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Six new prenylcoumarins, (+)-fatouain A (1), (-)-fatouain B (2), (+)-fatouain C (3), (-)-fatouain D (4), (+)-fatouain
E (5), and (-)-fatouain F (6), along with two new bis-prenylcoumarins, (+)-fatouain G (7) and (+)-fatouain H (8),
have been isolated from whole plants of Fatoua pilosa. The relative configurations of 1, 3, and 4 were confirmed by
their acetonides on the basis of NOEDIF experiments, the results providing additional support for the relative configurations
of 2, 5, 6, 7, and 8.

Fatoua pilosa Gaud.1 (Moraceae) is a small perennial herb
distributed throughout the Philippines, Moluccas, New Guinea, and
Taiwan. There are only three species of Fatoua in the world, with
two of them in Taiwan.2 The chemical constituents and bioactivity
of Fatoua species have not been previously studied, with the
exception of bergapten, which was isolated from F. Villosa.3

Investigation of the EtOAc-soluble fraction of the whole plants of
F. pilosa led to the isolation of six new prenylcoumarins, (+)-
fatouain A (1), (-)-fatouain B (2), (+)-fatouain C (3), (-)-fatouain
D (4), (+)-fatouain E (5), and (-)-fatouain F (6), together with
two new bis-prenylcoumarins, (+)-fatouain G (7) and (+)-fatouain
H (8).

(+)-Fatouain A (1) was obtained as optically active colorless
needles with [R]25

D +37.9 (c 0.085, CHCl3). The ESIMS of 1
afforded an [M + Na]+ ion at m/z 329, implying a molecular
formula of C16H18O6, which was confirmed by HRESIMS. The
presence of a 7,8-dioxygenated coumarin skeleton was inferred from
the UV absorption (λmax 211, 228 sh, 252 sh, 300 nm).4 The IR
absorptions indicated the existence of a hydroxy group and carbonyl
group (3417, 1727 cm-1). The 1H NMR spectrum (Table 1) showed
a characteristic pair of doublets [δ 6.33, 7.66 (each 1H, d, J ) 9.3
Hz)] for the C-3 and C-4 protons of the coumarin nucleus. The
chemical shift of H-4 was less than 8.0 ppm, which was consistent
with a lack of functionalization at C-5.5,6 Consequently, δ 7.31
(1H, s) was assigned to H-5. The 13C NMR spectrum (Table 2)
revealed six carbon signals including one singlet at δ 160.2
assignable to a carbonyl carbon of the coumarin nucleus. Further-
more, residual signals in the 1H NMR spectrum revealed one vinyl
methyl group at δ 1.83 (3H, s, H-5′), two methoxy groups at δ
4.01 (3H, s, OCH3-8) and 4.06 (3H, s, OCH3-7), one aliphatic
methine proton at δ 4.24 (1H, brd, J ) 4.8 Hz, H-2′), one benzylic
methine proton at δ 5.00 (1H, brd, J ) 4.8 Hz, H-1′), an exo-
methylene group at δ 4.97 (1H, brd, J ) 0.6 Hz, Ha-4′) and 4.99
(1H, brd, J ) 0.6 Hz, Hb-4′), and two hydroxy groups at δ 2.34
(d, J ) 4.5 Hz, OH-1′) and 2.74 (d, J ) 4.5 Hz, OH-2′). The COSY
spectrum (Figure 1, Supporting Information) showed correlations
between H-1′ (δ 5.00) and H-2′ (δ 4.24), and the HMBC spectrum
(Figure 1, Supporting Information) revealed that OCH3-7 (δ 4.06)
had a 3J correlation with C-7 (δ 152.9) and 3J and 2J correlations
between H-1′ (δ 5.00) and C-5 (δ 120.9), C-7 (δ 152.9), and C-6
(δ 130.5). This suggests that the proton at δ 5.00 and a methoxy

group at δ 4.06 must be at C-1′ and C-7, respectively, with the
isopentenyl substituent attached to C-6. The planar structure of (+)-
fatouain A was elucidated as 1.4,7,8 Furthermore, treatment of 1
with acetone in the presence of a catalytic amount of toluene-p-
sulfonic acid gave the corresponding acetonide (1a).9–16 For the
reciprocal differential NOE between H-1′ (δ 5.00) and H-2′ (δ 4.24)
of the derived acetonide (1a), no NOE enhancement was observed,
by irradiation either of H-1′ at δ 5.00 or of H-2′ at δ 4.24. Thus,
(+)-fatouain A-acetonide (1a) should be of the threo form. On the
basis of the above evidence, the relative configuration of 1 was
proposed as (+)-threo-6-(1,2-dihydroxy-3-methylbut-3-enyl)-7,8-
dimethoxy-[2H]-chromen-2-one, namely, (+)-fatouain A.

(-)-Fatouain B (2) was obtained as optically active colorless
needles with [R]25

D -39.9 (c 0.08, CHCl3). Using HRESIMS the
molecular formula was determined to be C16H18O6. The presence
of a 7,8-dioxygenated coumarin skeleton was also suggested by
UV, IR, and 1H NMR [δ 6.33 and 7.65 (each 1H, d, J ) 9.6 Hz,
H-3, 4)] spectra. The 1H/13C NMR (Tables 1 and 2), COSY
(Figure 1, Supporting Information), HSQC, and HMBC spectra
(Figure 1, Supporting Information) of 2 were similar to those of 1,
except that the H-1′ and H-2′ signals shifted from δ 5.00 and 4.24
of 1 to δ 5.06 and 4.33 of 2, respectively. Due to the negative
value of optical rotation in comparison with that of 1, the relative
configuration of 2 was considered to be of the erythro form.
Compounds 1 and 2 are diastereoisomeric compounds. According
to the above data, the structure of 2 was elucidated as (-)-erythro-
6-(1,2-dihydroxy-3-methylbut-3-enyl)-7,8-dimethoxy-[2H]-chromen-
2-one and designated as (-)-fatouain B.

