figure
3). The above data indicated candidate 1-P2 might be the real
structure of 1. Moreover, to further confirm this result, DP4+
probability was also used. Consistent with the aforementioned
conclusion, 1-P2 was again identified as the most likely
candidate with 100% DP4+ (carbon data) probability (Table
S2).
At the same time, in order to unambiguously determine the

structure and the stereochemistry of 1, a single-crystal X-ray
analysis was performed. A very thin but suitable crystal was
obtained by using vapor exchange of acetone and water in a
closed tube. Single-crystal X-ray analysis gave solid evidence
that the structure and relative configurations were the same as
1-P2 (deposition number CCDC 1817233). In addition, the
analysis further showed that the crystal was a mixture of
enantiomers. Then, by using a chiral chromatographic column,
(+)- and (−)-1 (Figure 4) were separated.
In order to determine the absolute configurations of (+)-

and (−)-1, TDDFT (time-dependent DFT) calculations of
their electronic circular dichroism (ECD) spectra were
performed. Three conformers obtained from the aforemen-

tioned conformation search were optimized at the B3LYP/6-
31G(d) level with PCM in methanol. These optimized
conformers were further subjected to the TDDFT calculation
of the ECD spectrum at the B3LYP/6-31+G(d,p) level with
PCM in methanol. The results showed that the calculated
ECD spectrum was in accordance with the experimental
spectrum (Figure 5), allowing an explicit assignment of (+)-1
as 1R, 2′R, 4S, 4aR, 10bS. Accordingly, the absolute
configuration of (−)-1 was confidently assigned as 1S, 2′S,
4R, 4aS, 10bR.
Reviewing the whole process of structure elucidation, except

for the unavailable usage of 1H−1H COSY and HMBC
correlations, which resulted from the low proton/carbon ratio
and similar 13C NMR chemical shifts in the central fragment,
the unusual 4JCH couplings from H3-1′ to C-4 and H-1″ to C-3
and the absence of HMBC correlation from H-4a to C-6
greatly increased the risk of structure misassignment. As is
known, the intensity of HMBC cross-peaks depends on the
magnitude of 2JCH,

3JCH, and
4JCH coupling constants. For the

conventional setting of an HMBC experiment, it typically is
optimized in the range of 6−10 Hz, which predominantly
provides access to 2JCH and 3JCH correlations and precludes the
much smaller J-couplings (4JCH correlation). Thus, the 4JCH
correlation was seldom observed in the HMBC spectrum in a
normal situation, but could be seen in conjugate systems, such
as termicalcicolanone B,14 and some rigid ring systems, such as
yardenones A and B.15 The observation of 4JCH correlation in
the HMBC spectrum could be attributed to the special

Figure 3. Correlations between experimental and calculated 13C
NMR chemical shifts of 1-P1 and 1-P2.

Figure 4. X-ray crystallographic structure of 1 and chiral HPLC
chromatogram of (±)-1.
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molecular geometries when the four bonds between the
coupled atoms were coplanar and form the shape of a “W”.16

By analysis of the geometries of 1, we found that the fragments
H(1′)−C(1′)−C(2′)−C(3′)−C(4) and H(1″)−C(1′′)−
C(1)−C(2)−C(3) were in the form of a “W” (Figure 6).

Therefore, it was assumed that the “W” shape of the two
fragments in the rigid diepoxy-cage-like moiety increased the
coupling constants of H3-1′/C-4 and H-1″/C-3, which resulted
in the observed correlation from H3-1′ to C-4 and H-1″ to C-3
in the HMBC spectrum. The absence of a 3JCH correlation
from H-4a to C-6 is assumed to be caused by the nature of
alternarilactone A (1), with the coupling constants of H-4a/C-
6 that might be very small, even though it is a 3JCH coupling.
In order to discuss the aforementioned two assumptions, the

