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ABSTRACT: Three new sesquiterpenoids (pestaloporonins A−C; 1−3) related to the caryophyllene-derived punctaporonins
were isolated from cultures of a fungicolous isolate of Pestalotiopsis sp. The structures of 1−3 were determined by analysis of
NMR and HRMS data, and the structure of 1, including its absolute configuration, was confirmed by X-ray crystallographic
analysis. Compounds 1 and 2 contain new bicyclic and tricyclic ring systems, respectively.

Fungi have contributed significantly to drug discovery as
valuable sources of natural products with inspiring novel

structures.1,2 Even so, a large portion of the fungal kingdom
remains chemically underexplored.2,3 Our research continues to
focus on studies of targeted fungal niche groups, including
mycoparasitic and fungicolous fungi.4−7 The punctaporonins
(originally called punctatins)8−10 are a series of distinctive
caryophyllene/humulene-type metabolites whose first members
were reported from Poronia punctata. Further punctaporonins
and related caryophyllene-type compounds have since been
encountered from several other fungal sources, including
Chrysosporium pilosum,12 Cytospora sp.,12 Wallemia sebi,13

Hansfordia sinuosae,14 and members of the genus Pestalotiop-
sis.15−17 These compounds often display intriguing ring system
variations that elicit efforts toward total synthesis.11,18−20 Earlier
studies in our laboratory of a fungicolous isolate of Pestalotiopsis
disseminata (NRRL 36915) afforded several new highly oxidized
punctaporonin analogues.17 In the course of our ongoing studies
of fungicolous fungi, three new related analogues having ring
systems or skeletons unprecedented among fungal natural
products were encountered during chemical investigation of
another Pestalotiopsis sp. isolate. Details of the isolation and
structure elucidation of these metabolites are described here.
A fungicolous Pestalotiopsis sp. (MYC-709) was obtained from

the surface of a polypore collected in Georgia. The acetonitrile-
soluble portion of the crude ethyl acetate extract of MYC-709
fermentation cultures was fractionated using silica gel column
chromatography. Repeated purification of the resulting fractions
by reversed-phase HPLC led to the isolation of compounds 1−3.
Compound 121 crystallized from dichloromethane and was

assigned the formula C16H24O5 (five degrees of unsaturation) on
the basis of HRESIMS andNMR data. Analysis of the 1H and 13C

NMR spectra (Table 1) revealed the presence of two
trisubstituted olefin units, two isolated oxymethylene groups,
three oxygenated methines, a methoxy group, two singlet methyl
groups, and a ketone moiety, accounting for three degrees of
unsaturation and requiring a bicyclic structure. Although one of
the oxymethine signals (H-11) appeared as a broad singlet with
no discernible vicinal coupling, COSY correlations of a second
oxymethine (H-10) with H-11 and olefinic proton H-9, as well as
HMBC correlations (Figure 1) of H-11 with C-9 and C-10,
established the C9−C10−C11 unit in 1. In addition, HMBC
correlations from oxymethylene H2-15 to C-8, C-9, and C-11,
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and fromH-11 to C-15, allowed assembly of a six-membered ring
via an ether linkage between C-11 and C-15.
The methoxy signal correlated to C-10, thus locating its

position. In addition to COSY correlations between oxymethine
H-6 and H2-7, HMBC correlations from H2-7 to ketone carbon
C-5, as well as to C-6, C-8, C-9, and C-15, led to assignment of
the C5−C6−C7 unit and its connection to C-8. Linkage of C-5
to quaternary sp3 carbon C-4, which must bear the two singlet
methyl groups, and of C-4 to methylene C-3, was indicated by
HMBC correlations of geminal methyl groups H3-13 and H3-14
with C-3, C-4, and C-5. HMBC correlations of both C-1/C-2
olefinic carbons with H2-3 and H-11 required ring closure at C-
11 to form a bicyclo[7.2.2] ring system as shown. The second
isolated oxymethylene group (CH2-12) was located at C-1 on the
basis of HMBC correlations from H2-12 to C-1, C-2, and C-11,
thereby completing the gross structure of 1. The carbon skeleton
of this new ring system could be envisioned to arise from
modification and cyclization of a humulene-type intermediate, a
proposed biosynthetic precursor of punctaporonins.9 A com-
pound with the same carbon skeleton, but lacking the same
functionality and the bridging ether linkage (humulane), has
been reported from another Pestalotiopsis isolate.16 Given this

background, the name pestaloporonin A was proposed for
compound 1.
The C-1/C-2 olefin of 1 was assigned the E-configuration on

the basis of a NOESY correlation between H-12a and H-3a. The
relative configurations at the three sp3 stereocenters were
assigned based on analysis of further NOESY data (Figure 2)

and later verified by single-crystal X-ray diffraction analysis.22

Evaluation of the Flack parameter23 for the X-ray data allowed
proposal of the absolute configuration as shown (Figure 3).

