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Abstract —— Five new prenylated flavoncids were isolated from the
aerial parts of Glycyrrhiza uralensis FIStH. et DC. (Leguminosae),

and the structures of the new compounds, gancaonins L, M, N, O,
and P were elucidated as 8-prenylated 5,7,3',4'-tetrahydroxy-
isoflavone, 8-prenylated 5,7-dihydroxy-4'-methoxyiscflavone,

f-prenylated 4'-methexy-5,7,2'-trihydroxyiscflavone, 6-prenylated
5,7,3',4'-tetrahydroxyflavone, and 6-prenylated 5,7,3',4'-tetra-

hydroxyflavoncl, respectively, on the basis of spectral evidence.

In the previous papers,l_3 we reported the structure determinations of iso-
prenoid-substituted flavonoids from Xibei licorice (Glycyrrhiza spp., Leguminosae,

Seihoku Kanzo in Japanese) and the aerial parts of Glycyrrhiza uralensis FISth. et

DC. In continuation of the studies, we examined the phenolic constituents of the
aerial parts of G. uralensis, and describe here the characterization of five new
prenylated flavonoids, gancaonins L (1), M (2), N (3), O {(4), and P (5). From the
ethanol extract of the aerial parts of G. uralensis, these new flavcnoids were
isolated as described in "Experimental."

Gancaonin L (1}, colorless prisms, mp 185-192 °c, c20H1806' gave a dark green color
with methanclic ferric chleride, and was positive to the Gibbs test. The uv spectrum
of 1 exhibited maxima at 207, 266, 293 (sh), and 340 (sh) nm, and resembled the
sprctra of isoflavone derivatives having an isoprencid meoiety in the A—ring.3
Moreover the uv spectrum of 1 showed remarkable bathochromic shift upon addition of
aluminum chleride, while the spectrum exhibited hypsochromic shift on addition of
hydrochloric acid to the aluminum chloride solution. These results suggest the

presence of the ortho-dihydroxyl groups in the struc:ture.4 The 1H nmr sSpectrum

— 373 —



Ry

OR3 OH O
7:Ry=Rp=H,R3=CHj 10:Ry=Rg=H
8:R1=H.R2=OH,R3=CH3 ”:R1=Q_GIC#R2=H
$:Ri=CH3, Ry=R3="H 12: Ry=geranyl,Ry=CH3

13

showed the characteristic signal at 48.24 (C-2-H) and the signals of following
protons: 1) protons in a 3,3-dimethylaliyl {prenyl) group, 81.66 (3H, br &4, J =1
Hz}, 1.80 {(3H, br s), 3.45 (2H, br 4, J = 7 Hz), 5.25 (1H, br t, J = 7 Hz}, 2) ABC
type aromatic protons, §6.88 (1H, 4, J = 8 Hz), 6.95 (1H, dd, J = 2 and 8 Hz), 7.16
(l1H, 4, J = 2 Hz), 3) an aromatic proton, é6.36 (lH, s), 4) a proton in a

13

hydrogen-bonded hydroxyl group, 613.00 (1H, s). The € nmr spectrum of 1 (gated

deccoupling with NOE) was measured, and the carbon atoms were assigned as shown in

Table 1 on the basis of coupling patterns as well as by comparison of the 13C nmr

spectrum of 1 with that of gancacnin D (6).3 Two oxygenated carbon atom signals were
observed at §145.65 and 146.26 suggesting that 1 has a 3',4'-dioxygenated phenyl
moiety.s On the other hand, our group reported that the EI mass spectrum of
8-prenylated flavonoids, except 8-prenylated flavanones, showed the intense fragment
ions (M - CH3)+, (M - C4H7)+, and (M - CSHB)+ originated from the destructicn of the

prenyl group in the molecular icn, while the spectra of 6-prenylated flavonoids,
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Table 1. l3C Nmr data of 1 - 5 in acetone—d6 at 30°C and gancaonin A (n<
c 1 2 3t 7 4 5
2 154.39 (D)§'a 154.56 (D) 156.42%* 154.16 164.88 (Std) 146.67 (5t)
3 123.90* {Sm) 123.48* (Std) 122.12 123.84* 104.22 (D) 136.71 (8)
4 182.02 (sd) 181.95 (sd) 182.28 181.67 183.13 (Sbr) 176.56 (84d)
4a 106.33 (St) 106.28 (St) 105.93 106.17 105.29 (Std) 104.04 (St)
5 161.58 (St)b 161.54 (deﬁ 160.42 160.77 160.23 (5td)} 158.96 (Std}
6 99.48 (D4} 99.50 (Dd4)  112.34 112.62 112.38 (Sm) 111.81 (Sm)
7 162.23 (5m) 162.27 (Sm) 162.96 162.69 162.42 (5td} 162.78 (s5td)
8 107.22 (Sm} 107.26 {5m) 93.95 93.95 $4.10 (D) 93.91 (D)
ga 156.30 (5td) 156.32 (std) 156.93* 156.91 156.39 (Sd& 155.67 (s8d)
' 123.80* (8Sm) 124.37* (Std) 112.85 124.53* 124.02 (8) 123.93 (8m)
2' 117.33 (bd) 131.11 {pd) 157.82 131.14 114.46 (Dd) 115.76 (D)