(+)-Fatouain C (3) was obtained as optically active colorless
needles with [R]25

D +31.6 (c 0.08, acetone). The molecular formula
of C15H16O6 was established by HRESIMS. The 1H/13C NMR
spectra of 3 were similar to those of 1, except that a hydroxy group
at C-8 in 3 replaced a methoxy group in 1. Furthermore, treatment
of 3 with acetone in the presence of a catalytic amount of toluene-
p-sulfonic acid gave the corresponding acetonide (3a). For the
reciprocal differential NOE between H-1′ (δ 5.02) and H-2′ (δ 4.18),
no NOE was observed, by irradiation either of H-1′ at δ 5.02 or of
H-2′ at δ 4.18. Thus, (+)-fatouain C-acetonide (3a) should be of
the threo form.9–16 On the basis of the above data, the structure of
3 was elucidated as (+)-threo-6-(1,2-dihydroxy-3-methylbut-3-
enyl)-8-hydroxy-7-methoxy-[2H]-chromen-2-one, namely, (+)-fa-
touain C, which was further confirmed by HSQC, HMBC (Figure 1,
Supporting Information), and NOESY (Figure 2, Supporting
Information) experiments.

(-)-Fatouain D (4) was obtained as optically active colorless
needles with [R]25

D -13.4 (c 0.07, acetone) and had a molecular
formula of C15H16O6 according to the HRESIMS results. The
presence of a 7,8-dioxygenated coumarin skeleton was also
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suggested by the UV, IR, and 1H NMR [δ 6.27 and 7.90 (each 1H,
d, J ) 9.6 Hz, H-3, 4)] spectra. The 1H NMR spectrum of 4 was
similar to that of 3, except that the signals of H-1′ and H-2′ shifted
from δ 5.02 and 4.18 of 3 to δ 5.08 and 4.29 of 4, respectively.
Treatment of 4 with acetone in the presence of a catalytic amount
of toluene-p-sulfonic acid gave the corresponding acetonide (4a).
For the reciprocal differential NOE between H-1′ (δ 5.08) and H-2′
(δ 4.29), 4.11% and 3.27% enhancements were observed. Thus,
(-)-fatouain D-acetonide (4a) should be of the erythro form.9–16

On the basis of the above data, the structure of 4 was elucidated as
(-)-erythro-6-(1,2-dihydroxy-3-methylbut-3-enyl)-8-hydroxy-7-
methoxy-[2H]-chromen-2-one, namely, (-)-fatouain D, which was
further confirmed by DEPT, COSY (Figure 1, Supporting Informa-
tion), HSQC, HMBC (Figure 1, Supporting Information), and
NOESY (Figure 2, Supporting Information) experiments.

(+)-Fatouain E (5) was obtained as optically active colorless
needles with [R]25

D +54.3 (c 0.11, CHCl3). The molecular formula
of 5 was determined as C16H18O6 using HRESIMS. Similar to 1-4,
their UV, IR, 1H NMR, and 13C NMR spectra (Tables 1 and 2)
also revealed the presence of a 7,8-dioxygenated coumarin skeleton.
The 1H/13C NMR spectra of 5 were similar to those of 1, except
that the methoxy group at C-8 and the hydroxy group at C-1′ of
the latter were replaced by a hydroxy group at C-8 and a methoxy
group at C-1′ in 5. The planar structure of (+)-fatouain E was
elucidated as 5.4,7,8 Due to the dextrorotatory specific rotation, and
by comparison with the relative configuration of (+)-fatouain A
(1), the relative configuration of 5 was considered to be of the threo

form. On the basis of the above data, the structure of 5 was
identified as (+)-threo-8-hydroxy-6-(2-hydroxy-1-methoxy-3-meth-
ylbut-3-enyl)-7-methoxy-[2H]-chromen-2-one, which was further
confirmed by NOESY (Figure 2, Supporting Information) and
HMBC (Figure 1, Supporting Information) techniques, and this
compound was named (+)-fatouain E.

(-)-Fatouain F (6) was isolated as optically active colorless
needles with [R]25

D -75.7 (c 0.08, CHCl3). The molecular
formula was established as C16H18O6 by ESIMS and HRESIMS
analysis (329.1000 [M + Na]+). The 1H NMR spectrum of 6
was similar to that of 5, except that the H-1′ and H-2′ signals
shifted from δ 4.61 and 4.14 of 5 to δ 4.73 and 4.34 of 6,
respectively. Due to the levorotatory specific rotation, and
referring to the relative configuration of (-)-fatouain B, the
relative configuration of 6 was considered to be of the erythro
form. According to the above evidence, the structure of 6 was
elucidated as (-)-erythro-8-hydroxy-6-(2-hydroxy-1-methoxy-
3-methylbut-3-enyl)-7-methoxy-[2H]-chromen-2-one, which has
been designated as (-)-fatouain F.

