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New Prenylated Flavones from the Roots of Ficus beecheyana
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Two new prenylated flavanones, ficubee A and ficubee B, respectively, as 7,8-(2,2-dimethylpyrano)-6-
prenyl-5,3',4'-trihydroxyflavone and 6,7-(2,2-dimethylpyrano)-8-prenyl-5,3’,4'-trihydroxyflavone were iso-
lated from the roots of Ficus beecheyana together with twelve known compounds: -sitosterol, 5-stigmasten-
3B,7a-diol, 5-stigmasten-3f3,7B-diol, 3B-hydroxystigmast-5-en-7-one, 4-hydroxybenzaldehyde, 4-hydroxy-
3-methoxybenzaldehyde, 1-(4-hydroxyphenyl)-ethanone, 4-hydroxy-3-methoxybenzoic acid, 4-hydroxy-
cinnamic acid, seseline, xanthyletin, and psoralene. The structures of these secondary metabolites were deter-
mined by spectroscopic means and in comparison with published data.

Keywords: Ficus beecheyana Hook. & Arn.; Moraceae; Prenylated flavone; 7,8-(2,2-dimethyl-

pyrano)-6-prenyl-5,3',4'-trihydroxyflavone (ficubee A); 6,7-(2,2-dimethylpyrano)-8-prenyl-

5,3',4'-trihydroxyflavone (ficubee B).

INTRODUCTION

Ficus beecheyana Hook. & Arn. (Moraceae) is a semi-
deciduous tree distributed in mainland China, Vietnam and
Taiwan.' Its rhizomes have been used as a folk medicine to
treat rheumatism and diabetes.” We recently reported the iso-
lation of six phenolics from the roots of F. beecheyana.’ Their
structures were established as threo and erythro-2,3-bis(4-
hydroxy-3-methoxyphenyl)-3-ethoxypropan-1-ol, trans-4,5-
bis(4-hydroxy-3-methoxyphenyl)-1,3-dioxacyclohexane,
threo-3-(4-hydroxy-3-5-dimethoxyphenyl)-3-ethoxypropane-
1,2-diol, 2-3-dihyolroxy-1-(4-hydroxy-3,5-dimethoxyphen-
yl)-1-propanone, and 3-hydroxy-1-(4-hydroxy-3,5-dimeth-
oxyphenyl)-1-propanine. Further studies on the same plant
have now led to the isolation of the known B-sitosterol (1),
S-stigmasten-3f3,7a-diol (2), 5-stigmasten-3f,73-diol (3),
3B-hydroxystigmast-5-en-7-one (4), 4-hydroxybenzaldehyde
(5), 4-hydroxy-3-methoxybenzaldehyde (6), 1-(4-hydroxy-
phenyl)-ethanone (7), 4-hydroxy-3-methoxybenzoic acid
(8), 4-hydroxycinnamic acid (9), seseline (10), xanthyletin
(11), and psoralene (12), and two new prenylated flavones for
which the names ficubee A (13) and B (14) are proposed. This
paper deals with the isolation and characterization of the two
new prenylated flavones.

RESULTS AND DISCUSSION

Compounds 13 and 14 were found to be difficult to ob-
tain in pure form. Normal phase HPLC analysis of the mix-
ture part did not give any separation and with only one peak
appearing in each chromatogram. Therefore, the structural
determinations of 13 and 14 were based mainly on their ace-
tate derivatives with pyridine-acetic anhydride which af-
forded the triacetate ficubee A (13a) and ficubee B (14a).