calculation of the spin−spin coupling constants was used. The
major two optimized conformers of 1-P2, conformers a
(70.81%) and b (29.19%) (Table S7), obtained from the
aforementioned calculation of NMR chemical shifts, were
subjected to the calculation of spin−spin coupling constants at
the B3LYP/6-311G(d,p) and B3LYP/pcJ-1 level with PCM in
acetone.17 The reliability of the calculation accuracy was
confirmed by comparing the calculated coupling constant
(15.29 and 15.25 Hz) (Table 2) with the experimental value
(13.9 Hz) of H-3′a/H-3′b, which was within an acceptable
range. For these correlations, we found the results were
consistent with the aforementioned assumptions. The
calculated 3JCH coupling constants of H-4a/C-6 (0.23 and
0.23 Hz) in two theoretical levels were much smaller than
other calculated 3JCH coupling constants (range from 3.18 to
5.94 Hz), and the calculated 4JCH coupling constants of H3-1′/
C-4 (0.86 and 0.87 Hz) and H-1″/C-3 (1.00 and 1.01 Hz)
were larger than the other calculated 4JCH coupling constants
(range from 0.02 to 0.40 Hz). The above data provided the

theoretical explanation for the observed unusual 4JCH
correlations from H3-1′ to C-4 and H-1″ to C-3 and the
missing 3JCH correlation from H-4a to C-6.
(+) and (−)-1 can be generated from a fungal PKS

biosynthetic pathway as with other normal dibenzo-α-pyrones,
to produce an intermediate that undergoes successive
condensation and cyclization reactions, and a one-step S-
adenosyl methionine (SAM)-based methylation at HO-9 to
form the basic dibenzo-α-pyrones architecture (c) (Scheme 1).
Oxidation of intermediate c at C-4 yielded intermediate d. The
key step in the whole biosynthesis is the connection of a C3
unit to C-4 through an addition reaction to form intermediate
e. Remarkably, the precursor of the additive C3 unit in 1 was
proposed to originate from acetoacetyl-CoA, an intermediate
produced in both the PKS and FAS biosynthetic pathways,18

which differs from penicilliumolide A19 and rhizopycnolides A
and B,20 three examples of C3 unit adducts whose C3 units
originated from the TCA cycle intermediate, oxaloacetic acid.
Later, subsequent stereoselective addition, hydration, and ketal
cyclization ultimately afforded enantiomers (+)- and (−)-1.
(+)- and (−)-1 were evaluated for inhibition of cortico-

sterone-induced apoptosis in PC12 cells, together with their
antibacterial and antifungal activities. (+)- and (−)-1 possessed
weak protective activity against corticosterone-induced apop-
tosis in PC12 cells (Table S3). Neither of them displayed
significant antibacterial or antifungal effects against the Gram-

Figure 5. Experimental (black solid line) ECD spectrum of (+)-1,
experimental (blue dashed line) ECD spectra of (−)-1, and calculated
(red solid line) ECD spectrum of (+)-1 in MeOH.

Figure 6. “W” pathway for 4JCH correlations from H3-1′ to C-4 and H-
1″ to C-3.

Table 2. Calculated Coupling Constants of 1 at the B3LYP/
6-311G(d,p) and B3LYP/pcJ-1 Level with PCM in Acetone
[J (Hz)]

B3LYP/6-
311G(d,p) B3LYP/pcJ-1

HMBC
correlation

observed in HMBC
or not

coupling
constant (J)

coupling
constant (J)