(+)-Fatouain G (7) was obtained as optically active colorless
needles with [R]25

D +42.5 (c 0.08, CHCl3), and its molecular
formula was established as C29H28O9 by HRESIMS. The presence
of a 7,8-dioxygenated coumarin skeleton was suggested by the UV
absorptions [λmax 230 sh, 260, 312 nm]. The IR absorptions
indicated the existence of a hydroxy group (3410 cm-1) and a
carbonyl group (1719 cm-1). The 1H NMR spectrum showed a pair
of doublets [δ 6.33, 7.71 (each 1H, d, J ) 9.6 Hz)] characteristic
of the C-3 and C-4 protons of the coumarin nucleus. The 1H NMR
spectrum showed one vinyl methyl at δ 1.66 (3H, s, H-5′), one
methoxy group at δ 3.88 (3H, s, OCH3-7), an exo-methylene at δ
4.81 (1H, brs, Ha-4′) and 4.93 (1H, brs, Hb-4′), one aliphatic
methine proton at δ 4.88 (1H, d, J ) 8.1 Hz, H-2′), one benzylic
methine proton at δ 5.05 (1H, d, J ) 8.1 Hz, H-1′), one aromatic
proton at δ 7.24 (1H, s, H-5), and three hydroxy singlets at δ 2.90,
6.02, and 9.05. The data suggested the partial structure of 7, with
a coumarin moiety similar to 1-6. However, there was no signal
for H-8.

The remaining signals in the 1H NMR spectrum revealed
signals of an isoprenyl group at δ 3.38 (2H, dd, J ) 16.2, 7.2
Hz, H-1′′′), 5.33 (1H, brt, J ) 7.2 Hz, H-2′′′), 1.72 (3H, s, H-4′′′),
and 1.78 (3H, s, H-5′′′), one aromatic proton at δ 6.94 (1H, s,
H-5′′), and C-3 and C-4 protons of the coumarin nucleus at δ
5.98, 7.47 (each 1H, d, J ) 9.3 Hz). The HMBC spectrum
revealed H-1′′′ (δ 3.38) giving 3J and 2J correlations with C-7′′
(δ 151.8) and C-6′′ (δ 126.2). Thus, the isoprenyl substituent
was attached to C-6′′. The above-mentioned proton signals
suggested that the residual moiety was also a coumarin moiety.
As there was no signal at H-8′′, this suggested that the two
coumarin moieties are linked via an oxygen at C-8 and C-8′.

Table 1. 1H NMR Data for Compounds 1-6a

δH (J in Hz)

position 1 2 3 4 5 6

3 6.33, d (9.3) 6.33, d (9.6) 6.27, d (9.6) 6.27, d (9.6) 6.33, d (9.6) 6.33, d (9.3)
4 7.66, d (9.3) 7.65, d (9.6) 7.90, d (9.6) 7.90, d (9.6) 7.68, d (9.6) 7.68, d (9.3)
5 7.31, s 7.34, s 7.27, s 7.29, s 7.06, s 7.13, s
1′ 5.00, brd (4.8) 5.06, dd (6.0, 4.2) 5.02, d (5.4) 5.08, d (6.4) 4.61, d (6.8) 4.73, d (5.7)
2′ 4.24, brd (4.8) 4.33, dd (6.0, 4.2) 4.18, d (5.4) 4.29, d (6.4) 4.14, d (6.8) 4.34, d (5.7)
CH3-3′ 1.83, s 1.74, s 1.78, s 1.76, s 1.76, s 1.78, s
4′ 4.99, brd (0.6) 4.97, brd (1.4) 4.81, brd (1.4) 4.81, brd (1.3) 4.80, brd (1.2) 4.87, brd (1.2)

4.97, brd (0.6) 4.94, brd (1.4) 4.74, brd (1.4) 4.77, brd (1.3) 4.71, brd (1.2) 4.81, brd (1.2)
OCH3-7 4.06, s 4.05, s 3.98, s 3.98, s 4.01, s 4.03, s
OCH3-8 4.01, s 4.01, s
OH-8b 8.79, brs 6.11, br s 6.20, brs
OCH3-1′ 3.29, s 3.28, s
OH-1′b 2.34, d (4.5) 2.16, d (4.2) 4.05, brs
OH-2′b 2.74, d (4.5) 2.61, d (4.2) 4.26, brs 3.01, br s 2.31, brs
a 1H NMR data (δ) were measured in CDCl3 at 400 MHz for 5, at 600 MHz for 1, 2, and 6, and in acetone-d6 at 400 MHz for 3 and 4. The

assignments are based on DEPT, 1H-1H COSY, HSQC, and HMBC spectra. b D2O exchangeable.

Table 2. 13C NMR Data for Compounds 1-6a

position 1 2 3 4 5 6

2 160.2 160.2 161.0 161.1 159.8 159.9
3 114.7 114.8 115.6 115.5 114.4 114.4
4 143.8 143.8 146.0 146.0 144.1 144.3
5 120.9 121.0 118.1 118.7 117.0 117.4
6 130.5 130.1 134.1 134.2 128.7 128.6
7 152.9 153.4 149.7 150.4 148.6 148.8
8 139.5 139.5 138.1 138.4 135.7 135.7
9 147.9 147.8 144.4 144.4 143.0 142.4
10 115.1 115.3 116.4 116.5 114.5 114.6
1′ 69.8 70.0 70.7 70.9 79.0 78.8
2′ 77.8 78.8 79.9 80.0 79.2 77.7
3′ 143.9 144.3 146.8 147.3 143.0 144.1
4′ 112.9 114.4 113.1 113.8 113.9 113.5
CH3-3′ 18.9 18.5 19.6 19.5 18.3 18.8
OCH3-7 61.2 61.4 61.7 61.9 60.8 61.0
OCH3-8 61.5 61.5
OCH3-1′ 57.3 57.4

