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Six New Acylated Anthocyanins from Red Radish (Raphanus sativus)
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Six new acylated anthocyanins (1—6) were isolated along with the three known congeners (7—9) from the
fresh roots of red radishes (Raphanus sativus L.) cultivated by our group. Their chemical structures were eluci-
dated by spectroscopic properties. Among the six new anthocyanins, the five constituents (1, 2, 4—6) were shown
to contain the malonyl function at 6-OH in the glucopyranosyl residue linked to C-5 in the pelargonidin nucleus.
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Anthocyanins are natural pigments belonging to the
flavonoid family and responsible for the blue, purple, red,
and orange colors of many fruits and vegetables. Recently,
interest in anthocyanins has significantly increased due to not
only their wide use as natural alternatives to artificial col-
orants but also implication of potential health benefits.” With
respect to edible plant resources, purple corn,” red
cabbages,” purple sweet potatoes,* ® blueberries,” elderber-
ries,®” and red radishes'®'? were found to contain antho-
cyanins in high content so far. Among them, anthocyanins in
the red radishes are distinguished from those in the other
plants by the structure of the aglycon; the formers and the
latters contain pelargonidin and cyanidin as aglycons, respec-
tively. Due to this structural feature, the red radish antho-
cyanins bring about characteristic coloration different from
the cyanidin-based anthocyanins.'” Moreover, only the red
radish anthocyanins have been widely used as natural col-
orants comprised of pelargonidin-based anthocyanins so far.
In this context, the red radishes should be regarded as impor-
tant resources of natural colorants with seasoned safety.

As a part of our scientific investigation on cultivation of
the red radishes,'¥ we examined the anthocyanin ingredients
from the plant materials cultivated by us. Consequently, we
have isolated six new acylated anthocyanins (1—6) together
with the three known congeners (7—9). Here, we describe
the structural elucidation of these new anthocyanins from the
fresh roots of red radishes (Fig. 1).
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Results and Discussion

After the fresh roots of the red radishes were extracted
with 5% aqueous citric acid, the resulting extract was sub-
jected to Diaion HP-20 column chromatography to afford a
crude mixture of anthocyanins. Separation of the mixture by
reversed-phase HPLC furnished the six new anthocyanins
(1—6) along with the three known congeners (7—9).'"!%
The FAB-MS of 1 (0.015% from the roots) showed the mo-
lecular ion peak at 1167 [M]" and the molecular formula
C,,H;50,4 of 1 was determined by the high resolution (HR)-
FAB-MS ([M]* m/z 1167.2826, Calcd 1167.2829). The IR
absorptions at 3300, 1718(sh), 1685, and 1641 cm™! indi-
cated the presence of hydroxyl, carbonyl, and o,B-unsatu-
rated enone functionalities, respectively. The '"H-NMR spec-
trum showed the signals due to the 1,2,3,5-tetrasubstituted
aromatic ring [y, 6.96 (H-8, s), 6.91 (H-6, s)], the 1,4-disub-
stituted aromatic ring [y 8.50 (H-2',6’, d, J=8.9Hz), 7.01
(H-3",5', d, J=8.9Hz)], and the three anomeric protons [y
5.54 (H-1 in Gle-A, d, J/=7.6Hz), 5.11 (H-1 in Glc-C, d,
J=7.6Hz), 4.77 (H-1 in Glc-B, d, /=7.6 Hz)] along with the
low-field singlet signal [}, 8.85 (H-4, s)] characteristic of the
anthocyanidin skeleton (Table 1). Furthermore, the *C-NMR
spectrum indicated the signals ascribable to the three
anomeric carbons [8. 104.5 (C-1 in Gle-B), 101.7 (C-1 in
Glec-C), 100.4 (C-1 in Glc-A)] (Table 2).

