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NEW  METABOLITE  ISOLATED  FROM  THE  FUNGUS  Monascus  pilosus
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A new isochroman analogue, named monascuspilorin (1), was obtained from the n-BuOH-soluble fraction
of the 95% EtOH extract of red mold rice fermented with the fungus Monascus pilosus BCRC 38072
(Eurotiaceae). The structure of the new compound was elucidated by comprehensive spectroscopic analysis,
especially HR-ESI-MS and NMR experiments.
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The genus Monascus (family Monascaceae, class Ascomycetes) comprises five representative species: M. pilosus,
M. purpureus, M. ruber, M. kaoliang, and M. anka [1, 2]. Red yeast rice, which is also known as red fermented rice and red
mold rice, is produced by growing Monascus sp. on rice to produce a red-colored product. Red yeast rice is obtained by the
fermentation of rice with fungi of the genus Monascus, mainly M. pilosus, M. purpureus, and M. anka, to produce a red-colored
product [1]. Red fermented rice has been used as a traditional food additive for improving the color of meat, fish, and soybean
products, and is also described to have conserving properties in oriental countries for centuries. Fungi of the genus Monascus
are known to produce several secondary metabolites, including (I) a group of antihypercholesterolemic agents that include
monacolin K and a hypotensive agent, �-aminobutyric acid (GABA) [3], (II) a group of pigments (orange pigments,
monascorubrin and rubropunctanin; yellow pigments, ankaflavin and monascin; and red pigments, monascorubramine and
rubropuctamine) [4], (III) antioxidant compounds including dimerumic acid [5] and 3-hydoxy-4-methoxybenzoic acid [6],
and (IV) antibacterial compounds including pigments and citrinin [4, 7]. Recently, there have also been many reports on these
secondary metabolites [8–19]. Careful examination on the n-BuOH-soluble fraction of a 95% EtOH extract of the red mold
rice produced by Monascus pilosus led to the isolation of a new isochroman analog, monascuspilorin (1). We herein reported
on the isolation and structure elucidation of the new metabolite.

Compound 1 was obtained as an optically active oil with [�]D
22 –115.8� (c 0.075, MeOH). The molecular formula was

determined as C25H40O7 on the basis of the [M + Na]+ peak at m/z 475.2672 (calcd for C25H40NaO7, 475.2677) in its HR-ESI-MS.
The UV absorption (�max 275 nm) and the exhibition of a bathochromic shift in alkaline solution suggested the presence of a
phenolic isochroman skeleton [20]. The bands at 3430, 1585, and 1470 cm–1 in the IR spectrum revealed the presence of OH
groups and the benzene ring. Six indices of hydrogen deficiency (IHD) were determined from the molecular formula,
13C NMR (Table 1), and DEPT spectra.
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The 1H NMR/13C NMR spectra of 1 (Table 1) showed signals of an n-octyl moiety [�H 0.92 (3H, t, J = 7.5 Hz, CH3-16),
1.38–1.42 (10H, br.s, CH2-11–15), 1.48/1.62 (each 1H, m, H-10b, 10a), 1.65 (2H, m, CH2-9); �C 14.0 (C-16), 23.7 (C-15),
33.1 (C-14), 29.6 (C-13), 29.7 (C-12), 29.5 (C-11), 25.8 (C-10), and 37.2 (C-9)]. Signals of two Me groups attached to
aromatic rings were detected at �H 2.04 (3H, s, CH3-17) and 2.17 (3H, s, CH3-18), and this finding was further supported by
two peaks in the 13C NMR spectrum, �C 12.0 (C-17) and 10.4 (C-18). One nonequivalent methylene proton at �H 2.40 (1H, dd,
J = 16.1, 12.0 Hz, H-3�), 2.65 (1H, dd, J = 16.1, 3.0 Hz, H-3�), and �C 33.5 (C-3), an oxymethine at �H 3.58 (1H, m, H-2) and
�C 76.5 (C-2), and one nonequivalent oxymethylene at �H 4.60/4.95 (each 1H, d, J = 14.0 Hz, CH2-8) and �C 66.7 (C-8) were
also observed.