1JHH
H-3′a/H-3′b no 15.29 15.25
2JCH
H-4a/C-10b yes (weak) 2.77 3.02
H-4a/C-4 yes 3.62 3.79
H-10/C-9 yes (weak) 2.09 2.19
H3-1′/C-2′ yes 4.12 4.27
H3-1″/C-1 yes 3.67 3.78
3JCH
H-4a/C-1 yes 5.20 5.23
H-4a/C-3 yes 5.85 5.94
H-4a/C-6 no 0.23 0.23
H3-1′/C-3′ yes 3.18 3.21
H3-1″/C-2 yes 4.45 4.49
H3-1″/C-10b yes 3.94 3.95
4JCH
H3-1′/C-4 yes (weak) 0.86 0.87
H3-1″/C-3 yes (weak) 1.00 1.01
H-4a/C-2 no 0.40 0.35
H-4a/C-2′ no 0.17 0.18
H-2a/C-4a no 0.28 0.30
H-2b/C-4a no 0.02 0.09
H-2a/C-10a no 0.03 0.06
H-2b/C-10a no 0.12 0.11
H-3′a/C-2 no 0.23 0.18
H-3′b/C-2 no 0.07 0.09
H-3′a/C-10b no 0.10 0.08
H-3′b/C-10b no 0.40 0.38
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positive pathogen Staphylococcus aureus, the Gram-negative
pathogen Salmonella typhi, and the plant pathogenic fungi
Gaeumannomyces graminis and Verticillium cinnabarium (Table
S5).

■ EXPERIMENTAL SECTION
General Experimental Procedures. Optical rotations were

measured with a JASCO P-1020 polarimeter. UV spectra were
obtained using a Shimadzu UV-2401 PC spectrophotometer. A
Tensor 27 spectrophotometer was used for scanning IR spectroscopy
with KBr pellets. 1D and 2D NMR spectra were recorded on Bruker
DRX-600 spectrometers with tetramethylsilane as internal standard.
Chemical shifts (δ) are expressed in parts per million (ppm) with
reference to the solvent signals. HRESIMS was performed on an API
QSTAR spectrometer. Preparative HPLC was performed on an
Agilent 1260 liquid chromatograph with a Zorbax SB-C18 (21.2 mm ×
250 mm) column. Semipreparative HPLC was performed on an
Agilent 1200 liquid chromatograph with a Zorbax SB-C18 (9.4 mm ×
250 mm) column. Chiral separation was performed on an Agilent
1200 liquid chromatograph with a DAICEL AD-RH (4.6 mm × 250
mm) chiral chromatographic column. Column chromatography was
performed with silica gel (100−200 mesh, Qingdao Marine Chemical,
Inc., Qingdao, People’s Republic of China). Fractions were monitored
by TLC, and spots were visualized by heating silica gel plates sprayed
with 10% H2SO4 in EtOH.
Fungal Material, Identification, and Fermentation. The

fungal strain of Alternaria sp. hh930 was isolated from fresh stems
of Isodon sculponeatus that were collected from Weishan County, Dali
City, Yunnan Province, People’s Republic of China, in September
2014. Fungal identification was based on sequence analysis (GenBank
accession no. MG739622) of the internal transcribed spacer (ITS)
regions of the rDNA. More details about the experimental procedures
are provided in the Supporting Information.
Extraction and Purification. The medium was overlaid and

extracted with EtOAc, and the solvent was evaporated in vacuo to
afford a crude extract (55 g). The extract was subjected to column
chromatography on silica gel with a CHCl3−Me2CO gradient system
(1:0, 9:1, 8:2, 7:3, 6:4, 1:1, 0:1) to yield seven fractions, A−G.
Fraction B (CHCl3−Me2CO, 9:1, 7 g) was chromatographed on a
silica gel column with a petroleum ether−Me2CO gradient system
(from 50:1 to 1:1) to afford fractions B1−B5. Fraction B2 was
purified by preparative HPLC (15 mL/min, detector UV λmax = 202
nm, MeCN−H2O, 40:60) to yield subfractions B2-1−3, subfraction
B2-3 was purified by semipreparative HPLC (3 mL/min, detector UV
λmax = 202 nm, MeCN−H2O, 50:50) to yield 1 (1.6 mg, retention
time = 5.3 min). After the single-crystal X-ray analysis, the result
showed that 1 was a racemic compound. Therefore, 1 was subjected
to semipreparative HPLC with a chiral chromatographic column (3
mL/min, detector UV λmax = 202 nm, MeCN−H2O, 40:60) to yield
(+)-1 (0.78 mg, retention time = 10.9 min) and (−)-1 (0.77 mg,
retention time = 13.8 min). (Figure S1).