A combination of the H—H correlation spectroscopy
(COSY), heteronuclear multiple quantum coherence
(HMQC), and heteronuclear multiple bond connectivity
(HMBC) experiments allowed unambiguous assignments of
all proton and carbon signals of 1 to disclose the presence of
three sugar residues and three acyl groups. Based on the
chemical shifts as well as the coupling constants of the pro-
ton signals in the sugar moieties of 1, all of the three sugar
portions were deduced to be B-p-glucopyranosyl residues.
With respect to the acyl groups, the presence of the malonyl
(Mal) function [Jy 3.32 (H-2 in Mal, s), 8. 166.9 (C-1 in
Mal), 41.7 (C-2 in Mal), 167.7 (C-3 in Mal)] was revealed
together with the two (E)-caffeoyl (Caf) functions [Jy 7.25
(B-H, d, J=15.8Hz), 7.14 (3-H, d, J/=15.8 Hz), 6.07 (o-H, d,
J=15.8Hz), 5.87 (o-H, d, J=15.8 Hz), §. 166.9, 166.7 (CO
in Caf), 145.8, 145.5 (3-C in Caf), 114.0, 114.0 (o-C in
Caf)].

Location of the sugar residues and the acyl groups was
definitely determined by the HMBC technique. In brief, the
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Table 1. 'H-NMR Data for Anthocyanins 1—6 (600 MHz, DMSO-d, : CF;,COOD=9: 1)
Proton 1 2 3 4 5 6
Aglycon
4 8.85s 8.81s 8.86's 8.85s 8.82s 8.86's
6 691s 6.90 s 6.87s 6.89 s 6.89's 6.90 s
8 6.96 s 6.96 s 6.92s 6.97 s 6.94 s 6.97 s
2'.6' 8.50d (8.9) 8.50d (8.9) 8.50d (8.9) 8.51d(8.9) 8.50d (8.9) 8.51d(8.9)
35" 7.01d(8.9) 7.02d (8.9) 7.01d(8.9) 7.03d (8.9) 7.01d(8.9) 7.02d(8.9)
Glc-A
1 5.54d(7.6) 5.57d(6.9) 5.51d(7.6) 5.56d(7.6) 5.53d(7.6) 5.53d(7.6)
2 3.93dd (7.6, 8.9) 3.95dd (6.9, 8.2) 3.91dd (7.6, 8.9) 3.94dd (7.6, 8.9) 3.93dd (7.6, 8.2) 3.92dd (7.6, 8.2)
3 3.67dd (8.9, 8.9) 3.68dd (8.2,8.2) 3.67dd (8.9, 8.9) 3.68dd (8.9, 8.9) 3.68dd (8.2,8.2) 3.65dd (8.2, 8.3)
4 3.40 dd (8.9, 8.9) 337m 345m 3.41dd (8.9,8.9) 3.37dd (8.2, 8.9) 3.38m
5 3.82m 3.86 m 3.80m 3.86 m 3.82m 3.82m
6a 4.36 brd (11.0) 4.34brd (11.0) 436m 4.39brd (12.4) 4.35brd (11.3) 4.36 brd (12.0)
6b 4.20dd (6.2, 11.0) 4.19dd (7.6, 11.0) 423 m 4.18dd (6.9, 12.4) 4.19dd (6.8,11.3) 4.16 dd (6.9, 12.0)
Gle-B
1 4.77d(7.6) 4.79d (7.6) 4.78d (8.2) 4.80d(8.2) 4.79d(7.6) 4.80d(8.2)
2 3.09m 3.07m 3.09dd (8.2, 8.9) 3.08 m 3.07dd (7.6, 8.2) 3.07m
3 3.22 ol? 3.20 ol 3230l 3.23 0l 3.23 0l 3210l
4 3220l 3.20 ol 321m 3.320l 3.29 ol 3310l
5 3220l 3.20 ol 3230l 3.220l 3.23 0l 3210l
6a 4.02m 4.0l m 4.07 brd (10.3) 4.03 m 4.04 m 4.04 m
6b 3.99 m 401 m 4.00 m 401 m 4.00 m 3.98m
Gle-C
1 5.11d(7.6) 5.10d(7.6) 5.02d(7.6) 5.10d(7.6) 5.08 d (7.6) 5.09d(8.2)
2 3.50dd (7.6, 8.9) 3.50dd (7.6, 8.9) 3.45dd (7.6, 8.9) 3.48dd (7.6, 8.9) 3.50dd (7.6, 8.9) 3.46dd (8.2, 8.4)
3 3.36.dd (8.9, 8.9) 3.35dd (8.9, 8.9) 3.33dd (8.9, 8.9) 3.35dd (8.9, 8.9) 3.35dd (8.9, 8.9) 333 m
4 3.24 0l 3.23 0l 320m 3.18dd (8.9, 8.9) 3.23 0l 3.16 dd (8.7, 8.7)
5 371 m 3.69 m 342m 3.68 m 3.70 m 3.64m
6a 4.36dd (6.2, 11.0) 4.33dd (6.2, 10.8) 3.70 m 4.33dd (6.1, 11.0) 4.32dd (6.1, 11.0) 4.31dd (6.2, 11.0)
6b 4.07 brd (11.0) 4.03 brd (10.8) 3.46 brd (11.0) s3m 4.06 brd (11.0) 3.92m
Acyl (RY)
2 3.32s 3.32s 3.33s 3.30s 3.30s
Acyl (R?)
o 6.07d (15.8) 6.16d (15.8) 6.21d(15.8) 6.21d(15.8) 6.13d(15.8) 6.22d (15.8)
B 7.25d(15.8) 7.29 d (15.8) 7.32d(15.8) 7.33d(15.8) 7.28 d (15.8) 7.33d(15.8)
2 6.84d(2.1) 7.24d(8.2) 7.04 s 7.00 s 7.25d(8.2) 7.00 s
3 6.66 d (8.2) 6.69 d (8.2)
5 6.68d(8.2) 6.66d (8.2) 6.73d (8.2) 6.68d (8.2) 6.69 d (8.2) 6.69d(8.2)
6 6.77dd (2.1, 8.2) 7.24d(8.2) 6.92d(8.2) 6.88d(8.2) 7.25d(8.2) 6.88d(8.2)
OMe 371s 3.68s 3.69s
Acyl (R®)
1 5.87d(15.8) 5.89d(15.8) 5.95d(15.8) 5.89d(15.8) 5.98 d (15.8) 6.00d (15.8)
B 7.14 d (15.8) 7.15d (15.8) 7.19d (15.8) 7.15d (15.8) 7.21d(15.8) 7.22d(15.8)
2 6.83d(2.1) 6.84's 7.23d(8.2) 6.84's 7.24d(8.2) 7.26d(8.2)
3 6.68d(8.2) 6.67d(8.2) 6.70d (8.2)
5 6.67d(8.2) 6.68d (8.2) 6.68d(8.2) 6.68d (8.2) 6.67d(8.2) 6.70d (8.2)
6 6.73 dd (2.1, 8.2) 6.74d (8.2) 7.23d(8.2) 6.75d (8.2) 7.24d(8.2) 7.26d(8.2)