3' 145.65 (Sddd) 114.54 (Dd) 103.48 114.62 146.46 (5Sd4dd) 145.84 (5ddd)
4' 146.26 (5ddd) 160.69% (Sm) 162.45 160.77 149.96 (Sddd) 148.29 (Sddd)

5' 115.97 (D) 114.54 106.75 114.62 116.65 (D) 116.22 (bd)

6' 121.56 (Dd) 131.11 131.82 131.14 120.10 (Dd; 121.43 (D4}

9 22.07 (Td) 22.05 (Td) 22.10 22.10 22.03 (rd) 22.01 (T4}
10 123,17 (Dm) 123.13 (Dm) 123.07 123.24 123.26 (Dm) 123.24 (Dm}
11 132.03 (8Sm) 132.06 (Sm) 132.84 131.72 131.61 (Sm) 131.65 {Sm}
12 17.88 (Qm} 17.89 (Qm) 17.92 17.91 17.9¢ {(Qm) 17.91 {Qm)
13 25.83  (Qm) 25.85  (Qm} 25.86 25.83 25.87 (Qm) 25.88 (Om)
OCH3 55.61 55.59 55.65

¢! measured in acetone—d6 at 45°C. §: Capital letters refer to the pattern resulting from directly
bonded proton(s) and lowercase letters to long-range 13C-lH coupling. +: The datum was obftained
only from the cemplete decoupling spectrum. *: Assignment may be interchanged in each column.

1

1 1
a: J = 198 Hz, b: "J = 160 Hz, 3 = 7 Hz. ¢: "J = 196 Hz. d: The signal was overlapped with

Tos, 085
the part of Cl0 signal.

except 6-prenylated flavanones, showed the intense fragment ions (M - C3H7)+

and (M - C4H7}+.6 The EI-ms of 1 showed the fragment ions at m/z 339 [(M - CH3)+,

relative intensity 100%)], 311 [(M - C3H7)+, 4%)], 299 [(M - C4H7)+, 308], and

286 [{M - C5H8}+. 37%], suggesting that the prenyl group is located at the C-8

position. This suggestion was confirmed by the fact that the signal of the carbon

13

atom at the C-6 position was observed in the C nmr spectrum of 1 at £99.48 as a

doublet of doublet (lJ = 160 Hz, 7 Hz) (Takle 1). The location of the

3Jcs,ons
prenyl group in 1 was further supported on the following evidence. In the lH nmr
spectra (in acetone-dé) of the 8-isoprenylated iscflavones having no hydrexyl group
at the C-2' position {C-2'-H), the proton signal of the hydrogen-bonded hydroxyl
group at the C-5 position and the signal of the proton at the C-2 position were
observed at §ca. 13.0 and ca. 8.25, respectively, while the 6-isoprenylated
isoflavenes (C-2'-H) showed the signals of the hydrogen-bonded hydroxyl group and of
the proton at the C-2 position at 693;_13.3 and 8.15, respectively {Table 2). In the

case of 8-isoprenylated 2'-hydroxyisoflavones, the signals of the hydrogen-bonded

hydroxyl group at the C-5 position and of the proten at the C-2 position were
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Table 2. <Chemical shifts (4) of C-5-0H and C-2-H of isoflavone in acetone-d

6
trivial name chemichal shift of isoprenoid group OH-positions ref.
C~5-0OH C(-2-H on A-ring*

lupiwighteone 12.98 8.2¢6 8—C5H9 5,7,4" 10

wightecne 13.32 8.1% 6-C H9 5,7,4° 1
4 (0.34) (-0.11) >

gancaonin C 12.98 8.27 8-C_Hy0 5.7,4" 3

hydroxywighteone 13.33 8.15 6—C5H90 5,7,4" 10
4 (0.35) (-0.12)

lupiwighteone

hydrate 12.97 8.%6 8'C5H110 5,7,4" 10

wighteone hydrate 13.31 8.14 6—C5H110 5.7,4" 10
4 (0.34)  (-0.12)