The molecular formula of compound 224 (pestaloporonin B)
was deduced as C15H24O4 (four degrees of unsaturation) by
analysis of HRESIMS and NMR data. The 1H NMR spectrum of
2 (Table 1) resembled those of the 6-hydroxypunctaporonins.10

However, the presence of two isolated oxymethylene units and
three upfield singlet methyl groups signaled a skeletal change.
HMBC correlations (Figure 4) of geminal methyls H3-13 and

H3-14 with C-3, C-4, and C-5, and of H-3a with C-2, C-4, C-5,
and C-13, enabled establishment of the C2−C3−C4−C5 unit.
The third singlet methyl (H3-9) correlated with C-7, C-8, C-10,
and C-15, forming the C7−C8−C10 unit and linking both CH3-
9 and oxymethylene group CH2-15 to quaternary carbon C-8.
H2-15 showed correlations to C-7, C-8, C-9, and C-10,
reinforcing this connectivity. Correlations observed from H2-7,
a pair of diastereotopic methylene protons that were unresolved
in methanol-d4, to oxygenated quaternary carbon C-5 and
oxymethine C-6, and from H-6 to C-7 and C-8, linked the C2−
C3−C4−C5 and C7−C8−C10 fragments via C-6. In addition,

Table 1. 1H and 13C NMR Data for Compounds 1 and 2 in
Methanol-d4

1 2

no. δC
a δH, mult. (J in Hz)b δC

c δH, mult. (J in Hz)b

1 137.2 141.4
2 131.0 5.38, br d (12.8) 33.4 2.41, br t (9)
3a 43.9 2.77, t (12.8) 39.3 1.79, dd (9.4, 8.5)
3b 1.98, br d (12.8) 1.59, t (9.4)
4 48.2 39.1d

5 217.1c 81.0
6 73.1 4.61, dd (11.0, 4.7) 70.0 3.84, t (3.0)
7a 34.6 2.37, m 34.2 1.34, d (3.0)
7b 2.08, t (11.0)
8 140.9 39.0d

9 122.7 6.05, m 23.5 1.40, s
10 74.0 3.91, d (6.5) 76.6 4.09, d (5.0)
11 73.7 4.46, br s 122.5 5.84, dd (5.0, 1.2)
12a 58.1 4.19, d (12.0) 63.9 3.96, d (13.7)
12b 4.00, d (12.0) 3.94, d (13.7)
13 23.5 1.56, s 24.4 1.26, s
14a 29.3 1.20, s 23.1 1.07, s
14b
15a 65.2 3.82, dd (18.0, 1.8) 71.3 3.20, d (10.7)
15b 3.44, d (18.0) 3.08, d (10.7)
OCH3 56.4 3.41, s

aData collected at 150 MHz. bData collected at 600 MHz.
cAssignments made using HSQC and HMBC data collected at 600
MHz (1H dimension). dAssignments are interchangeable.

Figure 1. Selected HMBC correlations for 1.

Figure 2. Selected NOESY correlations for 1.

Figure 3. ORTEP representation of 1.

Figure 4. Selected HMBC correlations for 2.
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correlations of oxymethine H-10 with olefinic carbons C-1 and
C-11 linked C-10 to the C-1/C-11 olefin unit. The second
oxymethylene (H2-12) correlated with C-1, C-2, and C-11,
enabling attachment of CH2-12 to C-1 and resulting in ring
closure by linking C-1 and C-2.
Since only one π-bond is present, a tricyclic ring system is

required to account for the unsaturation level and was assembled
by analysis of further HMBC correlations. A correlation of H-2
with C-6 allowed connection between C-2 and C-5 to form a
cyclobutane ring, a feature common to most of the
punctaporonins and consistent with the 9.4-Hz geminal coupling
for H2-3.