a) Signals are overlapped.

HMBC correlations of the two pairs of the protons and car-
bons (H-1 in Gle-B and C-2 in Glc-A, H-1 in Glc-A and C-3)
clarified connectivity of the disaccharide moiety comprised
of Glc-A and Gle-B to C-3 in the pelargonidin nucleus. The
remaining glucosyl residue (Glc-C) was elucidated to be
linked to C-5 in the pelargonidin nucleus by the correlation
between H-1 in Glc-C and C-5 in the HMBC spectrum. The
same HMBC correlations from the three anomeric protons in
1 appeared with regards to the following five new antho-
cyanins (2—6), thereby 3-O-fS-p-sophorosyl-5-O-f-p-gluco-
pyranosylpelargonidin was designated as the common core
structure of 1—6.

Additionally, the respective HMBC correlations from the
carbonyl carbons in the caffeoyl groups to H-6 in Gle-A and
H-6 in Glc-B definitely settled these acyl functions at 6-OH
in Glec-A and 6-OH in Glc-B. The malonyl function was clar-

ified to be attached to 6-OH in Glc-C by the HMBC correla-
tion between H-6 in Glc-A and C-1 in Mal. Consequently,
the structure of 1 was unequivocally established as 3-O-[6-O-
(E)-caffeoyl-2-O-{6-0-(E)-caffeoyl- f-p-glucopyranosyl } - B-
p-glucopyranosyl]-5-O-(6-O-malonyl-S-p-glucopyranosyl)-
pelargonidin (Table 2).