a 13C NMR data (δ) were measured in CDCl3 at 100 MHz for 5, at
150 MHz for 1, 2, and 6, and in acetone-d6 at 100 MHz for 3 and 4.
The assignments are based on DEPT, 1H-1H COSY, HSQC, and
HMBC spectra.
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Due to its dextrorotatory optical rotation, the relative configu-
ration of 7 was considered to be of the threo form. On the basis
of the above evidence, the structure of 7 was elucidated as (+)-
threo-6-(1,2-dihydroxy-3-methylbut-3-enyl)-8-(7-hydroxy-6-(3-
methylbut-2-enyl)-2-oxo-[2H]-chromen-8-yloxy)-7-methoxy-
[2H]-chromen-2-one, which has been designated as (+)-fatouain
G. This was further confirmed by DEPT, COSY (Figure 1,
Supporting Information), HSQC, HMBC (Figure 1, Supporting
Information), and NOESY (Figure 2, Supporting Information)
experiments.

(+)-Fatouain H (8) was obtained as optically active colorless
needles with [R]25

D + 21.0 (c 0.075, CHCl3). ESIMS and HRESIMS
data were used to determine the molecular formula as C29H26O9.
The presence of a 7,8-dioxygenated coumarin skeleton was sug-
gested from the UV absorptions [λmax 229, 263, 312 nm]. The IR
absorptions indicated the existence of a hydroxy group and carbonyl
group (3461, 1729 cm-1, respectively). The 1H NMR spectrum
showed a pair of doublets [δ 6.10, 7.46 (each 1H, d, J ) 9.6 Hz)]
characteristic for the C-3′′ and C-4′′ protons of the coumarin
nucleus. The 1H NMR spectrum showed two methyl groups at δ
1.54, 1.58 (each 3H, s, H-5′′′, 6′′′), one aromatic proton at δ 6.81
(1H, s, H-5′′), and two aromatic ortho protons at δ 5.72, 6.32 (each
1H, d, J ) 9.9 Hz, H-3′′′, H-4′′′). The data suggested the partial

structure of 8, with a coumarin moiety of the pyranocoumarin:
xanthyletin type. However, no resonance for H-8′′ was observed.

The remaining signals in the 1H NMR spectrum revealed
signals of an isopentenyl group at δ 1.77 (3H, s, H-5′), 4.53
(1H, d, J ) 8.1 Hz, H-2′), 4.75 (1H, brs, Ha-4′), 4.78 (1H, brs,
Hb-4′), 5.61 (1H, d, J ) 8.1 Hz, H-1′), one methoxy group at δ
3.81 (3H, s, OCH3-7), one aromatic proton at δ 7.62 (1H, s,
H-5), and the C-3 and C-4 protons of a coumarin nucleus at δ
6.32, 7.83 (each 1H, d, J ) 9.6 Hz). The above-mentioned proton
signals revealed that the residual moiety was similar to 1-6.
The HMBC spectrum revealed 3J correlations between H-1′ (δ
5.61) and C-8′′ (δ 133.2). This suggests that two coumarin
moieties are linked via an oxygen at C-1′ and C-8′′. Due to the
dextrorotatory optical rotation, the relative configuration of 8
was considered to be of the threo form. On the basis of the
evidence above, the structure of 8 was elucidated as (+)-threo-
10-(2-hydroxy-1-(8-hydroxy-7-methoxy-2-oxo-[2H]-chromen-6-
yl)-3-methylbut-3-enyloxy)-8,8-dimethylpyrano[3,2-g]chromen-
2(8H)-one. This was further confirmed by DEPT, COSY
(Figure 1, Supporting Information), HSQC, NOESY (Figure 2,
Supporting Information) and HMBC (Figure 1, Supporting
Information) experiments, and this compound was named (+)-
fatouain H.

Chart 1
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All the compounds are coumarins with high polarity. In other
Formosan Moraceous plants, such as Broussonetia papyrifera,17–21

Ficus benjamina,22,23 F. microcarpa,24 F. pumila,25 F. ruficaulis
var. antaoensis,26,27 F. septica,28 and Morus australis,29 coumarins
were more randomly distributed and were also the more common
coumarins such as umbelliferone, marmesin, bergapten, psoralen,
and coumarin glycosides (scopolin, cichoriin, and xeroboside). The
coumarins isolated in this study had a 7,8-dioxygenated-6-prenyl
substitution pattern not previously observed in other Formosan
Moraceous species, which could be of chemotaxonomic interest.

Experimental Section

General Experimental Procedures. All melting points were
determined on a Yanaco micromelting point apparatus and are
uncorrected. Optical rotations were measured on a JASCO P-1020
digital polarimeter. UV spectra were obtained on a JASCO UV-240
spectrophotometer in MeOH. IR spectra (KBr or neat) were taken on
a Perkin-Elmer System 2000 FT-IR spectrometer. 1D (1H, 13C, DEPT)
and 2D (COSY, NOESY, HSQC, HMBC) NMR spectra using CDCl3

or acetone-d6 as solvent were recorded on a Varian Unity Plus 400
(400 MHz for 1H NMR, 100 MHz for 13C NMR) and a Varian INOVA-
600 (600 MHz for 1H NMR, 150 MHz for 13C NMR) spectrometer.
Chemical shifts were internally referenced to the solvent signals in
CDCl3 (1H, δ 7.26; 13C, δ 77.0), with TMS as the internal standard.
Low-resolution ESIMS were obtained on an API 3000 (Applied
Biosystem); high-resolution ESIMS on a Bruker Daltonics APEX II
30e spectrometer. Silica gel (70-230, 230-400 mesh) (Merck) was
used for column chromatography, and silica gel 60 F-254 (Merck) was
used for analytical and preparative TLC. Medium-pressure liquid
chromatography was used for chromatograpy.

