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Trisorbicillinone A, a novel sorbicillin trimer, from a deep
sea fungus, Phialocephala sp. FL30r
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Abstract—A novel sorbicillin trimer, trisorbicillinone A (1), was isolated from a deep sea fungus, Phialocephala sp. FL30r. The
structure and relative stereochemistry of 1 were determined based on spectroscopic methods. Trisorbicillinone A (1) showed cyto-
toxicity against P388 and HL60 cells with the IC50 value of 9.10 and 3.14 lM, respectively.
� 2007 Elsevier Ltd. All rights reserved.
HO O

O
OH

O

O
HO

H
H

H

1

23

4
5 6

7

89

10

11

14

15
16 17

18
19

20

20a

2627
29

32
Sorbicillinoids and bisorbicillinoids are metabolites that
have been found in a variety of fungi and have attracted
great attention for their novel dimeric structures pro-
duced by two similar biosynthetic pathways and their
interesting biological activities such as antifungal, anti-
tumor and antioxidative activities.1 In our search for novel
antitumor compounds from marine-derived microorgan-
isms, a fungal strain FL30r, authenticated as Phialocep-
hala sp., was obtained from an underwater sample
(depth 5059 m). Its extract exhibited cytotoxicity against
the K562 cell line. Investigation of the active constituents
of this fungus led to the isolation of a novel sorbicillin tri-
mer, which we named trisorbicillinone A (1),2 together
with two new bisorbicillinoids (oxosorbiquinol (E) and
its dihydro derivative).2 To date, many bisorbicillinoids
natural products have been isolated from a few fungal
genera and most of them have unique dimeric structures
formed by a postulated Michael addition and Diels–
Alder reaction. To the best of our knowledge, trisorbicil-
linone A (1) is the first example with the novel trimeric
sorbicillin skeleton. In this Letter, we describe the isola-
tion, structure elucidation and cytotoxicity of 1.
0040-4039/$ - see front matter � 2007 Elsevier Ltd. All rights reserved.
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The producing strain was cultured and the fermentation
was carried out as follows. A small spoon of spores
growing on PDA slant was inoculated into a 250 mL
Erlenmeyer flask containing 75 mL sea-water based cul-
ture medium and cultured at 28 �C for 2 days on a
rotary shaker at 120 rpm. Then, 10 mL of the resultant
seed culture was inoculated into 450 · 500 mL Erlen-
meyer flask each containing 150 mL of the above culture
medium and incubated for 10 days at the same condi-
tions (Fig. 1).
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Figure 1. The structure of trisorbicillinone A (1).
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Figure 2. Partial structures a–c in 1 and its selected HMBC and 1H–1H
COSY data.
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Seventy liters of the whole broth gave a crude ethyl ace-
tate extract (50.0 g), which was subjected to silica gel
column chromatography using petroleum ether–ethyl
acetate (20:1–1:1) and followed by Sephadex LH-20
eluted with chloroform–methanol 1:1. Further purifica-
tion was carried out using HPLC on a ODS semi-pre-
parative column (YMC-Park ODS-A, 10 · 250 mm,
5 lm, 4 mL/min) gradient eluted with 80–90% of meth-
anol/water containing 0.3% TFA to obtain trisorbicilli-
none A (1) (6.5 mg).

Compound 1 was obtained as brown syrup. The mole-
cular formula was determined as C42H48O13 (19 degrees
of unsaturation) by HRESIMS (obsd [M�H]�at m/z:
759.3043, Calcd: [M�H]�: 759.3017).2 The IR absorp-
tions at 3439, 1729 and 1620 cm�1 indicated the pres-
ence of hydroxyl, carbonyl and enolized b-diketone
groups. The presence of hydroxyls was confirmed by
the existence of three exchangeable downfield protons
which have chemical shifts at dH 14.15 (s), 16.35 (s)
and 17.89 (s) in the 1H NMR spectrum.4–6 Analysis of
the combined 1D spectral data established that 1 pos-
sessed three vinyl methyls (CH3-14, CH3-17 and CH3-
32), five disubstituted double bonds (C-10 to C-13,
C-15 to C-16 and C-28 to C-31) and two methines (C-
7 and C-8), which suggested the presence of three sorbyl
side chains (one of the double bonds was substituted).6

This was in agreement with the COSY and HMBC data
and the structure of three fragments (a–c) was assigned
(Fig. 2). The 13C NMR spectrum of 1 revealed forty-two
carbon signals (C-2 and C-26 of which were super-
posed), implying that 1 was a sorbincillin trimer, which
was consistent with the molecular formula.