Compound 13a was obtained as powder. The EIMS
showed a molecular ion at m/z 546, and the molecular for-
mula C3;H3009 was deduced from this together with its NMR
and DEPT data. The signal in the '"H NMR spectrum observed
at 8 6.51 is assigned to the C-3 proton of a flavone. This skel-
eton was supported by its UV spectrum. The '"H NMR spec-
trum of 13a shows two groups: a singlet (6H) at 6 1.52 and
two doublets (1H) at 5 5.71 and 6.81 (J =10 Hz); and two
methyl signals (6 1.65, 1.76) and a methene proton (6 3.26),
suggesting the presence of 2,2-dimethylpyran and vy,y-di-
methylallyl (= prenyl) moiety, respectively. Furthermore, a
typical ABX system at 6 7.33 (d, J=8.4 Hz), 7.63 (d, /= 2.0
Hz) and 7.69 (dd, J = 8.4, 2.0 Hz) showed the presence of
three aromatic protons. The *C NMR spectrum of 13a showed
five oxygenated aromatic carbon signals, two of which were
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assigned to the ortho diacetoxy carbons (6 144.2 (s) and
144.5 (s)); the remaining three are meta oriented in a substi-
tuted benzene ring and their chemical shifts at § 147.0 (s),
151.3 (s) and 155.7 (s) are consistent with the structure
shown for 13a. The prenyl and 2,2-dimethylpyran groups are
located in ring A. Two possibilities were considered regard-
ing the position of the prenyl group: one with a linear pyran
and a prenyl group at C-8 or an alternative structure with an
angular pyran ring and the prenyl substituent at C-6.

Confirmation of the location of the pyran group at posi-
tion 8 was obtained from HMBC data (Fig. 1), which showed
correlations of H-3"" (8 5.71) with C-8 (& 107.4), H-1" (8
3.26) with C-7 (8 155.7) and C-5 (6 147.0). From the above
spectroscopic data, the structure of ficubee A (13) was de-
duced to be 7,8-(2,2-dimethylpyrano)-6-prenyl-5,3',4-trihy-
droxyflavone.

Pz OAc O

Fig. 1. Major HMBC correlations of 13a.

Compound 14a was obtained in a very small amount.
Its molecular formula was assumed to be C3;H30O9 on the ba-
sis of HR-EIMS data. Like compound 13a, the NMR spectra
showed resonance signals for one prenyl group, a 2,2-dimeth-
ylpyrane ring, and two aromatic carbons bearing ortho oxy-
genated substituents. The same molecular mass and the simi-
larity of their NMR spectra (Table 1) of 13a and 14a led us to
believe that they were isomers. The 'H NMR spectrum of
14a, the signal of H-4'" at 8 6.48 (d, /= 10.1 Hz) is shifted to
the up field (0.33 ppm) compared with that in 13a. On the
other hand, the chemical shift of H-2" of 14a and 13a exhibits
an opposite shift. Therefore, we suggested the (6—7[0])
cyclization to give a linear 2,2-dimethylpyrane ring with the
attachment of the other prenyl group at C-8. This result pro-
vides additional proof that the y,y-dimethylallyl side-chain is
located at C-6 for ficubee A (13a) and at C-8 for ficubee B
(14a).* The structure of ficubee B was determined to be 6,7-
(2,2-dimethylpyrano)-8-prenyl-5,3’,4'-trihydroxyflavone.
The new compounds, Ficubee A (13) and B (14) are regioiso-
mers.

The known compounds obtained were identified as -
sitosterol (1), 5-stigmasten-3p,7a.-diol ),% 5-stigmasten-
3B,7B-diol,” 3p-hydroxystigmast-5-en-7-one (4),* 4-hydro-
xybenzaldehyde (5),” 4-hydroxy-3-methoxybenzaldehyde
(6),'° 1-(4-hydroxyphenyl)-ethanone (7),'" 4-hydroxy-3-
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Table 1. 'Hand “C-NMR Spectral Data for 13a and 14a

13a 14a
No. H C H
2 159.6
3 6.51 (s) 108.9 6.51 (s)
4 176.5
4a 110.5
5 147.0
6 132.0
7 155.7
8 107.4
8a 151.3
1’ 130.5
2! 7.63 (d, 2.0) 121.3 7.63 (d, 2.0)
3 142.6
4! 144.5
5 7.33(d, 8.4) 124.3 7.33(d, 8.4)
6’ 7.69 (dd, 8.4,2.0) 124.3 7.70 (dd, 8.4, 2.0)
1” 3.26 (d, 7.0) 22.5 3.56 (d, 7.0)
2" 5.08 (d, 7.0) 121.2 5.20 (d, 7.0)
37 132.0
4" 1.76 (s) 17.9 1.80 (s)
5" 1.65 (s) 25.7 1.67 (s)
1" 1.52 (s) 28.2 1.41 (s)
20 78.2
3 5.71 (d, 10.1) 129.7 5.74 (d, 10.1)
4'" 6.81 (d, 10.1) 115.1 6.48 (d, 10.1)
2'"-CHj 1.52 (s) 28.2 1.46 (s)

