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Phellinins A1 and A2, new styrylpyrones from the
culture broth of Phellinus sp. KACC93057P: II.
Physicochemical properties and structure elucidation
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In a continuous search for novel styrylpyrones from the culture broths
of Phellinus isolates using HPLC analysis and free radical scavenging
activity, we found that Phellinus sp. KACC93057P produced new
styrylpyrones, phellinins A1 and A2 (Figure 1), together with the
known compounds, hispidin and 1,1-distyrylpyrylethan. Phellinin A
(1) was identified as a mixture of isomers (A1 and A2) with the same
ratio by NMR experiments. These compounds were structurally
related to siccanochromene A and cyclorenierins,1,2 which are terpenes
from the fungus Helminthosporium siccans and the sponge Haliclona
sp., respectively. The identification and fermentation of the producing
microorganism Phellinus sp. KACC93057P, in addition to the isolation
and antioxidant activity of 1, were described in an earlier paper.3 This
report describes the physicochemical properties and structure deter-
mination of 1 using spectroscopic methods including NMR and mass
spectrometry.
The physicochemical properties of 1 are summarized in Table 1.

Compound 1 was isolated as an orange powder. It was readily soluble
in dimethyl sulfoxide and methanol, poorly soluble in CHCl3 and water,
and insoluble in hexane. Compound 1 had UV absorption maxima at
257 and 391nm, which suggested the presence of a characteristic
styrylpyrone moiety. The bands at 3444 and 1635cm�1 in the IR
spectrum indicated the presence of a hydroxyl group and conjugated
carbonyl moiety, respectively. The ESI-mass measurements in the positive
and negative modes revealed its molecular mass to be 448. The molecular
formula of 1 was determined to be C28H32O5 by high-resolution EI-mass
data (Table 1).
The 1H NMR spectrum of 1 revealed two sets of signals at d 0.91

and 0.92, 0.81 and 0.82, 1.42 and 1.43, 5.44 and 5.48, and 6.39 and
6.40 in the same ratio of intensity, which suggested that 1 was
a mixture of two components, A1 and A2, and the mixture could not
be separated by HPLC. Thus, a structure analysis of the mixture of A1
and A2 was conducted using NMR. The proton peaks of A1 and A2 in

the aromatic region between d 6.77 and 7.4 perfectly overlapped each
other, whereas the methyl groups and sp2 methines between d 4.5 and
5.5 appeared as two set of signals. First, we attempted to elucidate the
structure of one of the components of the A1/A2 mixture. The 1H
NMR spectrum revealed signals attributable to three aromatic protons
from a 1,2,4-trisubstituted phenyl moiety at d 6.77 (d, J¼8.4Hz), 6.95
(dd, J¼1.2, 8.4Hz) and 7.02 (d, J¼1.2Hz), a methine singlet at d 6.14,
a trans-disubstituted double bond unit at d 6.59 (d, J¼15.9Hz) and
7.30 (d, J¼15.9Hz), a cis-disubstituted double bond unit at d 5.44
(d, J¼10.5Hz) and 6.39 (d, J¼10.5Hz), a terminal methylene protons
at d 4.55 (br, s) and 4.79 (br, s), five methylenes at d 1.50–2.10 that
significantly overlapped each other, and three methyl singlets at d 0.81,
0.91 and 1.42 (Table 2). In the 13C NMR spectrum, many peaks in the
aromatic/olefin region were overlapped between the two components,
and thus showed a high intensity relative to the separated peaks.
However, several methylenes between d 21 and 42 appeared as two sets
of peaks. The heteronuclear multiple quantum coherence (HMQC)
spectrum identified all proton-bearing carbons and the 1H–1H COSY
spectrum revealed three partial structures, as shown in Figure 2. The
connectivity of the partial structures was determined with the aid of
the heteronuclear multiple bond coherence (HMBC) spectrum, as
shown in Figure 2. The styrylpyrone moiety was assigned by the
long-range correlations from H-8 to C-4a, C-7, C-8a and C-1¢¢, H-1¢¢
to C-7, C-8 and C-3¢¢, H-2¢¢ to C-7, C-4¢¢ and C-8¢¢, H-7¢¢ to C-3¢¢,
C-5¢¢ and C-6¢¢, and H-8¢¢ to C-2¢¢, C-4¢¢ and C-6¢¢. These proton and
carbon chemical shift values were in good agreement with the
corresponding proton and carbon chemical shifts of hispidin, a
representative styrylpyrone compound.4 In combination with 1H–1H
COSY data, the long-range correlations from two methyl singlets at
H-10¢ and H-11¢ to C-3¢, C-4¢ and C-5¢ revealed the presence of a
1,1-dimethyl-3-methylene-2-ethylcyclohexane moiety. Long-range corre-
lations of H-4 to C-2, C-5 and C-8a, and H-12¢ to C-2, C-3 and C-1¢
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linked all partial structures. By a process of elimination, C-2 and C-8a
were connected by an ethereal linkage, which consequently formed a
2-methylpyran moiety. In addition, HMBC correlations from H-5¢ to
C-4¢, C-10¢ and C-11¢, H-9¢ to C-3¢ and C-5¢, and H-2¢ to C-2 and C-
4¢ were evident. Therefore, on the basis of its structure, this compound
was definitively shown to be a new styrylpyrone compound.
The molecular weight of the other component was the same as the