The molecular formula of 2 (0.012% from the roots) was
determined to be C,H;;0,4 by the FAB-MS and HR-FAB-
MS measurement. Intensive analysis of the 1D and 2D NMR
data for 2 clarified the presence of one malonyl, one (£)-caf-
feoyl, and one (E)-p-coumaloyl (Cou) functions as well as
the 3-O-B-p-sophorosyl-5-O--p-glucopyranosylpelargonidin
core structure. The 'H- and *C-NMR spectra of 2 fairly re-
semble those of 1 except for the signals derived from the caf-
feoyl group linked to 6-OH in Glc-A in 1. In the HMBC
spectrum of 2, the correlation peak was observed between 6-
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Table 2. '*C-NMR Data for Anthocyanins 1—6 (150 MHz, DMSO-
dy: CF,CO0D=9: 1)

Carbon 1 2 3 4 5 6
Aglycon
2 163.2 163.2 163.2 163.1 163.2 163.2
3 1445 1445 144.4 144.2 1445 144.4
4 135.2 134.5 135.7 135.0 134.9 135.2
4a 112.2 112.2 111.7 112.1 112.2 112.0
5 155.4 155.4 155.7 155.3 155.4 155.7
6 105.2 105.2 105.0 104.9 105.0 104.7
7 168.3 168.3 167.7 168.1 168.2 168.4
8 96.7 96.7 96.7 96.7 96.7 96.7
8a 155.9 155.9 155.7 155.9 155.9 155.9
Iy 119.5 119.5 119.7 119.5 119.5 119.5
2',6' 135.5 135.5 135.5 135.5 135.5 135.5
35" 117.4 111.4 117.5 117.4 117.4 116.7
4’ 165.7 165.7 165.7 165.7 165.7 165.7
Glc-A
1 100.4 99.9 100.4 100.4 100.0 100.4
2 81.2 80.7 80.9 80.7 80.7 80.7
3 76.4 76.5 76.3 76.6 76.4 76.4
4 70.0 70.2 70.2 70.1 73.0 70.1
5 74.5 74.3 74.5 74.5 74.3 74.4
6 63.3 63.3 63.2 63.5 63.2 63.3
Glc-B
1 104.5 104.3 104.2 104.4 104.4 104.2
2 74.9 74.9 74.8 75.2 75.4 74.8
3 76.5 76.4 76.7 76.5 76.5 76.5
4 70.0 69.8 70.0 70.0 69.7 70.1
5 74.5 74.5 74.2 74.5 74.4 74.4
6 63.2 63.1 63.2 63.3 63.5 63.2
Gle-C
1 101.7 102.0 101.7 101.9 101.8 101.7
2 73.5 73.4 73.7 73.6 73.4 73.4
3 76.3 76.2 76.7 76.6 76.0 76.1
4 70.0 69.8 70.0 70.0 70.0 70.1
5 74.6 74.5 78.2 74.6 74.4 74.5
6 64.3 64.2 60.9 64.6 63.2 64.5
Acyl (RY)
1 166.9 167.0 166.8 167.0 167.1
2 41.7 414 41.6 41.6 41.5
3 167.7 167.9 167.8 167.9 168.0
Acyl (R?)
CO 166.9 166.7 167.0 167.1 166.9 167.1
o 114.0 114.0 114.4 114.0 114.0 114.3
B 145.8 145.4 145.8 145.8 145.8 145.0
1 125.7 125.7 125.7 125.7 125.7 125.7
2 115.5 130.7 111.9 111.7 130.7 111.7
3 145.7 116.0 147.9 148.1 116.0 147.7
4 148.7 160.1 149.7 149.7 160.2 148.8
5 116.1 116.0 115.9 116.1 116.0 116.1
6 121.3 130.7 123.4 123.1 130.7 1233
OMe 56.0 55.7 56.0
Acyl (R®)
CO 166.7 167.1 166.7 166.7 166.7 166.7
[ 114.0 114.0 114.0 114.0 114.0 114.1
B 145.5 145.4 144.9 145.6 145.6 145.7
1 125.7 125.7 125.7 125.7 125.7 125.7
2 1153 1153 130.6 115.2 130.5 130.5
3 145.7 145.7 116.7 145.7 116.1 116.1
4 148.7 148.7 160.2 148.8 159.9 159.7
5 1159 116.0 116.7 116.1 116.1 116.1
6 121.5 121.6 130.6 121.7 130.5 130.5

H in Glc-A and the carbonyl resonance of the p-coumaroyl
group. In addition to this correlation, the HMBC correlations
were confirmed in the same pairs of the protons in the sugar
residues and the other carbonyl carbons as detected in the
HMBC spectrum of 1. Hence, the anthocyanin ingredient
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2 was unambiguously revealed to be 3-O-[6-O-(E)-p-
coumaroyl-2-0-{6-0-(E)-caffeoyl-f-p-glucopyranosyl } - 3-p-
glucopyranosyl]-5-O-(6-O-malonyl--p-glucopyranosyl)-
pelargonidin.