2,3-dehydrokievitone 12.70 8.26 8—C5H9 5,7,2',4" 10

luteone 13.05 8.14 6-C5H9 5,7,2',4° 10
4 (0.35) (-0.12)

2, 3-dehydrckievitone

hydrate 12.68 8.26 8—C5HllD 5,7,2",4" 10

luteone hydrate 13,04 8.14 6-C5HllO 5,7,2",4"' 10

A {(0.36) (-0.12)

*: C5H9 = prenyl, C5H110 = 3-hydroxyisoanmyl, C5H90 = 3-hydroxymethyl-2-butenyl

Table 3. Chemical shifts (d) of C-5-OH and C-2-H of 1, 2, 3, and 7 in acetone-d

(460 MHz) 6

trivial name Chemical shift of prenyl group OH-positions
C-%-0H C-2-H on A-ring
bicochanin a* 13.01 8.20 none 5,7,(4'-0OMe}
gancaonin M (2} 12.95 8.28 8-prenyl 5,7,{4'-0Me)
gancaonin A (7} 13.2% §.18 b-prenyl 5,7,{4'-0Me)
4 {0.34)  (-0.13)

gancaonin L (1) 13.00 8.24 8-prenyl 5,7,3',4"
gancacnin N {3) 13,03 8.16 b-prenyl 5.7,2',{4'-0OMe)

*: commercial reagent (Aldrich Chem. Co.)}. The signals were observed at 412.98 {{-5-OH) and 8.17
{(C-2-H) when measured at 35°C, and at 412.95 (C-5-0H) and 8.14 (C-2-H) when measured at 50°C in
acetone-4 .

8
observed at §ca. 12.7 and ca. 8.25, respectively, while the 6g-isoprenylated
2'-hydroxyisoflavones showed the signals of the hydroxyl group and of the proton at
the C-2 position at dca. 13.0 and ca. 8.15, respectively (Table 2). The relevant
proton signals of 1 were observed as shown in Table 3, From the above results, the
formula 1 is represented for the structure of gancaonin L.
Gancaonin M (2}, colorless prisms, mp 139-141 °C, C21H2005, gave a dark prown ceclor

with methanolic ferric chloride, and was negative to the Gibbs test. The uv spectrum

3 and showed a remarkable

of 2 resembled the spectra of 1 and gancaonin A (7},
bathochromic shift upon addition of aluminum chloride. The lH nmr spectrum exhibited
the signals of following protons: 1) protons in a prenyl group, 61.66, 1.81 (each

3H, br 4, J = 1 Hz), 3,45 (2H, br d, § = 7 Hz), 5.25 (lH, br t, J = 7 Hz), 2)
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protons in a methoxyl group, & 3.84 {(3H, s), 3} an olefin proton, 68.28 (1H, s),

4) A,B, type arcmatic protons, §7.00 (2H, d, J = 9 Hz), 7.56 (2H, d, J =9 Hz), 5)

an aromatic proton, §6.37 (1H, s}, 6} a proton 1n a hydregen-bonded hydroxyl group,

$12.95 (1H, s). The EI-ms of 2 showed the fragment ions at m/z 337 [(M - CH3)+,

+ + +
100%), 309 [(M - CyH T, 5%)], 297 [{M - C,H) 31%], 284 [(M - C.Hg) 'y 48%] .

Compariscn of the lBC nmr spectra between 2 and 1 revealed that the chemical shifts
of all the carbon atoms in the A- and C-ring of 2 were in good agreement with those
of the relevant carbon atoms of 1. The location of the methoxyl group was confirmed
by the acetylation shift. In the 1H nmr spectrum of gancaonin M moncacetate {2a),
the proton signal at the C-6 position showed a remarkable downfield shift (-0.25
ppm). The location of the prenyl group was supported by the chemical shifts of C-5
hydroxyl group and C-2 proton (Table 3). From these results, the structure of
gancaonin M is represented by the formula 2.

Gancaonin N (3), colorless prisms, mp L159-162 nC, C21H2006, gave a reddish viclet

color with methanolic ferric chloride, and was positive to the Gibbks test. The uv

1

spectrum of 3 resembled the spectra of 1 and 2. The “H nmr spectrum (in €DC1.)