Plant Material. The whole plant of F. pilosa was collected from
Ban-ping Mountain, Kaohsiung County, Taiwan, in August 2006, and
identified by Prof. I. S. Chen. A voucher specimen (Chen 5672) was
deposited in the Herbarium of School of Pharmacy, College of
Pharmacy, Kaohsiung Medical University, Kaohsiung, Taiwan, Re-
public of China.

Extraction and Isolation. Dried whole plant (2.1 kg) was sliced
and extracted with cold MeOH (30 L) three times. After concentration
under reduced pressure, the MeOH extract (240 g) was partitioned
between EtOAc-H2O (1:1) to obtain EtOAc-soluble (40 g) and H2O-
soluble fractions (195 g). The EtOAc fraction (40 g) was subjected to
a silica gel column (230-400 mesh, 2.0 kg), eluting with a gradient of
n-hexane-acetone, to give 18 fractions (A1-A18). Fraction A16 (3.6
g) was chromatographed on a silica gel column (230-400 mesh, 200 g),
eluting with n-hexane-acetone (4:1), to give 11 fractions. Fraction
A16-6 (0.3 g) was subjected to MPLC (SiO2, 15 g), eluting with
CH2Cl2-acetone (40:1), to afford (+)-fatouain E (5) (7.9 mg) and (-)-
fatouain F (6) (3.2 mg). MPLC (SiO2, 4 g) was applied to fraction
A16-9 (0.08 g), eluting with CH2Cl2-acetone (20:1), to give six
fractions. Fraction A16-9-3 (4 mg) was further purified by preparative
RP-18 TLC (MeOH-H2O, 3:1) to obtain (+)-fatouain A (1) (1.7 mg)
and (-)-fatouain B (2) (1.6 mg). Fraction A16-9-5 (7 mg) was further
purified by preparative TLC (n-hexane-acetone, 1:1) to yield (+)-
fatouain H (8) (2.5 mg). Fraction A16-9-6 (5.2 mg) was further purified
by preparative TLC (CH2Cl2-acetone, 40:1) to obtain (+)-fatouain G
(7) (1.5 mg). Fraction A17 (4.50 g) was chromatographed on a silica
gel column (230-400 mesh, 250 g), eluting with n-hexane-EtOAc
(2:1), to give seven fractions. MPLC (SiO2, 35 g) of fraction A17-2
(700 mg) involved eluting with acetone-H2O (2:1) to give nine
fractions, while fraction A17-2-2 (80 mg) was eluted with acetone-H2O
(2:1) to give four fractions. Fraction A17-2-2-1 (40 mg) was further
purified by preparative RP-C18 TLC (acetone-H2O, 1:3) to afford (+)-
fatouain C (3) (8.5 mg) and (-)-fatouain D (4) (3.5 mg).

(+)-Fatouain A (1): colorless needles (acetone); mp 99-100 °C;
[R]25

D +37.9 (c 0.085, CHCl3); UV (MeOH) λmax (log ε) 211 (4.42),
228 (sh) (4.17), 252 (sh) (3.57), 300 (4.12) nm; IR (KBr) νmax 3417
(OH), 1727 (CdO), 1608, 1565 (benzene ring) cm-1; 1H NMR (CDCl3,
600 MHz) see Table 1; 13C NMR (CDCl3, 150 MHz) see Table 1; 13C
NMR (CDCl3, 150 MHz) see Table 2; ESIMS m/z 329 [M + Na]+;
HRESIMS m/z 329.1003 [M + Na]+ (calcd for C16H18O6Na, 329.1001).

(+)-Fatouain A-acetonide (1a). A solution of (+)-fatouain A (1)
(2.0 mg) in acetone (1 mL) and a catalytic amount of p-TsOH were
stirred for 20 min at room temperature. The mixture was neutralized
with Et3N, and the solvent was evaporated under reduced pressure. The

residue was subjected to silica gel preparative TLC, yielding compound
1a as a colorless oil: 1H NMR (CDCl3, 600 MHz) δ 1.55 (3H, s, H-6′
or 7′), 1.61 (3H, s, H-7′ or 6′), 1.84 (3H, s, H-5′), 3.95 (3H, s, OCH3-
8), 3.98 (3H, s, OCH3-7), 4.14 (1H, d, J ) 8.4 Hz, H-2′), 4.87 (1H,
brt, J ) 1.4 Hz, Ha-4′), 4.94 (1H, brt, J ) 1.4 Hz, Hb-4′), 5.17 (1H,
d, J ) 8.4 Hz, H-1′), 6.33 (1H, d, J ) 9.6 Hz, H-3), 7.37 (1H, s, H-5),
7.67 (1H, d, J ) 9.6 Hz, H-4).