Further analysis and comparison of 1D NMR data with
the isolated bisvertinolone (D) and oxosorbiquinol (E)
from this strain resulted in two key moieties, hydro-
dibenzofuran4,6–8 and bicyclo [2,2,2] octane.3,9,10 The
Table 1. 1H (600 MHz) and 13C (125 MHz) NMR data of trisorbicillinone A

No dC dH (J in Hz) HMBC (H!C) Position

1 62.9 s 21a
2 197.4 s
3 107.4 s 23
4 44.4 d 3.55 (br s) 2, 3, 5, 6, 7, 9 24
5 76.2 s 24a
6 210.8 s 25
7 51.3 d 2.73 (dd, 9.4, 7.6) 6, 8, 15, 18 25a
8 45.2 d 4.42 (d, 7.2) 3, 4, 7, 15, 18 26
9 169.3 s 27
10 118.1 d 6.11 (d, 14.9) 9, 12 28
11 140.1 d 7.32 (m) 9 29
12 131.0 d 6.21 (m) 30
13 140.0 d 6.18 (m) 31
14 19.0 q 1.87 (d, 6.6) 13 32
15 128.3 d 4.96 (dd, 14.3, 10.9) CH3-1
16 129.8 d 5.30 (m) 17 CH3-5
17 17.6 q 1.55 (d, 3.7) 15, 16 CH3-20
18 202.6 s CH3-23
19 110.0 s CH3-24
20 195.8 s CH3-25
20a 57.9 s OH-9
21 99.3 s OH-20
22 191.1 s OH-27
hydrodibenzofuran moiety clearly contained two eno-
lized carbonyls, five sp2 carbons (two of which were eno-
lic carbons), three sp3 oxygenated quaternary carbons
(one was a hemiacetal carbon), one methine, and four
methyls, which were further verified by the HMBC
experiment (Table 1). The connectivity of substructure
a (one of the sorbyl side chains) to C-21 of the hydro-
dibenzofuran core through C-27 was supported by the
key HMBC correlations from OH-27 to C-21, C-27
and C-28, and from H-21a to C-21 and C-27. The above
analysis indicated that this moiety had the same struc-
ture as bisvertinolone except for the difference of the
sorbyl side chain at C-19.

The second key structure unit was the bicyclo [2,2,2]
octane3,9,10 moiety formed by C-1 through C-8. The
HMBC correlations from H-7 to C-6 and from H-8 to
(1) in CDCl3

dC dH (J in Hz) HMBC (H!C)

53.7 d 3.81 (s) 20, 20a, 21, 22, 24, 24a,
27, CH3-20a, CH3-24a

110.8 s
163.4 s
79.6 s
79.0 s
103.8 s
197.4 s
170.6 s
119.7 d 6.38 (d, 14.9) 27, 30
142.8 d 7.30 (m)
130.9 d 6.30 (dd, 14.3, 12.1)
138 d 6.15 (m) 32
18.8 q 1.88 (d, 6.6) 30
10.0 q 1.09 (s) 1, 2, 6, 7
24.3 q 1.28 (s) 4, 5, 6