3
showed the signals of the following protons: 1) protons in a prenyl group, §1.78

(38, br d, J = 1 Hz), 1.85 (3H, br s), 3.48 (2H, br 4, J = 7.5 Hz), 5.28 (lH, br t,

J = 7.5 Hz), 2) protons in a methoxyl group, 63.82 (3H, s), 3) an olefin proton,
$7.95 (1H, s), 4) ABC type arcmatic protons, 66.56 (1H, dd, J = 2.5 and 8 HBz), 6.65
{lH, 4, J = 2.5 Hz), 7.05 {(1H, 4, J = 8 Hz}, 5) an aromatic proton, §6.46 {(1iH, s),
€6) a proton in a hydrogen~bonded hydroxyl group, é12.66 (1H, s). The above results

suggest that 3 is an isoflavone derivative having a prenyl group in the A-ring. The

EI-ms of 3 showed the intense fragment ions at m/z 325 [(M - C3H7)+, 100%] and
o+

N )", 16%] and 300 [(M

313[tM - C4H7) , 72%], while the weak ones at m/z 353 [(M - CH3

C5H8)+, 4%]. This fragmentation pattern of the prenyl group is characteristic for

the 6-prenylated flavonoids,6 and the similar results were observed in the spectra

of 6-prenylated isoflavones, such as gancaonins A (7).3 B (B),3 and G {9).1

Comparison of the 13(3 nmr spectra between 3 and 7 revealed that the chemical shifts
of carbon atoms at the C-6 and C-8 positions of 3 were in good agreement with those
of the relevant carbon atoms of 7 (Table 1). While the chemical shifts of carbon
atoms at the C-6 and C-8 positions of 3 were inconsistent with those of the relevant
carbon atoms of 1 and 2 (Table 1). The 2'-hydroxy-4'-methoxyphenyl partial structure

for the B-ring was confirmed from the fellowing evidences {(1-3).

1. The lH nmr spectrum of 3 showed the ABC type aromatic proton signals being
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assignable to the B-ring protons.

2. The 13C nmr spectrum of 3 exhibited the signals of the oxygenated carbon atoms in
the B-ring at §157.82 and 162.45 suggesting that the B-ring is no E/B—oxygenations.5
3. The nuclear Overhauser effect (NOE} measurement (in CDC13) was carried out as
follows: When the methoxy signal was irradiated, the proton signal at the C-3'
(66.65, d, J = 2.5 Hz) increased by 20% in area and the proten signal at the C-5'
{66.56, J = 2.5 and 8 Hz) increased by 10%.

The location of the prenyl grcup was further supported by the chemical shifts of C-5
hydroxyl grcup and C-2 proten (Table 3). From the above results, the structure of
gancaonin N is represented by the formula 3.

Gancaonin ¢ (4), yellow needles, mp 245-248 °C, gave a dark green color

€20M18%-
with methanolic ferric chloride test, and was positive to the magnesium-hydrochloric
acid test. The uv spectrum of 4 was similar to the spectra of luteolin {10),4
isoorientin (11),4 and canniflavone-2 (12).' Moreover the uv spectrum of 4 showed a
bathochromic shift upon additicn of aluminum chloride, while the spectrum showed a
hypsochromic shift on addition of hydrochloric acid to the aluminum chleride added

solution, suggesting the presence of ortho-dihydroxyl groups in the structure of 4.4

The L

H nmr spectrum showed the signals of the following protons: 1) protons in a
prenyl group, §l1.65 {3H, br 4, J = 1 Hz), 1.78 (3H, br s}, 3.35 (2H, br 4, J = 7
Hz}, 5.28 (1lH, br t, J = 7 Hz), 2) ABC type aromatic protons, §7.00 (lH, 4, J = 8
Hz), 7.45 (1H, dd, J = 2 and 8 Hz), 7.49 (1H, d, J = 2 Hz}), 3) olefin and/or
aromatic proton{s), §6.58, 6.59 (each 1lH, s), 4} proton in a hydrogen-bonded
hydroxyl group, §13.28 (1H, s). In the 13C nmr spectrum of 4 (gated decoupling with
NOE), the carbon atoms were assigned as shown in Table 1 from coupling patterns of

the signals as well as by comparison of the 13

C nmr spectrum of 4 with those of 3,
10,5 and 12.7 Presence of a 3',4'-dioxygenated phenyl moiety in 4 was suggested by
the chemical shifts of two oxygenated carbon atoms in the B-ring at 4 146.46 and
149.96.5 This suggestion was further supported by the presence of the ABC type
aromatic proton signals in the lH nmr spectrum of 4. The EI-ms of 4 showed the
intense fragment ions at m/z 311 [(M - C3H7)+, 100%], 299 [(M - C4H7)+, 84%], while
exhibited the weak ions at m/z 339 [(M - CH3)+, 193], 286 [(M - C5H8)+. 5%]. In the
13C nmr spectrum of 4, the signals of carbon atoms at the C-6 and C-8 positions were

observed as a multiplet of singlet and a doublet (lJ = 164 Hz), respectively.