In addition, individual sugar protons (rhamnosyl unit) were deduced using COSY and HSQC experiments [�H 1.33
(3H, d, J = 6.5 Hz, CH3-6	), 3.44 (1H, dd, J = 9.6 Hz, H-4	), 3.82 (1H, dd, J = 9.6, 3.6 Hz, H-3	), 4.04 (1H, dq, J = 9.6, 6.5 Hz,
H-5	), 4.18 (1H, dd, J = 3.6, 2.2 Hz, H-2	), 4.81 (1H, d, J = 2.2 Hz, H-1	); �C 18.0 (C-6	), 71.6 (C-5	), 72.4 (C-4	), 73.2 (C-3	),
72.0 (C-2	), 107.2 (C-1	)]. The glycosidic bond was �-oriented according to the small coupling constant (J = 2.2 Hz) of the
anomeric proton at � 4.81. The 1H, 13C NMR (Table 1), and DEPT spectra exhibited signals for four primary carbons � 10.4
(C-18), 12.0 (C-17), 14.0 (C-16), and 18.0 (C-6	), nine secondary carbons including one O-bearing, � 66.7 (C-8), 37.2 (C-9),
33.5 (C-3), 29.5 (C-11), 25.8 (C-10), 29.7 (C-12), 29.6 (C-13), 33.1 (C-14), and 23.7 (C-15), six tertiary methines including
one hemiacetal � 107.2 (C-1	), 76.5 (C-2), 72.0 (C-2	), 72.4 (C-4	), 73.2 (C-3	), and 71.6 (C-5	), and six quaternary carbons
� 153.2 (C-5), 154.2 (C-7), 131.7 (C-3a), 120.6 (C-7a), 121.0 (C-4), and 117.5 (C-6). The 1H, 13C NMR, and DEPT spectra
indicated that the structure of 1 has a fully substituted benzene ring. The COSY spectra (Fig. 1) showed the contacts between
the fragments of n-octyl and the rhamnosyl moeity of 1.

TABLE 1. 1H (600 MHz) and 13C NMR (150 MHz) Data for Compound 1 (methanol-d4, �, ppm, J/Hz)

C atom �H �C C atom �H �C 

2 3.58 (m) 76.5 d 12 1.38–1.42 (2H, br.s) 29.7 t 
3 2.40 (1H, dd, J = 16.1, 12.0); 33.5 t 13 1.38–1.42 (2H, br.s) 29.6 t 
 2.65 (1H, dd, J = 16.1, 3.0)  14 1.38–1.42 (2H, br.s) 33.1 t 

3a – 131.7 s 15 1.36–1.42 (2H, br.s) 23.7 t 
4 – 121.0 s 16 0.92 (3H, t, J = 7.5) 14.0 q 
5 – 153.2 s 17 2.04 (3H, s) 12.0 q 
6 – 117.5 s 18 2.17 (3H, s) 10.4 q 
7 – 154.2 s 1	 4.81 (1H, d, J = 2.2) 107.2 d 
7a – 120.6 s 2	 4.18 (1H, dd, J = 3.6, 2.2) 72.0 d 
8 4.60 (1H, d, J = 14.0); 66.7 t 3	 3.82 (1H, dd, J = 9.6, 3.6) 73.2 d 
 4.95 (1H, d, J = 14.0)  4	 3.44 (1H, dd, J = 9.6, 9.6) 72.4 d 
9 1.65 (2H, m) 37.2 t 5	 4.04 (1H, dq, J = 9.6, 6.5) 71.6 d 

10 1.48 (1H, m); 1.62 (1H, m) 25.8 t 6	 1.33 (3H, d, J = 6.5) 18.0 q 

11 1.38–1.42 (2H, br.s) 29.5 t    
 

Fig. 1. The structure and key COSY and
HMBC correlations of 1.
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Further confirmation by the HMBC correlations (Fig. 1) of CH2-3/C-2, C-4, C-9, C-3a, C-7a, and CH2-8/C-2, C-7,
C-3a, and C-7a, verified the main skeleton of 1. The location of the n-octyl moiety attached at C-2 was determined by the
HMBC experiment, in which cross-peaks were observed between CH2-3/C-9 and H-2/C-10. The �-orientation O-linkage of
the rhamnosyl part and the main skeleton via C-7 was demonstrated by the corresponding HMBC correlations of H-1	/C-7, as
shown in Fig. 1. By further analyses of the HSQC, HMBC, and COSY spectra, the proton and carbon signals were assigned
unambiguously, which resulted in the establishment of the planar structure for compound 1.

