
April 2005 Communications to the Editor Chem. Pharm. Bull. 53(4) 453—455 (2005) 453

∗ To whom correspondence should be addressed. e-mail: sonbw@pknu.ac.kr © 2005 Pharmaceutical Society of Japan

Myrothenones A and B, Cyclopentenone
Derivatives with Tyrosinase Inhibitory
Activity from the Marine-Derived
Fungus Myrothecium sp.

Xifeng LI,a Min Kyung KIM,a Uk LEE,a Se-Kwon KIM,a

Jung Sook KANG,b Hong Dae CHOI,c and 
Byeng Wha SON*,a

a Department of Chemistry, Pukyong National University; Busan
608–737, Korea: b College of Dentistry, Pusan National University;
Busan 602–739, Korea: and c Department of Chemistry, Dongeui
University; Busan 614–714, Korea.
Received January 7, 2005; accepted February 2, 2005

New 3-amino-5-ethenylcyclopentenones, myrothenones A (4)
and B (5), were isolated together with known 6-n-pentyl-aa-py-
rone (1), trichodenone A (2), and cyclonerodiol (3) from the ma-
rine algicolous fungus of genus of Myrothecium. The structure
and absolute stereochemistry of the new compounds were estab-
lished by spectral interpretation and X-ray analysis. Com-
pounds 1 and 4 exhibited a tyrosinase inhibitory activity with
IC50 value of 0.8 and 6.6 mmM, respectively, which are more active
than kojic acid (IC50, 7.7 mmM) currently being used as a func-
tional personal-care compound.
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Marine microorganisms such as bacteria and fungi inhabit
virtually any environment in the sea, and they are the source
of greatest diversity in the sea.1,2) The source of increasing
interests, these microbes have been shown to produce novel
substances with utilities in fine chemicals, drugs and cosmet-
ics, and functional personal-care products.3)

Tyrosinase is known as a key enzyme implicated in the
metabolism of melanin in melanocytes, and it is involved in
skin-coloring and local hyperpigmentation such as melasma,
ephelis, and lentigo.4)

Therefore, the anti-tyrosinase active compounds have been
of great concern as functional personal-care products for
skin-whitening effects and for preventive and therapeutic ef-
fects on the local hyperpigmentation diseases.

In our screening aimed at identifying tyrosinase inhibitors
of microbial origin, we investigated tyrosinase inhibiting ac-
tivity from the fungal extracts, and a significant activity was
observed in three strains (MFA58, 581 and 898). The anti-ty-
rosinase active component of two strains (MFA581 and 898)
was purified by assay-guided isolation to yield the known
kojic acid.5,6)

In a continuing study on the anti-tyrosinase active fungal
strain (MFA58), we found 6-n-pentyl-a-pyrone (1),7) tri-
chodenone A (2),8) cyclonerodiol (3),9) and cyclopentenones
designated as myrothenones A (4) and B (5) produced by the
marine-derived fungus Myrothecium sp. In this paper, the
structure determination of 4 and 5 and tyrosinase inhibitory
activity of 1 and 4 are reported.

The fungal strain (stock #, MFA58) was isolated from the
surface of the marine green alga Enteromorpha compressa
collected at Baegunpo, Busan in 2002. The fungus, identified
to be an Myrothecium sp. by fatty acid methyl ester analy-

sis,10) was cultured (10 l) in a seawater-based medium.11) The
filtered broth was extracted with EtOAc to afford crude ex-
tracts (0.8 g). The extract revealed a significant anti-tyrosi-
nase activity, and it was separated by assay-guided fractiona-
tion using repeated silica gel flash chromatography (n-hexane
in ethyl acetate) and HPLC (ODS-A, MeOH–H2O�5 : 1) to
yield compounds 1 (150 mg), 2 (3.5 mg), 3 (17.0 mg), 4
(8.0 mg), and 5 (8.5 mg).

Myrothenone B (5)12) was isolated as a colorless oil, which
was analyzed for C7H9NO2 (4 unsaturations) by HR-FAB-MS
and 13C-NMR methods. The IR absorption spectrum of 5
showed bands characteristic of a hydroxyl and amino groups
(3390 cm�1) and enone (1630 cm�1) functionality.

The 1H- and 13C-NMR spectra, including distortionless en-
hancement by polarization transfer (DEPT), showed one
monosubstituted double bond, one trisubstituted double bond,
one primary amine, one oxygenated quaternary carbon, one
carbonyl carbon, and one diastereotopic methylene.