Moreover the chemical shifts of carbon atoms at the C-6 and C-8 positions {C&:
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§112.38, C8: §94.10) were similar to those of the relevant signals of 12 (Cé6:
$6111.8, C8: §d94.0 in Dh-‘lSC)-de).T'l From the above results, the structure of ganhcaonin O
is represented by the formula 4.

Gancaonin P (5), yellow needles, mp 238-240 *c, C gave a green color with

20H1307'
methanolic ferric chloride, and was positive both to the magnesium-hydrochloric acid

test and to the zirconium oxychloride test. The uv spectrum of 5 was similar to the

4 1

spectra of flavonol derivatives. The “H nmr spectrum showed the signals of the

following protons: 1) protons in a prenyl group, §1.65 (3H, br s), 1.79 (3H, br s},
3.37 (2H, br d, J = 7 Hz), 5.28 (1H, br t, J = 7 Hz), 2) ABC type arcmatic protons,
§6.99 {(1H, 4, J = 8.5 Hz), 7.82 (1H, 4, T = 2 Hz), 7.69 (1H, &, J = 2 and 8.5 Hz),
3) an aromatic proton, §6.59 (1lH, s), 4) proton in a hydrogen-bonded hydroxyl group,
$12.41 (l1H, s). The ET-ms of 5 showed the intense fragment ions at m/z 327 [(M -

C3H7)+, 868}, 315 [(M - C4H7)+, 100%], while exhibited the weak ions at m/z 355

13

[(M - CH3)+, 18%], 302 [(M - C5H8)+, 6%]. In the ~°C nmr spectrum of 5, the signals

of the carbon atoms at the £-§, C-8, and C=-8a positions were observed as a multiplet

of singlet (§111.81), a doublet (593.91, lJ = 164 Hz), and a doublet ({4155.67,

2 13
Jega, HB c

8-prenylated flavenol, ikarisoside A (13), the signals of carbon atoms at the C-6,

C-8, and C-8a positions were observed as a doublet of doublet (§98.42, 1J = 160 Hz,

3 -
Jee, 005

4 Hz), respectively (Tabkle 1). While in the nmr spectrum of

7 Hz), a multiplet of singlet (§106.0), and a triplet {§153.59, 3Jcaa'H9
= 4 Hz), respectively.8 These results reveal the locaticn of prenyl group at the C-6
position. A 3',4'-dioxygenated phenyl structure for the B-ring was confirmed by the
chemical shifts of two oxXygenated carbon atoms in the B-ring at &8 145.84 and 148.29
{Table l),5 and by the presence of the ABC type aromatic proton signals. From the

abovye results, the structure of gancaonin P is represented by the formula 5.

EXPERTMENTAL

Abbreviaticns: s = singlet, d = doublet, dd = double doublet, t = triplet, m = multiplet, br =
broad, sh = shoulder, infl = inflection, The general procedures followed as described in our

1,9

previous paper and the instruments used are described in the paper.l

Isolation of Gancaonins L {1), M (2), N (3}, 0 (4), and P {5) from the Aerial Parts of Glycyrrhiza

uralensis

3
The ethanol extract {590 g)~ was obtained from the dried aerial parts (6 Kg) of Glycyrrhiza
uralensis FISCH. et DC. f{Leguminosae), A part of the extract (280 g) was chromatographed on

Amberlite XAD-2 (1 1}, successively with H_O (1.5 1}, and methanol (1.5 1) as an eluent. The 0