Based on the FAB-MS and HR-FAB-MS data, compound
3 (0.0034% from the roots) was shown to possess the molec-
ular formula of Cs,H;0,5. Comparison of the 'H- and "*C-
NMR spectra of 3 with those of the above-mentioned two an-
thocyanins (1, 2) clarified lack of a malonyl group. The pres-
ence of both (£)-feruloyl and (£)-p-coumaroyl functions was
disclosed along with the 3-O-f-p-sophorosyl-5-O-B-p-glu-
copyranosylpelargonidin core by detailed analysis of the
NMR data for 3. The HMBC spectrum of 3 exhibited the
cross peaks from H-6 in Glc-A to the carbonyl carbon in the
feruloyl group and from H-6 in Glc-B to the carbonyl carbon
in the p-coumaroyl group. Taking these spectral features into
account, the structure of 3 was established as 3-O-[6-O-(E)-
feruloyl-2-O-{6-0O-(E)-p-coumaroyl--p-glucopyranosyl} - B-
p-glucopyranosyl]-5-O--p-glucopyranosylpelargonidin.

The FAB-MS spectra of 4 (0.028% from the roots) exhib-
ited the molecular ion peak at 1181 [M]*, while the molecu-
lar formula CyHy,0,, was determined by the HR-FAB-MS
measurement. The 'H- and *C-NMR spectra are superim-
posable on those of 1 except for the signals due to the caf-
feoyl group at 6-OH in Glc-A of 1. By comparison of the
NMR and MS data of 4 with those of 1, the (E)-feruloyl
group was deduced to be linked to 6-OH in Glc-A of 4 in-
stead of the caffeoyl group of 1. Furthermore, the HMBC
correlations were observed in the following pairs of the pro-
tons and the carbons (H-6 in Glc-A and the carbonyl carbon
in Fer, H-6 in Glc-B and the carbonyl carbon in Caf, H-6 in
Glc-C and C-1 in Mal). Therefore, the anthocyanin 4 was re-
vealed to be 3-0-[6-0-(E)-feruloyl-2-0-{6-O-(E)-caffeoyl-3-
p-glucopyranosyl}-B-p-glucopyranosyl]-5-0-(6-O-malonyl-3-
D-glucopyranosyl)pelargonidin.

From the the FAB-MS and HR-FAB-MS data, the molecu-
lar formula of 5 (0.0071% from the roots) was determined to
be C;,Hs;0,,. On the basis of the NMR data, compound 5
was revealed to possess one malonyl and two (E)-p-
coumaroyl functions along with the core 3-O-f-p-sophoro-
syl-5-0O--p-glucopyranosylpelargonidin. The HMBC spec-
trum of 5 displayed the correlations from H-6 in Glc-A to the
carbonyl carbon in Cou, from H-6 in Glc-B to the carbonyl
carbon in Cou, and from H-6 in Glc-C to C-1 in Mal. These
spectroscopic properties unequivocally constructed the struc-
ture of 3-0-[6-0-(E)-p-coumaroyl-2-0-{6-O-(E)-p-coumaroyl-
B-p-glucopyranosyl}-B-p-glucopyranosyl]-5-O-(6-O-malonyl-
B-p-glucopyranosyl)pelargonidin for 5.