(-)-Fatouain B (2): colorless needles (acetone); mp 99-100 °C;
[R]25

D -39.9 (c 0.08, CHCl3); UV (MeOH) λmax (log ε) 227 (sh) (4.08),
250 (3.52), 300 (3.87) nm; IR (KBr) νmax 3416 (OH), 1738 (CdO),1606,
1565 (benzene ring) cm-1; 1H NMR (CDCl3, 600 MHz) see Table 1;
13C NMR (CDCl3, 150 MHz) see Table 2; ESIMS m/z 329 [M + Na]+;
HRESIMS m/z 329.1004 [M + Na]+ (calcd for C16H18O6Na, 329.1001).

(+)-Fatouain C (3): colorless needles (acetone); mp 165-166 °C;
[R]25

D +31.6 (c 0.08, acetone); UV (MeOH) λmax (log ε) 230 (sh) (3.97),
258 (3.73), 305 (3.85) nm; UV (MeOH+KOH) λmax (log ε) 235 (sh)
(3.85), 279 (4.02), 324 (3.74); IR (KBr) νmax 3356 (OH), 1712 (CdO),
1614, 1569 (benzene ring) cm-1; 1H NMR (acetone-d6, 400 MHz) see
Table 1; 13C NMR (acetone-d6, 100 MHz) see Table 2; ESIMS m/z
315 [M + Na]+; HRESIMS m/z 315.0846 [M + Na]+ (calcd for
C15H16O6Na, 315.0845).

(+)-Fatouain C-acetonide (3a). Compound (5) (1.0 mg) was treated
with p-TsOH and acetone under the same conditions as 3 to afford
compound 5a as a colorless oil: 1H NMR (CDCl3, 600 MHz) δ 1.56
(3H, s, H-6′ or 7′), 1.61 (3H, s, H-7′ or 6′), 1.83 (3H, s, H-5′), 3.97
(3H, s, OCH3-7), 4.17 (1H, d, J ) 8.4 Hz, H-2′), 4.88 (1H, brt, J )
1.5 Hz, Ha-4′), 4.94 (1H, brt, J ) 1.5 Hz, Hb-4′), 5.18 (1H, d, J ) 8.4
Hz, H-1′), 5.88 (1H, brs, OH-8, D2O exchangeable), 6.34 (1H, d, J )
9.6 Hz, H-3), 7.22 (1H, s, H-5), 7.70 (1H, d, J ) 9.6 Hz, H-4).

(-)-Fatouain D (4): colorless needles (acetone); mp 88-90 °C;
[R]25

D -13.4 (c 0.07, acetone); UV (MeOH) λmax (log ε) 229 (sh) (4.02),
258 (3.80), 305 (3.88) nm; UV (MeOH+KOH) λmax (log ε) 235 (3.77),
279 (3.86), 323 (3.60); IR (KBr) νmax 3358 (OH), 1713 (CdO), 1614,
1571 (benzene ring) cm-1; 1H NMR (acetone-d6, 400 MHz) see Table
1; 13C NMR (acetone-d6, 100 MHz) see Table 2; ESIMS m/z 315 [M
+ Na]+; HRESIMS m/z 315.0846 [M + Na]+ (calcd for C15H16O6Na,
315.0845).

(-)-Fatouain D-acetonide (4a). Compound 4 (1.0 mg) was treated
with p-TsOH and acetone under the same conditions as 1 to afford
compound 4a as a colorless oil: 1H NMR (CDCl3, 600 MHz) δ 1.32
(3H, s, H-5′), 1.52 (3H, s, H-6′ or 7′), 1.69 (3H, s, H-7′ or 6′), 4.06
(3H, s, OCH3-7), 4.69 (1H, brt, J ) 1.4 Hz, Ha-4′), 4.92 (1H, d, J )
7.5 Hz, H-2′), 4.95 (1H, brt, J ) 1.4 Hz, Hb-4′), 5.60 (1H, d, J ) 7.5
Hz, H-1′), 6.30 (1H, d, J ) 9.6 Hz, H-3), 7.16 (1H, s, H-5), 7.67 (1H,
d, J ) 9.6 Hz, H-4).

(+)-Fatouain E (5): colorless needles (acetone); mp 150-151 °C;
[R]25

D +54.3 (c 0.11, CHCl3); UV (MeOH) λmax (log ε) 229 (sh) (4.01),
258 (3.76), 306 (3.88) nm; UV (MeOH+KOH) λmax (log ε) 238 (sh)
(3.83), 279 (4.06), 324 (3.76) nm; IR (KBr) νmax 3314 (OH), 1726
(CdO), 1612, 1572 (benzene ring) cm-1; 1H NMR (CDCl3, 400 MHz)
see Table 1; 13C NMR (CDCl3, 100 MHz) see Table 2; ESIMS m/z
329 [M + Na]+; HRESIMS m/z 329.0999 [M + Na]+ (calcd for
C16H18O6Na, 329.1001).

(-)-Fatouain F (6): colorless needles (acetone); mp 95-96 °C;
[R]25

D -75.7 (c 0.08, CHCl3); UV (MeOH) λmax (log ε) 230 (sh) (4.06),
258 (3.83), 305 (3.93) nm; UV (MeOH+KOH) λmax (log ε) 237 (sh)
(3.91), 279 (4.10), 323 (3.82) nm; IR (KBr) νmax 3391 (OH), 1727
(CdO), 1615, 1572 (benzene ring) cm-1; 1H NMR (CDCl3, 600 MHz)
see Table 1; 13C NMR (CDCl3, 150 MHz) see Table 2; ESIMS m/z
329 [M + Na]+; HRESIMS m/z 329.1000 [M + Na]+ (calcd for
C16H18O6Na 329.1001).