2
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eluted fraction was lyophillized to give a residue {101 g}, and the methanol eluted fraction was

evaporated to give a residue {48 g). The residue {48 g} eluted with methancl was rechromatographed
on Amberlite XAD-2 (1 1), successively with n-hexane (1 1), benzene (3 1), benzene-acetone=4:1 (2
1), benzene-acetone=3:2 {2 1), acetone {2 1), and methancl (1 !). The benzene eluted fraction was
evaporated to give a residue (25 g). The residue (25 g} was chromatographed cn silica gel (200 g),
succesively with n-hexane-benzene=1:1 (fractions 1-6), benzene (fr. 7-20), benzene-acetone=1:1 (fr.
21-22], and acetone (fr. 23-25) as an eluent, each fraction (eluted wvolume of 500 ml) being
monitered by tle. The fraction 4 (0.2 g of residue) was fractionated by HPLC (solvent:
n-hexane—ethyl acetate=4:1, column: Senshu Pak S5C-8ilica 4251-N, 5 p, 1 cmg x25 em, detector: 280
nm) to give gancaonin N {3, 3 mg). The fraction 7 (1 g} was fractionated by preparative tic (silica
gel, solvent system, n-hexane-acetone=2:1, chloroform-acetone=6:1) to give gancaonin M (2, 20 mg).
The benzene-acetone=4:1 eluted fraction on the Amberlite XAD-2 was evaporated to give a residue (10
g). This residue (10 g) was chromatographed on silica gel (200 g}, successively, with chloroform
{fr. 1-5, eluted wvolume of 300 ml each), chloroform-acetone=%:1 (fr. 6-9), chloroform-acetone=1:1
(fr, 10-19), and acetone (fr. 20-24) as an eluent. The fractions 5-6 {0.7 g} was chromatographed on
Sephadex LH-20 (2 cm¢f %25 em) with methanol as an eluent to give gancaonin P {5, 20 mg). The
fraction 7 (0.% g) was fracticnated by Sephadex LH-20 chromatography (2 cmﬂ %25 cm) with methanol as
an eluent, and then hy preparative tlc {silica gel, chloroform-acetone=2:1) to give gancaonin L (1,
23 mg). The fraction 11 (0.4 g} was chromatographed on Sephadex LH-20 (2 cmg x25 cm) with methanol

as an eluent to give gancaonin 0O (4, 15 mg).
Gancaonin L (1)

Gancaonin L (1) was recrystallized from acetone-n-hexane to give colorless prisms, mp 189-192 ‘o,

FeCl3 test: dark green. Gibbs test: positive. Uv AMeOH nm {log €): 207 (4.54), 266 (4.50), 293 {(sh
max
4.05), 240 (sh 3.57). vv A TCORALCls ang (4.55), 277 (4.48), 390 (3.55). Uy AMECHHALCLHCL 00
max

K - max
(4.59), 279 (4.83)}, 370 (3.68). Ir y Br 3280, 1620, 1610 (sh), 1500. EI-Ms (probe), 70 eV,

max
m/z {rel. int.): 355 [M+:L}+ {21 %), 354 [M]* (87), 339 (100), 311 (4), 289 (30), 298 (4), 286 (37),
165 (7), 134 (6). HR-Ms, m/z: 354.1080 [M]* (CEOHISOG requires: 354.1104), 339.0847 [M - CHSJ+

+ .
(C19H1506 requres: 339,0869), 299,0651 [M - 54H7} (016Hllo6 requires: 299.0556), 286.0482 [M -

+ . i
CSHB] (015H1005 requires: 286.0477). "H HNmr (acetone—dS)‘ ¢1.66 (3H, br d, J = 1 H=z, C—11~CH3L

1.80 (3H, br s, CkllﬁCHs), 3.45 (2H, br &, J = 7 Hz, C-9-Hx2), 5.25 (lH, br t, J = 7 Hz, C-10-H},

6.36 (1H, s, C-6-H), 6.88 (iH, d, J = & Hz, C-5'-H)}, 6.95 {1H, dd, J = 2 and 8 Hz, C-6'-H), 7.16
(1H, d, J = 2 Hz, C-2'-H), 8.24 (1H, s, C-2-H), 13,00 (1H, s, C-5-OH).

Gancaonin M (2}

Gancaonin M (2) was recrystallized from ether-n-hexane to give colorless prisms, mp 139-141°C. FeCl

3
test: dark brown. Gibbs test: negative. Uv 1xziH nm {log E)}: 208 (4.51}, 265 (4,61), 333 (3.82). Uv
MeOH+A1C1

Nan 0131 210 (4.58), 277 (4.62), 391 (3.64). Uv koo eORCL 515 (4.6a), 269 (4.54), 334 (3.78).