X-ray Crystal Structure Analysis. The intensity data for
alternarilactone A (1) were collected on a Bruker APEX DUO
diffractometer using graphite-monochromated Cu Kα radiation. The
structure of 1 was solved by direct methods (SHELXS97), expanded
using difference Fourier techniques, and refined by the program and
full-matrix least-squares calculations. The non-hydrogen atoms were
refined anisotropically, and hydrogen atoms were fixed at calculated
positions. Detailed data are provided in Tables S12−S18 in the
Supporting Information.

Quantum Chemical Calculation of NMR Chemical Shift, ECD
Spectrum, and Spin−Spin Coupling Constants. The theoretical
calculations of 1-P1 and 1-P2 were carried out using the Gaussian 09
software package.12 Conformational analysis was initially performed
using Spartan’16 (Wavefunction, Irvine, CA, USA). More details
about the experimental procedures and the optimized conformation
geometries, thermodynamic parameters, and populations of all
conformations are provided in the detailed experimental procedures
and Tables S6−S11 in the Supporting Information.

Protective Evaluation Assays of Corticosterone-Induced
Apoptosis in PC12 Cells. Compounds (+)- and (−)-1 were
evaluated for the protective activity of corticosterone-induced
apoptosis in PC12 cells. More details about the experimental
procedures are provided in the Supporting Information.

Antibacterial and Antifungal Assays. Compounds (+)- and
(−)-1 were tested for the antibacterial activity against two pathogenic
bacteria, the Gram-positive pathogen Staphylococcus aureus and the
Gram-negative pathogen Salmonella typhi, and against two phytopa-
thogenic fungi, Gaeumannomyces graminis and Verticillium cinnaba-
rium. More details about the experimental procedures are provided in
the Supporting Information.

Physical Constants and Spectroscopic Data of Compounds
(+)- and (−)-1. Alternarilactone A (1): initially obtained as a white,
amorphous solid, by using vapor exchange method of acetone and
water in a closed tube, the crystal was obtained after many attempts;
mp 211−212 °C; UV (MeOH) λmax (log ε) 213 (3.62), 270 (3.31),
and 306 (3.07) nm; IR (νmax): 3440, 1738, 1678, 1625, 1385, 1240,
and 1096 cm−1; HRESIMS at m/z 363.1077 ([M + H]+, calcd for
363.1074); 1H and 13C NMR data, see Table 1.

(+)-Alternarilactone A (1): [α]D
22 +44.7 (MeOH, c 0.06); ECD

(MeOH) λmax (Δε) 206 (1.07), 224 (−0.45), 239 (0.22), 249 (−0.1),
272 (0.43), and 300 (−0.21) nm.

(−)-Alternarilactone A (1): [α]D
22 −41.1 (MeOH, c 0.05); ECD

(MeOH) λmax (Δε) 206 (−1.37), 224 (0.52), 239 (−0.27), 249
(0.12), 272 (−0.59), and 300 (0.28) nm.

Crystallographic data for the structures of 1 have been deposited in
the Cambridge Crystallographic Data Centre database (deposition
number CCDC 1817233). Copies of the data can be obtained free of
charge from the CCDC at www.ccdc.cam.ac.uk.

Crystal data for 1: C18H18O8, M = 362.32, monoclinic, a =
9.5170(2) Å, b = 12.0217(3) Å, c = 13.7694(3) Å, α = 90.00°, β =
97.5000(10)°, γ = 90.00°, V = 1561.89(6) Å3, T = 100(2) K, space
group P21/c, Z = 4, μ(Cu Kα) = 1.040 mm−1, 12 341 reflections

Scheme 1. Plausible Biosynthetic Pathway of 1
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measured, 2708 independent reflections (Rint = 0.0519). The final R1
values were 0.0875 (I > 2σ(I)). The final wR(F2) values were 0.2746
(I > 2σ(I)). The final R1 values were 0.0893 (all data). The final
wR(F2) values were 0.2835 (all data). The goodness of fit on F2 was
1.407.
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