(+)-Fatouain G (7): yellow needles (acetone); mp 99-101 °C;
[R]25

D +42.5 (c 0.08, CHCl3); UV (MeOH) λmax (log ε) 230 sh (4.23),
260 (4.10), 312 (4.25) nm; UV (MeOH+KOH) λmax (log ε) 234 (sh)
(4.19), 272 (4.16), 324 (4.21) nm; IR (KBr) νmax 3410 (OH), 1719
(CdO), 1613, 1572 (benzene ring) cm-1; 1H NMR (CDCl3, 600 MHz)
δ 1.66 (3H, s, H-5′), 1.72 (3H, s, H-4′′′), 1.78 (3H, s, H-5′′′), 2.90
(1H, brs, OH-2′, D2O exchangeable), 3.38 (2H, dd, J ) 16.2, 7.2 Hz,
H-1′′′), 3.88 (3H, s, OCH3-7), 4.81 (1H, brs, Ha-4′), 4.88 (1H, d, J )
8.1 Hz, H-2′), 4.93 (1H, brs, Hb-4′), 5.05 (1H, d, J ) 8.1 Hz, H-1′),
5.33 (1H, brt, J ) 7.2 Hz, H-2′′′), 5.98 (1H, d, J ) 9.3 Hz, H-3′′),
6.02 (1H, brs, OH-1′, D2O exchangeable), 6.33 (1H, d, J ) 9.6 Hz,
H-3), 6.94 (1H, s, H-5′′), 7.24 (1H, s, H-5), 7.47 (1H, d, J ) 9.3 Hz,
H-4′′), 7.71 (1H, d, J ) 9.6 Hz, H-4), 9.05 (1H, s, OH-7′′, D2O
exchangeable); 13C NMR (CDCl3, 150 MHz) δ 17.8 (C-5′), 17.9 (C-
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4′′′), 25.8 (C-5′′′), 27.8 (C-1′′′), 61.0 (OCH3-7), 79.5 (C-2′), 84.7 (C-
1′), 111.6 (C-10′′), 112.2 (C-3′′), 114.4 (C-3 or 10), 114.5 (C-10 or 3),
116.0 (C-4′), 119.0 (C-5), 121.2 (C-2′′′), 123.1 (C-5′′), 126.2 (C-6′′),
127.6 (C-6), 132.6 (C-8), 133.8 (C-3′′′), 135.9 (C-8′′), 142.4 (C-3′),
143.2 (C-9), 143.8 (C-4′′), 144.1 (C-4), 146.3 (C-9′′), 148.1 (C-7), 151.8
(C-7′′), 159.8 (C-2), 159.9 (C-2′′); ESIMS m/z 543 [M+Na]+; HRES-
IMS m/z 543.1627 [M + Na]+ (calcd for C29H28O9Na, 543.1631).

(+)-Fatouain H (8): yellow needles (acetone); mp 86-88 °C;
[R]25

D +21.0 (c 0.075, CHCl3); UV (MeOH) λmax (log ε) 229 (4.50),
263 (4.37), 312 (4.16) nm; UV (MeOH+KOH) λmax (log ε) 233
(4.47), 270 (4.44), 324 (4.13) nm; IR (KBr) νmax 3461 (OH), 1729
(CdO), 1616, 1565 (benzene ring) cm-1; 1H NMR (CDCl3, 600
MHz) δ 1.54 (3H, s, H-5′′′), 1.58 (3H, s, H-6′′′), 1.77 (3H, s, H-5′),
3.81 (3H, s, OCH3-7), 3.98 (1H, brs, OH-2′, D2O exchangeable),
4.53 (1H, d, J ) 8.1 Hz, H-2′), 4.75 (1H, brs, Ha-4′), 4.78 (1H,
brs, Hb-4′), 5.61 (1H, d, J ) 8.1 Hz, H-1′), 5.72 (1H, d, J ) 9.9
Hz, H-3′′′), 6.00 (1H, brs, OH-8, D2O exchangeable), 6.10 (1H, d,
J ) 9.6 Hz, H-3′′), 6.32 (1H, d, J ) 9.9 Hz, H-4′′′), 6.32 (1H, d, J
) 9.6 Hz, H-3), 6.81 (1H, s, H-5′′), 7.46 (1H, d, J ) 9.6 Hz, H-4′′),
7.62 (1H, s, H-5), 7.83 (1H, d, J ) 9.6 Hz, H-4); 13C NMR (CDCl3,
150 MHz) δ 18.1 (C-5′), 28.2 (C-6′′′), 28.3 (C-5′′′), 60.6 (OCH3-
7), 78.6 (C-2′′′), 80.0 (C-2′), 82.0 (C-1′), 112.9 (C-10′′), 113.4 (C-
3′′), 114.1 (C-3), 114.3 (C-10), 114.8 (C-4′), 118.8 (C-6′′), 119.2
(C-5), 119.7 (C-5′′), 120.9 (C-4′′′), 128.0 (C-6), 131.0 (C-3′′′), 133.2
(C-8′′), 135.0 (C-8), 142.4 (C-3′), 142.6 (C-9), 143.3 (C-4′′), 144.6
(C-4), 147.8 (C-7 or 9′′), 147.9 (C-9′′ or 7), 148.7 (C-7′′), 159.6
(C-2′′), 159.9 (C-2); ESIMS m/z 517 [M - H]+; HRESIMS m/z
541.1477 [M + Na]+ calcd for C29H26O9Na, 541.1474).