EI-Ms, m/z {rel. int.}: 353 [m+1]’ (22%), 352 [M]" (24}, 337 (100), 209 (5), 297 (31), 284 (48), 165
(6), 155 (8), 148 (14), 132 (9). HR-Ms, m/z: 352.1294 [m]* (C, K, 0_ requires: 352.1311), 337.1063

2172075
+ *
i - H i : . . - i H
! C 3] (Conlzos requires: 337.1076), 297 07?5 [M C4H7] (C17H1305 requires: 297.0763),
284.0701 [M - C5H8] (016H1205 requires: 284.0685). “H Nmr (acetone—dG): 41.66, 1.81 (each 31, br d,
J =1 Hz, C—11—CH3), 3.45 (2H, br d, J = 7 He, C-9-Hx2), 3.84 (3H, s, OCHB), 5.25 (1H, br t, J = 7

Hz, C-10-H}, 6.37 (2H, s, C-6-H), 7.00 (2H, 4, J = 9 Hz, C-3'-H and C-5'-H}, 7.56 (2H, 4, J = 9 Hz,
C-2'-H and C-6‘-H), 8.28 (1H, s, C-2-H}, 9.65 (IH, br s, OH), 12,95 {1H, s, C-5-0OH).
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Gancacnin M Monoacetate (2a)

A mixture of 2 (3 mg), acetic anhydride (0.1 ml), and pyridine {0.1 ml) was kept at room temperature

for 10 min and treated as usual. Gancaonin M meonoacetate (2a, 1 mg) was obtained as colorless

3

prisms, mp 104-106
305 [m+1]" (20%), 394 [M]T (75), 352 (56), 351 (64), 337 (78), 335 (21), 297 (100}, 284 (41}, 135
(28), 132 (21). lH Nmr(acetone—ds):51.67 (3H, br d¢, J =1 He, C—ll—CHS), 1.81 (3H, br s, c-11_CH3),
2.35 {3H, s, CGAc), 3.42 (2H, br d, J = 7 Hz, C-6-Hx2), 3.85 (3H, s, OCHj), 5.14 (1H, br t, J = 7 Hz,

C (from acetone-n-hexane). FeCl3 test: reddish violet. EI-Ms, m/z {rel. int.}:

c-10-H), 6.62 (1H, s, C-6-H), 7.02 (2H, d, J = 9@ Hz, C-3'-H and C-5'-H), 7.53 (2H, d, J = 9 Hz,
¢-2'-H and C-6'-H), 8.43 (1H, s, C-2-H), 12.87 {(1H, s, C-5-OH).

Gancaonin N (3)

Gancaonin N {3) was recrystallized from acetcne-benzene-n-hexane to give colorless prisms, mp
159-162 "C. FeCl, test: reddish violet. Gibbs test: positive. Uv AMeiH mm (log £): 206 (4.45), 213
{sh 4.43), 265 (4.27), 290 (sh 4.00), ﬁo(nﬁlaAm.UvAﬁimNJﬁﬁ 271 (4.24), 338 (3.78). Uv
AZYOH, 206 (2.42), 266 (4.27), 290 (sh 2.00), 300 (infl 3.50). Aiet™%3 tarter 30 min): 208
(4.45), 278 (4,29), 310 (sh 3.82), 378 (3.37). EI-Ms, m/z (rel. int.): 369 fM+1]+ (oa%), 3868 [M]”
{96), 353 {1s), 339 [(5), 325 (100), 300 (4}, 313 (72), 312 (17), 295 (5}, 269 (2), 165 (13), 143
{13), HR-Ms m/z: 368.1255 m)* (€, Hy00, requires 368.1259), 325.0717 [M - c31-1,,,]+ (ClBH1306 requires
325.0712), 313,0716 [M - C4H7]+ (c17H1306 requires 313.0712). 1H Nmr (acetone—ds): d1l.65 (3H, br d,
J = 1 Hz, C-11-CH,), 1.78 (3H, br s, C-11-CH,), 3.38 (2H, br d, J = 7 Hz, C-9-Hx2), 3.80 (3H, s,
DCHS), 5.27 (1, br t, J = 7 Hz, C-10-H), 6.53 (1H, dd, J = 2.5 and ca. 8 Hz, C-5'-H, overlapping
with the signals at 6.54), 6.54 (1H, s, C-8-H), 6.54 (1H, d, J = 2.5 Hz, C-3'-H, overlapping with
the signals at 6.53), 7.21 (1H, 4, J = 8 Hz, C-6'-H), 8.16 (1H, s, C-2-H), 13,03 (1H, s, C-5-CH),

15 Nmr (encl,): 61.78 {3H, br d, J = 1 Hz, C-11-CK.), 1.85 {(3H, br s, C-11-CH ), 3.48 (2H, br d, J =
3), 5.28 (1H, br t, J = 7.5 Hz, C-10-H), 6.46 (1H, s, C-8-H}, 6.56

(1K, dd, J = 2.5 and 8 Hz, C-5'-H), 6.656 (1H, d, J = 2.5 He, C-3'-H), 7.065 (1H, d, J = 8 Hz,
C-6'-H), 7.95 (1H, s, C-2-H}, 12.66 {lH, s, C-5-0H).