The relative configuration of compound 1 was established via ROESY data and Chem3D modeling. The �-orientation
of the n-octyl unit at C-2 was deduced from the observation of the quasi-1,3-diaxial interactions between H�-2 and H�-8. From the
above data, compound 1 was unambiguously characterized as rel-(2S)-4,6-dimethyl-2-octyl-7-O-�-L-rhamnosylisochroman-5-ol,
named monascuspilorin, and its structure was established as 1, which was further confirmed by COSY and HMBC (Fig. 1).

EXPERIMENTAL

General Experimental Procedures. Optical rotations were measured on a Jasco P-1020 digital polarimeter,
UV spectra were obtained on a Jasco UV-240 spectrophotometer in MeOH, and IR spectra (KBr or neat) were taken on a
PerkinElmer System 2000 FT-IR spectrometer. 1D (1H, 13C, DEPT) and 2D (COSY, ROESY, HSQC, HMBC) NMR spectra
using CDCl3 as solvent were recorded on Varian VNMRS 600 (600 MHz for 1H NMR, 150 MHz for 13C NMR) spectrometers.
Chemical shifts were internally referenced to the solvent signals in methanol-d4 (1H, � 3.31; 13C, � 49.0) with TMS as the
internal standard. Low-resolution ESI-MS spectra were obtained on an API 3000 (Applied Biosystems), and high-resolution
ESI-MS spectra on a Bruker Daltonics APEX II 30e spectrometer. Low-resolution EI-MS spectra were recorded on a Quattro
GC/MS spectrometer having a direct inlet system. Silica gel (70–230, 230–400 mesh) (Merck) was used for column
chromatography, and silica gel 60 F-254 (Merck) was used for TLC and preparative TLC.

Fungus Material. Monascus pilosus BCRC 38072 was used throughout this study, and specimens were deposited at
the Bioresource Collection and Research Center (BCRC) of the Food Industry Research and Development Institute (FIRDI).
M. pilosus was maintained on potato dextrose agar (PDA, Difco). The strain was cultured on PDA slants at 25�C for 7 days,
and the spores were harvested by sterile water. The spores (5 
 105) were seeded into 300 mL shake flasks containing 50 mL
RGY medium (3% rice starch, 7% glycerol, 1.1% polypeptone, 3.2% soybean powder, 0.2% MgSO4, 0.2% NaNO3) and
cultivated with shaking (150 rpm) at 25�C for 3 days. After the mycelium enrichment step, an inoculum mixing 100 mL
mycelium broth and 100 mL RGY medium was inoculated into plastic boxes (25 cm 
 30 cm) containing 1 kg sterile rice and
cultivated at 25�C for producing red mold rice (RMR; also called beni-koji in Japan). At day 7, 150 mL RGY medium was
added to maintain the growth of cells. After 14 days of cultivation, the RMR was harvested and lyophilized for the extraction
of metabolites.

Extraction and Separation of Compounds. The dried red mold rice of Monascus pilosus BCRC 38072 (1.0 kg) was
extracted five times with 95% EtOH at room temperature. The ethanolic syrup extract was partitioned between n-BuOH–H2O
(1:1) to afford n-BuOH (1.8 g) and H2O soluble fractions. The n-BuOH-soluble fraction (Fr. A, 1.8 g) was chromatographed
by CC (60 g SiO2, 70–230 mesh), eluting with acetone and enriched with MeOH to produce 10 fractions: Fr. 1–10. Fraction 5
was subjected to RP-18 silica gel CC using H2O–acetone (1:1) as the eluent to obtain eight fractions: Fr. 5.1–5.8. Fraction 5.5
was subjected to RP-18 preparative TLC with CH2Cl2–MeOH (30:1) to yield 1 (2.5 mg).

Monascuspilorin (1). Yellow oil, [�]D
22 –115.8� (c 0.075, MeOH). IR spectrum (neat, �max, cm–1): 3430 (OH), 1585,

1470 (benzene ring). UV (MeOH, �, nm) (lg �): 275 (4.65). 1H and 13C NMR, see Table 1. ESI-MS 475 [M + Na]+. HR-ESI-MS
475.2672 [M + Na]+ (calcd for C25H40NaO7

+, 475.2677).
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