a 18.5 q 1.45 (s) 20, 20a, 21a, 25a
7.5 q 1.47 (s) 22, 23, 24

a 25.5 q 1.45 (s) 21a, 24a, 24
22.5 q 1.32 (s) 25, 25a, 26

14.15 (1H, s) 3, 9, 10
17.89 (1H, s)
16.35 (1H, s) 21, 27, 28
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C-3 and C-4 indicated that C-7 and C-8 of substructure
b, as part of a substituted cyclohexanone ring, were con-
nected to C-1 and C-4, respectively, of the bicyclo [2,2,2]
octane moiety. The connectivity of substructure c to C-3
via C-9 was confirmed by the key HMBC correlations
from OH-9 to C-3, C-9 and C-10, and from H-4 to C-3
and C-9. The NMR data of this moiety were very similar
to those of oxosorbiquinol (E).3 Finally, the HMBC cor-
relations from H-7 and H-8 to C-18 and the characteris-
tic chemical shifts of the three carbons of the enolized b-
diketone (dC 202.6, 195.8 and 110.0) of bisvertinolone4,6–8

unambiguously suggested that the two main moieties of
1 were connected through C-18 at C-8 and C-19. This
completed the planar structure of 1.

The E, E configurations of the double bonds in the three
sorbyl residues were evident from the large coupling
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Figure 3. Key NOESY correlations for 1.

OH

HO

O

A (sorbicillion)

OH

O

O

HO
B (sorbicillin

O
O

OH

HO
OH

O
HO

H

O
HO

O
O

OH

OHO OH

O
HO

H

HO

[4+2]

1

3
1

B + C

B

D (bisvertinolone)

Figure 4. Proposed biogenetic pathway of trisorbicillinone A (1).
constants (Table 1) and were further confirmed by the
correlations of H-14 with H-12, H-13 with H-11, H-12
with H-10, H-15 with H-17, H-28 with H-30, and H-
29 with H-31 in the NOESY spectrum (Fig. 3).

The relative stereochemistry of 1 was established by
NOESY experiments (Fig. 3). The H-4 and CH3-1 were
located on the equatorial position of the bicyclo [2,2,2]
moiety, which was in the boat form.11 The cross peaks
observed between H-4 and CH3-5, and between CH3-1
and H-7 in the NOESY spectrum demonstrated that
those groups were on the equatorial bond of the ring.
The J7,8 = 7.2 Hz implied that H-8 was trans to H-7
(the coupling constant over 10 Hz in the cis form).11

The cross peaks between H-21a and CH3-20a, between
CH3-20a and CH3-25, and between CH3-20a and CH3-
24a suggested that they were on the same side. There-
fore, the relative stereochemistry of 1 was constructed
as shown in Figure 3.

The configuration of OH-25a in 1 should be identical
with bisvertinolone from the point of biogenesis.6,12

Abe et al.12 proved that OH-25a was cis to CH3-20a,
based on the elucidation of the biosynthesis of bisverti-
nolone from oxosorbicillinol and sorbicillinol. So we
assigned OH-25a as cis to CH3-20a in 1.

Compound 1 was likely biosythesized (Fig. 4) from three
molecules of sorbicillinol by [4+2] cycloadditions or
Michael addition sequences that are similar to what was
proposed for bisvertinolone (D)6,8 and sorbiquinol.3,9

The two key intermediates, bisvertinolone (D) and
oxosorbiquinol (E), have been isolated in the culture of
this strain. Since the configuration at C-6 of sorbicillinol
ol)
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Table 2. The cytotoxic activities of trisorbicillinone A (1)

Cell line P388 A549 HL60 BEL7402 K562

IC50 (lM) 9.10 >100 3.14 60.28 30.21
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or oxosorbicillinol did not change in the two reac-
tions,13 therefore, the configurations at C-5, 24a and
C-25 of 1 remain the same. This Diels–Alder reaction
between a sorbyl chain and a hexacyclic ring of sorbicillin
is rare in nature. Only one bisorbicillinoid, sorbiquinol,9

has been isolated from a fungus, Trichoderma longibr-
achiatum, while trisorbicillinone A (1) is a unique struc-
ture as a sorbicillin trimer.

The cytotoxic activities of trisorbicillinone A (1) were
preliminarily evaluated using P388, A549, HL60,
BEL7402 and K562 cell lines by the MTT method.14

The result revealed that the cytotoxitiy of 1 was cell type
dependent (Table 2).
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