8,9,17 A strong, key correlation from H-10 to C-5
established the presence of an ether bridge between C-5 and C-
10 to complete structure 2, which represents a second new ring
system. A separate set of HMBC data collected in pyridine-d5
solution were consistent with this assignment.
The relative configuration of 2 was assigned by analysis of

NOESY data (Figure 5) and NMR J-values. H-2 showed a

NOESY correlation to H-6, effectively setting the relative
configuration at C-2, C-5, and C-6, requiring a concave
arrangement of the two six-membered rings, and placing these
two hydrogens on the opposite face relative to the ether bridge.
Small vicinal couplings of both C-7 protons withH-6 (J = 3.0 Hz)
suggested adoption of a chair conformation for the tetrahy-
dropyran ring as shown in Figure 5, with placement of H-6 in an
equatorial orientation. This conformational assignment was fully
consistent with energy minimization results (Spartan 10), as well
as the NOESY data. A NOESY correlation between olefinic
proton H-11 and H-15a allowed assignment of an equatorial
orientation for the C-15 oxymethylene group.
The carbon framework of 2 is different from that of 1 and the

punctaporonins, requiring a skeletal rearrangement. Caryophyl-
lene itself is susceptible to a variety of skeletal rearrangements.25

Interestingly, the only prior examples of compounds having this
carbon skeleton were reported as major products arising from an
apparent Meinwald-type rearrangement of caryophyllene oxide
(and dihydrocaryophyllene oxide) observed upon exposure to
high temperature in the presence of an acid-washed stationary
phase.26 A mechanistically similar process is envisioned to be
involved in formation of 2. Formation of the C2−C5 bond and
rearrangement of the C8−C9−C10 unit in the structure of 2 in a
fashion analogous to this literature precedent would give a
carbon skeleton identical to that of 1, and with positions of
oxygenation that match. The absolute configuration of 2 was
therefore presumed to be analogous to that of 1.
The molecular formula of compound 327 (pestaloporonin C;

C16H24O4) required the same number of unsaturations as 1, but
had one less oxygen atom. 13C NMR data revealed the presence
of three olefin units and a ketone carbon, indicating the presence
of only one ring in this instance. The 1H NMR spectrum of 3

revealed the absence of the geminal dimethyl groups character-
istic of punctaporonin analogues, instead showing signals for a
1,1-disubstituted olefin unit and two olefinic methyl groups.
Analysis of COSY and HMBC data enabled recognition of a
resemblance to the structure of the known caryophyllene-type
metabolite fuscoatrol A (4),28 with data for all positions of the
nine-membered ringmatching closely except for those associated
with C-5. This carbon was clearly a ketone in 3, as opposed to an
oxygenated quaternary sp3 carbon in 4, and its location was
confirmed byHMBC correlations of ketone carbon C-5 with H-2
and H2-7. In addition, HMBC correlations of olefinic methyl H3-
13 with the 1,1-disubstituted olefinic carbons (C-14/C-4) and
methylene C-3 and COSY correlations between H2-3 and
methine H-2 revealed the presence of a 2-methyl-2-propenyl unit
attached to C-2. Thus, 3 differs from fuscoatrol A by cleavage of
the C4−C5 bond and the associated four-membered ring
characteristic of caryophyllene-type metabolites. Fuscoatrol A
(4) and its 6-acetyl derivative (pestalotiopsin B)15 reportedly
show two sets of signals due to the presence of conformational
isomers in solution,24 while only a single set of signals was
observed for 3. Presumably, the additional conformational
flexibility associated with structure 3 led to this spectroscopic
difference. NOESY correlations for the nine-membered ring of 3
match those observed for the major conformer of 4, suggesting
that the relative configurations of these two compounds are
analogous. The absolute configuration of 3 was presumed to be
analogous to that of 1 as shown. However, disconnection of the
cyclobutane unit between C-4 and C-5 is previously undescribed
in this class of metabolites, leading to formation of a new carbon
skeleton in metabolite 3. The absolute configurations of other
caryophyllene-derived fungal metabolites related to compounds
1−3 have been assigned by X-ray crystallographic analysis,
Mosher ester analysis, and/or by enantioselective total synthesis,
with results in each case being analogous to those assigned here
for 1−3.10,12,17,19
Reports of bioactivity for members of this class of compounds

have been limited. Pestalotiopsin B shows immunosuppressive
and cytotoxic activity,15 while various punctaporonin analogues
show modest antibacterial activity and the recently reported
punctaporonin K was found to reduce triglycerides and total
cholesterol in a cellular assay.14,17 Compounds 1−3 were tested
in disk assays29,30 against Staphylococcus aureus, Bacillus subtilis,
Escherichia coli, and Candida albicans at 50 μg/disk, but showed
no effects in these assays.
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