one described above and its 1H and 13C NMR peaks overlapped
significantly with the corresponding signals of the above component,
suggesting that this component was an isomer. In the 1H NMR
spectrum, the signals from the styrylpyrone moiety, such as the three
aromatic protons attributed to a 1,2,4-trisubstituted phenyl moiety at
d 6.77 (d, J¼8.4Hz), 6.95 (dd, J¼1.2, 8.4Hz) and 7.02 (d, J¼1.2Hz),
a methine singlet at d 6.14 and a trans-disubstituted double bond unit
at d 6.59 (d, J¼15.9Hz) and 7.30 (d, J¼15.9Hz), were observed, and
these signals completely overlapped with the corresponding signals of
the other component. However, the signals from the cis-disubstituted
double bond at d 5.48 (d, J¼10.5Hz) and 6.40 (d, J¼10.5Hz) and
three singlet methyls at d 0.82, 0.92 and 1.43 were slightly different

from those of the earlier component in regard to their chemical shifts
(Table 2). In the 13C NMR spectrum, all carbon peaks except for C-2,
C-3, C-4, C-4¢ and C-12¢ overlapped with those of the earlier
component. The 1H–1H COSY spectrum revealed that the structure
of this component was identical to the one described above, as shown
in Figure 2. The long-range correlations from H-4 to C-2 and from
H-10¢ and H-11¢ to C-3¢, C-4¢ and C-5¢ confirmed that its planar
structure was the same as that of the above structure.
To establish the relative stereochemistry and complete NMR assign-

ments, we measured the NOESY spectrum. However, the significant
overlapping of signals and very close corresponding signals of both
components prevented us from being able to accurately interpret the
NOESY spectrum. Phellinin A is a mixture of stereoisomers and these
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Figure 1 Structures of phellinins A1 and A2 (1), cyclorenierins A and B,

and siccanochromene A.

Table 1 Physicochemical properties of 1

Appearance Orange powder

Molecular weight 448

Molecular formula C28H32O5

ESI mass (m/z)

In negative mode 447.6 [M–H]�

HR-EI mass (m/z)

Found 448.2250

Calcd 448.2250

UV lmaxnm (log e)

206 (4.16)

257 (3.82)

391 (4.07)

IR nmax(KBr) cm
�1

3444, 1635, 1458

Table 2 1H and 13C NMR spectral data for 1 in CD3OD
a

No. dC dH

2 84.6/84.5

3 126.0/125.9 5.48/5.44 (1H, d, J¼10.5)b

4 117.43/117.40 6.40/6.39 (1H, d, J¼10.5)

4a 99.4

5 163.9

7 161.4

8 101.1 6.14 (1H, s)

8a 166.7

1¢ 41.6 1.57 (1H, m), 1.35 (1H, m)

2¢ 21.5 1.60 (1H, m), 1.50 (1H, m)

3¢ 55.4 1.65 (1H, m)

4¢ 35.9/35.8

5¢ 37.2 1.45 (1H, m), 1.19 (1H, m)

6¢ 24.7 1.50 (2H, m)

7¢ 33.4 2.02 (2H, m)

8¢ 150.4

9¢ 110.0 4.79 (1H, br s), 4.55 (1H, br s)

10¢ 28.8 0.92/0.91 (3H, s)

11¢ 26.7 0.82/0.81 (3H, s)

12¢ 27.9/27.8 1.43/1.42 (3H, s)

100 116.8 6.59 (1H, d, J¼15.9)

200 137.4 7.30 (1H, d, J¼15.9)

300 128.9

400 114.9 7.02 (1H, d, J¼1.2)

500 146.8

600 148.8

700 116.6 6.77 (1H, d, J¼8.4)

800 122.1 6.95 (1H, dd, J¼8.4, 1.2)

aNMR data were recorded at 400MHz for proton and at 100MHz for carbon.
bProton resonance integral, multiplicity and coupling constant (J¼Hz) are in parentheses.
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Figure 2 Key correlations in HMBC and 1H-1H COSY experiments of

compound 1.
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compounds possess two chiral centers at C-2 and C-3¢. Two sets of 1H
and 13C NMR peaks should be derived from the a- and b-configura-
tion of C-2 relative to C-3¢. Therefore, we designated phellinin A1 as
the a-configuration and phellinin A2 as the b-configuration.
Several compounds possessing closely related structures have been

identified earlier, including siccanochromene A from the pathogenic
fungus H. siccans1 and cyclorenierins A and B from the sponge
Haliclona sp.2 Cyclorenierins A and B, sesquiterpenoid quinols, were
obtained as a mixture of inseparable a and b isomers, respectively. The
comparison of phellinin A with siccanochromene A made it possible
to propose a biogenetic pathway.5 The siccanochromene A was
assumed to be a possible intermediate in the biosynthesis of the
terpenoid, siccanin. The proposed biosynthesis of siccanochromene A
was supported by experiments with both cell-free and intact cell
systems of H. siccans Drechsler from farnesyl pyrophosphate (2).6

As depicted in Figure 3, the biosynthesis of trans-g-monocyclofarnesyl
pyrophosphate (3) is believed to proceed stereoselectively by cycliza-
tion of trans,trans-farnesyl pyrophosphate (2). Hispidin (4) was
shown to be synthesized from phenylalanine through a cinnamyl
derivative that was combined with malonate through the polyketide
pathway in a cultured fungal strain.7,8 The condensation of trans-g-
monocyclofarnesyl pyrophosphate with hispidin would yield com-
pound 5, and the oxidative and nonstereoselective cyclization of 5
might form isomers of phellinin A (1). To the best of our knowledge,
this is the first case of condensation of hispidin and of an isoprene unit

and represents a new group of a natural polyketide-isoprenoid hybrid
compound with antioxidant activity.
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Figure 3 Proposed biosynthesis of phellinins A1 and A2 (1).
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