The molecular formula of 6 (0.0056% from the roots) was
determined to be CssH,,O,¢ by the FAB-MS and HR-FAB-
MS analysis. The NMR data for 6 revealed the presence of
one (E)-feruloyl, one (E)-p-coumaroyl, and one malonyl
functionalities. In the HMBC experiment, the correlations
were detected in the following pairs of the protons and car-
bons (H-6 in Glc-A and the carbonyl carbon in Fer, H-6 in
Glc-B and the carbonyl carbon in Cou, H-6 in Glc-C and C-1
in Mal). As a result of comprehensive examination of these
spectroscopic data, the anthocyanin 6 was elucidated to be 3-
0-[6-0-(E)-feruloyl-2-0-{6-O-(E)-p-coumaroyl- f-p-gluco-
pyranosyl}-B-p-glucopyranosyl]-5-O-(6-O-malonyl--p-glu-
copyranosyl)pelargonidin.
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In conclusion, we disclosed the six new acylated antho-
cyanins (1—6) along with the three known congeners (7—9)
from the fresh roots of red radishes cultivated by our group.
Among them, the eight ingredients except for 3 were shown
to contain the malonyl function at 6-OH in the glucopyra-
nosyl residue linked to C-5 in the pelargonidin nucleus. Pre-
viously, the relative malonylated anthocyanins were isolated
from the other red radishes, Raphanus sativus cv. Beijing
hong xin and were found to overwhelmingly possess (E)-fer-
uloyl function in Glc-A and Gle-B.'® On the contrary, the red
radishes used in the present investigation were shown to pro-
duce the anthocyanins including (E)-feruloyl, (£)-p-cou-
maroyl, and (E)-caffeoyl functionalities on the average. This
finding suggests that these two red radishes may possess dif-
ferent process to generate and/or acylate the three phenylpro-
panoic carboxylic acids.

Experimental

General Experimental Procedures 'H- and *C-NMR, and 2D-MNR
spectra were recorded on a Varian Unity Inova 600 (600 MHz) spectrometer.
All NMR data were referenced to a tetramethylsilane (TMS) internal stan-
dard, and chemical shifts are expressed in & ppm. IR spectra were recorded
on a JASCO FT/IR-5300 infrared spectrometer. FAB-MS and HR-FAB-MS
data were acquired on a JEOL JMS-HX 110/110A mass spectrometer. UV
spectra were measured on a Shimadzu UVmini-1200 spectrophotometer.
HPLC was performed on a JASCO PU2080 pump equipped with a JASCO
UV2070 UV detector.

Plant Material The used red radishes were introduced from Yunnan
province of China to Japan in 1996 by San-Ei Gen F. F. I. Inc. Cultivation of
red radishes was conducted at the field in the Botanical Garden belonging to
Graduate School of Pharmaceutical Sciences of Osaka University.

Extraction and Isolation The fresh roots of the red radishes (2.0kg)
were cut into ca. 1 cm cubes, then the cubes were extracted with 5% aqueous
citric acid at room temperature for 6 h for three times. After filtration, the
combined filtrate was absorbed on a Diaion HP-20 (Mitsubishi Chemical,
Japan) column. Then the column was successively eluted by 0.1% aqueous
trifluoroacetic acid (TFA) and 70% aqueous CH;CN containing 0.1% TFA.
The 70% aqueous CH;CN eluent was evaporated in vacuo to give a crude
mixture of anthocyanins (18.9 g). An aliquot of the crude anthocyanin mix-
ture (2.5 g) was repeatedly separated by HPLC (column: Develosil C30-UG
20X250mm, flow rate: 9.0ml, mobile phase: CH;CN:H,O:TFA=
21:79:0.1, detection: 515nm) to provide fr. 1 (44.3 mg), fr. 2 (115.0 mg),
fr. 3 (155.2mg), fr. 4 (95.4mg), fr. 5 (122.0mg), fr. 6 (168.5mg), fr. 7
(85.2mg), fr. 8 (64.7mg), fr. 9 (106.0mg), fr. 10 (46.2mg), fr. 11
(130.8 mg), fr. 12 (30.4 mg), respectively.