Acknowledgment. This work was supported by a grant from the
National Science Council of the Republic of China.

Supporting Information Available: 1D and 2D NMR spectra for
compounds 1-8. This material is available free of charge via the
Internet at http://pubs.acs.org.

References and Notes

(1) Liao, J. C. Flora of Taiwan, 2nd ed.; Editorial Committee of the Flora
of Taiwan: Taipei, Taiwan, 1996; Vol. 2, pp 136-195.

(2) Zerega, N. J. C.; Clement, W. L.; Datwyler, S. L.; Weiblen, G. D.
Mol. Phylogenet. EVol. 2005, 37, 402–416.

(3) Swaina, L. A.; Downum, K. R. Biochem. Syst. Ecol. 1990, 18, 153–
156.

(4) Chow, P. W.; Duffield, A. M.; Jefferies, P. R. Aust. J. Chem. 1966,
19, 483–488.

(5) Murray, R. D. H., Méndez, J., Brown, S. A. The Natural Coumarins
(1): Occurrence, Chemistry and Biochemistry; John Wiley and Sons:
New York, 1982; pp 35-38.

(6) Ray, A. B.; Chattopadhyay, S. K.; Konno, C.; Hikino, H. Tetrahedron
Lett. 1980, 21, 4477–4480.

(7) Wu, T. S.; Liou, M. J.; Kuoh, C. S. Phytochemistry 1989, 28, 293–
294.

(8) Joshi, P. C.; Mandal, S.; Das, P. C.; Chatterjee, A. Phytochemistry
1993, 32, 481–483.

(9) Talapatra, S. K.; Dljtta, L. N.; Talapatra, B. Tetrahedron 1973, 29,
2811–2814.

(10) Das, S.; Baruah, R. H.; Sharma, R. P.; Barua, J. N.; Kulanthaivel, P.;
Herz, W. Phytochemistry 1984, 23, 2317–2321.

(11) Ito, C.; Furukawa, H. Chem. Pharm. Bull. 1987, 35, 4277–4285.
(12) Banerji, J.; Dhara, K. P.; Das, B.; Das, A. K. Indian J. Chem. 1988,

27, 21–25.
(13) Zakaria, M. B.; Saito, I.; Matsuura, T. Phytochemistry 1989, 28, 657–

659.
(14) Imai, F.; Kinoshita, T.; Sankawa, U. Chem. Pharm. Bull. 1989, 37,

358–362.
(15) Ito, C.; Furukawa, H.; Ishii, H.; Ishikawa, T.; Haginiwa, J. J. Chem.

Soc., Perkin Trans. 1 1990, 2047–2055.
(16) Ito, C.; Otsuka, T.; Ruangrungsi, N.; Furukawa, H. Chem. Pharm.

Bull. 2000, 48, 334–338.
(17) Chao, J.; Yin, Z.; Ye, W.; Zhao, S. Zhongguo Zhongyao Zazhi 2006,

31, 1078–1080.
(18) Xu, X. H.; Qian, S. H.; Bian, M. G.; Xie, N.; Yang, N. Y.; Duan,

J. A. Zhongguo Tianran Yaowu 2007, 5, 190–192.
(19) Fang, S. C.; Shieh, B. J.; Wu, R. R.; Lin, C. N. Phytochemistry 1995,

38, 535–537.
(20) Lee, D.; Bhat, K. P. L.; Fong, H. H. S.; Farnsworth, N. R.; Pezzuto,

J. M.; Kinghorn, A. D. J. Nat. Prod. 2001, 64, 1286–1293.
(21) Yin, Z.; Chao, J.; Zhang, L.; Ye, W.; Shen, W.; Zhao, S. Tianran

Chanwu Yanjiu Yu Kaifa 2006, 18, 420–422.
(22) Simo, C. C. F.; Kouam, S. F.; Poumale, H. M. P.; Simo, I. K.; Ngadjui,

B. T.; Green, I. R.; Krohn, K. Biochem. Syst. Ecol. 2008, 36, 238–
243.

(23) Abdel, W. S. M.; El, T. S. F.; Seida, A. A.; Rashwan, O. A. Bull.
Fac. Pharm. 1989, 27, 99–100.

(24) Kuo, Y. H.; Li, Y. C. J. Chin. Chem. Soc. 1997, 44, 321–325.
(25) Kitajima, J.; Kimizuka, K.; Tanaka, Y. Chem. Pharm. Bull. 1998, 46,

1408–1411.
(26) Chang, M. S.; Yang, Y. C.; Kuo, Y. C.; Kuo, Y. H.; Chang, C.; Chen,

C. M.; Lee, T. H. J. Nat. Prod. 2005, 68, 634.
(27) Chang, M. S.; Yang, Y. C.; Kuo, Y. C.; Kuo, Y. H.; Chang, C.; Chen,

C. M.; Lee, T. H. J. Nat. Prod. 2005, 68, 11–13.
(28) Wu, P. L.; Rao, K. V.; Su, C. H.; Kuoh, C. S.; Wu, T. S. Heterocycles

2002, 57, 2401–2408.
(29) Zhang, Q.; Li, D.; Chen, R.; Yu, D. Zhongguo Zhongyao Zazhi 2007,

32, 978–980.

NP100354C

1722 Journal of Natural Products, 2010, Vol. 73, No. 10 Notes