7.5 Hz, C-9-Hx2), 3.82 (3H, s, OCH

Gancaonin 0 (4)

Gancaonin O (4) was recrystallized from n-hexane-acetone to give yellow needles, mp 245-248°C. FeCl3

test: dark green., Mpg-HC1 test: reddish orange. Zn-HCl test: violet. Uv)\MEOH nm (log £): 214 (4,53),

max
254 (4.17), 273 (a.20), 345 (4.32). uv ANSOBHALCLL 505 466y, 27 (4.27), 419 (4.36). v

max
AMEOHHALCLL+HCL, )0 (4 66), 268 (4.13), 286 (4.19), 295 (sh 4.15), 354 (4.30). Uv A ﬁii”*NaOAC: 215

max
(4.62), 240 (4.20), 273 (4.20), 366 (4.19)., Ir uﬁii el 3450 (br), 3250 (br), 1655, 1620, 1600
{sh), 14¢5. EI-Ms, m/2 (rel. int.): 355 [M+11+ (17%), 354 [M]+ (66), 339 {19), 311 {(1o0), 299 (84),
298 (5), 286 (5), 165 (B). HR-Ms, m/z: 354,1065 [m]* (CZOHlsos requires 354.1104), 311,0553 [M -
CSH7}+ (Cl'lelOE requires 311.0555), 299.0568 [M - C4H7]+ (ClﬁHllOG requires 299.0555]. 1H Nmr
(acetone-da): 41,65 (30, br d, J = 1 Hz, C-ll—CHa), 1.78 {3H, br s, C—ll—CHS), 3.35 (PH, br d, J =7
Hz, C-9-H}, 5.28 (1H, br t, J = 7 Hz, C-10-H), 6.58 {1H, s, C-3-H or C-8-H), 6.59 (1H, s, C-8-H or
Cc-3~H), 7.00 (1H, 4, J = 8 Hz, C-5'-H), 7.45 (1H, dd, J = 2 and 8 Hz, C-6'-H), 7.49 (1H, 4, J = 2

Hz, C-2'-H), 8,95 (3H, br s, OHx3), 13,28 (1H, s, C-5-CH).
Gancacnin P {5)

Gancaonin P (B) was recrystallized from acetone to give yellow needles, mp 238-240 ‘c. FeCl3 test:
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green. Mg-HCl test: dark red. Zn-HCl test: negative, ZrOClZ—citric acid test: positive. Uv AﬁggH nm
(log ©): 208 {(4.44), 231 (sh 4.15}, 257 (4.18), 272 (sh 4.03}, 295 (sh 3,72}, 372 (4.20). Uv

MeOH+ALCL MeOH+A1G1_+HCL
Nmax Uv Aoy 3 . 209 (4.42), 256

_1.

3: 209 (4,42), 270 (4.26), 370 (sh 3.70), 442 (4,34).

KB
(2.27), 366 (sh 3.76), 439 {4.34). Uy heom*lia®he, 515 (4.66), 262 (4.14), 382 (4.15). Ir Vooy cm

3600, 3500, 3300, 1650, 1615, 1605, 1595, 1510 (sh), 1480. EI-Ms, m/z (rel. int.}: 371 [M+1]+ (19%),
370 [M]+ (80), 355 (i8), 327 (86), 315 (100}, 314 (15), 302 (8), 137 {(12). HR-Ms, m/=z: 370.1037

M (G, H g0, Tequires 370.1082), 327.0512 [M - c3H7]+ {c,H,,0, requires 327.0505), 315.0496 M-
1

+ + .
i - H. 0 .0426). "H Nmr
04H7} (015H1107 requires 315.0506), 314,0406 [M C4H8] (Clﬁ 109 Teduires 314.0 ) m;

(acetoneada): 61.65, 1.79 {each 3H, br s, C—11—CH3), 3.37 (2H, br d, J = 7 Hz, C-9-Hx2), 5.28 {(1H,
br t, J = 7 Hz, ¢-10-H), 6.59 {1H, s, C-8-H), 6.99 (1H, &, J = 8.5 Hz, C-5'-H), 7.68 (1H, dd, J = 2
and 8.5 Hz, C-6'-H), 7.82 (1H, 4, J = 2 Hz, C-2'-H), 12.41 (1H, s, C-G-OH).
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