The overall NMR data indicated the presence of a trisub-
stituted enone, a 3-hydroxy-3,4-dialkyl-1-butene, and an
amino group. The presence of a 3-aminoenone chromophore
was further supported by UV spectral data [203 nm (log e
3.7), 268 nm (log e 4.0)] and by the characteristic double
bond carbon signals [d 95.8 (d), C-2; 174.7 (s), C-3] located
considerably upfield and downfield, respectively.13)

The connection of functional groups in 5 was achieved on
the basis of 2D NMR, 1H-detected heteronuclear multiple-
quantum coherence (HMQC) and heteronuclear multple-
bond coherence (HMBC), which allowed all carbons and
their respective protons to be assigned. Diagnostic HMBC
from H-2 to C-4 and C-5, and from H2-4 to C-1, C-2, and C-
6, from H-6 to C-1, C-4, and C-5, and from H2-7 to C-5 and
C-6 showed the connections of C1–C5 and C3–C4 in 5. On
the basis of all the foregoing evidence, the structure of my-
rothenone B was proposed as the 3-amino-5-ethenyl-5-hy-
droxy-2-cyclopenten-1-one (5).

To substantiate our presumption and to establish the ab-
solute stereochemistry of myrothenone B (5), the molecular
structure with its absolute configuration of N-(p-bromoben-
zoyl)myrothenone B (5a)14) was determined by the X-ray
crystal structure analysis (Fig. 1).15,16)



Bond distances and angles were all normal. The C-1, C-2,
C-3, and C-4 atoms were in a plane with the maximum devi-
ation of 0.004 Å, and C-5 is displaced toward beta-orienta-
tion from the plane of the other four [diagonal angle: 15.1
(0.5)]. Therefore, the cyclopentenone of 5 shows a typical
envelope geometry.

The absolute configuration of asymmetric center for 5 has
been unambiguously determined to be 5R by refinement of
the Flack parameter.17)

Myrothenone A (4),18) which is a formamide derivative of
5, was obtained as a very unstable colorless oil, and the HR-
FAB-MS and 13C-NMR methods established the molecular
formula to be C8H9NO3. The general features of its UV, IR
and NMR spectra (Table 1) closely resembled those of my-
rothenone B (5), except that additional NMR signals of a
new formamide [dH 8.11 (H-9), dC 164.1 (C-9)] appeared
(Table 1).19) The NMR signals of 4 measured at r.t. were de-
formed because of its instability. So, all the NMR data were
obtained at a low temperature (�50 °C).

Detailed analyses of the 1H- and 13C-NMR spectra of 4, in-
cluding the results from DEPT, HMQC, and HMBC experi-
ments, suggested the metabolite (4) is a formamide deriva-
tive of 5. The key HMBC correlation from H-9 to C-3 was
critical in establishing the location of aldehyde of 4 as
shown.

On the basis of these data, the structure of myrothenone A
was proposed as the 5-ethenyl-3-formamido-5-hydroxy-2-cy-
clopenten-1-one (4). In order to clarify the structure of 4, we
synthesized 4 from myrothenone B (5) and formic acid using
1,3-dicyclohexylcarbodiimide (DCC) as a base.20,21) The
spectral data of synthetic compound were identical to those
of myrothene B (5) in all aspects. Accordingly, the absolute
stereostructure of myrothenone A was determined as 5(R)-5-
ethenyl-3-formamido-5-hydroxy-2-cyclopenten-1-one (4).

Vinylcyclopentenone analogues have been reported as the
artifact22) and the conjugated adduct,23) but natural products
of this class having amino group (4, 5) are very rare exam-
ple.

6-n-Pentyl-a-pyrone (1) and myrothenone A (4) exhibited
a tyrosinase inhibitory activity with ED50 value of 0.8 and
6.6 mM, respectively, which are more active than kojic acid
(ED50, 7.7 mM) currently being used as a functional personal-

care compound.
The further biological evaluation of 1, 2, 3, 4, and 5 is in

progress.
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Table 1. NMR Data for Myrothenone A (4) and Myrothenone B (5)

4a) 5b)

C#
dH (mult., J) dC (mult.) dH (mult., J) dC (mult.)

1 205.1 (s) 200.5 (s)
2 4.97 (s) 98.2 (d) 4.70 (s) 95.8 (d)
3 180.6 (s) 174.7 (s)
4 2.64 (d, 7.5) 44.9 (t) 2.45 (d, 17.1) 42.7 (t)

2.86 (d, 7.5) 2.61 (d, 17.1)
5 80.6 (s) 78.1 (s)
5-OH 5.20 (br s)
6 5.83 (dd, 17.1, 10.6) 141.5 (d) 5.76 (dd, 17.2, 10.5) 141.5 (d)
7 5.18 (dd, 10.6, 1.3) 115.1 (t) 5.00 (dd, 10.5, 1.7) 112.3 (t)

5.41 (dd, 17.1, 1.3) 5.20 (dd, 17.2, 1.7)
8 7.30 (br s)

7.56 (br s)
9 8.11 (s) 164.1 (d)

a) Recorded in CD3OD at 400 MHz (1H) and 100 MHz (13C) at �50 °C. b) Recorded in DMSO-d6 at 400 MHz (1H) and 100 MHz (13C).

Fig. 1. An ORTEP III16) Drawing of p-Bromobenzoate (5a)

Displacement ellipsoids are drawn at 30% probability level.
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