Fr. 2 (50mg) was purified by HPLC (column: Supelcosil LC-ABZ
10X250mm, flow rate: 4.0ml, mobile phase: CH,;CN:H,O:TFA=
22:78:0.1, detection: 515nm) to give 7 (10.4mg). Fr. 3 (60 mg) was puri-
fied by HPLC (column: Supelcosil LC-ABZ 10X250 mm, flow rate: 4.0 ml,
mobile phase: CH;CN-H,0-AcOH=8:77: 15, detection: 515nm) to give 1
(14.8mg). Fr. 5 (50 mg) was purified by HPLC (column: Supelcosil LC-
ABZ 10X250 mm, flow rate: 4.0 ml, mobile phase: CH;CN-H,0-AcOH=
12:73: 15, detection: 515nm) to give 8 (6.2 mg). Fr. 6 (50 mg) was purified
by HPLC (column: Supelcosil LC-ABZ 10X250 mm, flow rate: 4.0 ml, mo-
bile phase: CH;CN-H,0-AcOH=12:73:15, detection: 515nm) to give 9
(8.7mg). Fr. 8 (50mg) was purified by HPLC (column: Supelcosil RP-
AMIDE 10X250mm, flow rate: 4.0ml, mobile phase: CH;CN-H,O0-
AcOH=12:73:15, detection: 515nm) to give 2 (24.5mg) and 3 (7.0 mg).
Fr. 9 (50.0mg) was purified by HPLC (column: Cosmosil 5C18-AR-II
10X250mm, flow rate: 4.0ml, mobile phase: CH;CN-H,0-AcOH=
14:71:15, detection: 515 nm) to give 4 (34.5mg). Fr. 11 (50 mg) was puri-
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fied by HPLC (column: Supelcosil LC-ABZ 10X250 mm, flow rate: 4.0 ml,
mobile phase: CH;CN : H,0: TFA=26:74:0.1, detection: 515 nm) to give 5
(7.2mg). Fr. 12 (30.4 mg) was purified by HPLC (column: Supelcosil LC-
ABZ 10X250mm, flow rate: 4.0ml, mobile phase: CH;CN:H,O: TFA=
26:74:0.1, detection: 515nm) to give 6 (14.7 mg).

1: A purple amorphous powder. IR (KBr) cm™': 3300, 1718(sh), 1685,
1641, 1607. UV A, (0.1% TFA-H,0) nm (¢): 518 (18400), 328 (24300),
287 (22000). FAB-MS m/z: 1167 (M)*. HR-FAB-MS m/z: 1167.2826 (Calcd
for C5,Hs0,: 1167.2829). 'H- and *C-NMR: see Tables 1 and 2.

2: A purple amorphous powder. IR (KBr) cm™': 3300, 1716(sh), 1686,
1643, 1606. UV 4, (0.1% TFA-H,0) nm (¢&): 517 (18000), 318 (24200),
288 (21400). FAB-MS m/z: 1151 (M)*. HR-FAB-MS m/z: 1151.2875 (Calcd
for Cy,Hs50,: 1151.2880). 'H- and '*C-NMR: see Tables 1 and 2.

3: A purple amorphous powder. IR (KBr) cm™': 3300, 1685, 1642, 1612.
UV A, (0.1% TFA-H,0) nm (€): 516 (18000), 321 (24000), 285 (21600).
FAB-MS m/z: 1079 (M)". HR-FAB-MS m/z: 1079.3025 (Caled for
C,,H,,0,5: 1079.3032). 'H- and *C-NMR: see Tables 1 and 2.

4: A purple amorphous powder. IR (KBr) cm™': 3300, 1715(sh), 1685,
1641, 1604. UV A, (0.1% TFA-H,0) nm (¢): 519 (18600), 329 (24700),
286 (20600). FAB-MS m/z: 1181 (M)*. HR-FAB-MS m/z: 1181.2988 (Calcd
for CssHy;0,: 1181.2986). 'H- and *C-NMR: see Tables 1 and 2.

5: A purple amorphous powder. IR (KBr) cm™': 3300, 1717(sh), 1688,
1649, 1600. UV 4, (0.1% TFA-H,0) nm (¢&): 515 (19200), 317 (25100),
288 (22000). FAB-MS m/z: 1135 (M)*. HR-FAB-MS m/z: 1181.2930 (Calcd
for Cy,Hs50,7: 1135.2931). 'H- and '*C-NMR: see Tables 1 and 2.

6: A purple amorphous powder. IR (KBr) cm™': 3300, 1713(sh), 1683,
1643, 1605. UV A, (0.1% TFA-H,0) nm (¢): 517 (18500), 320 (24500),
286 (21700). FAB-MS m/z: 1165 (M)*. HR-FAB-MS m/z: 1165.3034 (Calcd
for C5sHy;0,4: 1165.3036). 'H- and *C-NMR: see Tables 1 and 2.
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