* Measured in 300 MHz for 'H, and 75 MHz for *C, in CDCls.
® Coupling constants (J) in Hz are given in parentheses.

methoxybenzoic acid (8),'? 4-hydroxycinnamic acid (9),"
seseline (10)," xanthyletin (11),'* and psoralene (12),'® in
comparison of their spectral data (IR, NMR and MS) with
those found in the literature and with authentic samples.

EXPERIMENTAL SECTION

General Methods

Melting points were determined with a Yanagimoto
(MP-300) micro melting point apparatus and are uncorrected.
IR spectra were recorded on a Nicolet Magna-550 spectro-
photometer. 'H and "°C spectra were run on a Bruker AM-300
spectrometer. 2D-NMR spectra were run on a Bruker DMX-
500SB spectrometer. EIMS and HR-EIMS were obtained on
a Finnigan TSQ-700 and a JEOL SX-102 spectrometer, re-
spectively. Column chromatography was performed with
Merck Kieselgel 60 (70-230 mesh) as the stationary phase.
HPLC was accomplished on a Hitachi L-7000 liquid chro-
matograph using LiChrospher (Merck, 7 pm, 250 x 10 mm)
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as a column.

Plant Material

The roots of F. beecheyana were collected in Nankang
in north Taiwan in June 1999, and were identified by Mr.
Chii-Cheng Liao of the Department of Botany, National Tai-
wan University. Voucher specimens (No. 19990615) have
been deposited at Taipei Medical University, Taipei, Taiwan.

Extraction and Isolation

The dried crude EtOH extract of the roots of £ beecheyana
(12 kg) was a gift from Dr. An-Pang Lin, Jen-Ai Chinese
Medical United Clinic, Taipei, Taiwan. The ethanolic extract
(81 g) was suspended in H,O (500 mL) and then partitioned
sequentially using n-hexane, CHCls, and n-BuOH (500 mL x
3). The CHCls-soluble fraction was evaporated under a vac-
uum to give an oily residue (39 g), which was adsorbed with
55 g of SiO; and then chromatographed on a column packed
with 250 g of SiO; by eluting with the gradients of hexane and
EtOAc. Every 100 mL of eluent was collected as one fraction,
and fractions were monitored by TLC. Appropriate fractions
were combined: (i) the elution with gradients of n-hex-
ane/EtOAc (20:1) giving compounds 10; (ii) the elution with
gradients of n-hexane/EtOAc (10:2) giving compounds 1,
5, 6, 7, 11, 12; (iii) the elution with gradients of n-hex-
ane/EtOAc (10:3) giving compounds 4; (iv) the elution with
gradients of n-hexane/EtOAc (10:4) giving compounds 2, 3,
8,9, 13, 14. Purification of each compound was carried out
by HPLC. The weights of each compound are as follows: 1
(109 mg), 2 (4 mg), 3 (12 mg), 4 (15 mg), 5 (11 mg), 6 (12
mg), 7 (7 mg), 8 (5mg), 9 (21 mg), 10 (18 mg), 11 (34 mg), 12
(66 mg), 13 + 14 (5 mg). The mixture of 13 and 14 was dis-
solved in pyridine (4 mL) and Ac,O (5 mL) and left overnight
at47 °C. Then, the reaction mixture was poured into ice water
(30 mL) and stirred for 1 h. The resultant suspension was ex-
tracted with ethyl acetate (30 mL x 2). The ethyl acetate layer
was washed with 1 N HCI, 3% aqueous NaHCOs3, and then
brine water, sequentially. The organic layer was purified on
HPLC with n-hexane-EtOAc-acetone (55:45:5) as eluent to
yield the pure peracetylated derivatives 13a (4 mg) and 14a
(1 mg).

B-Sitosterol (1)

Colorless solid; IR v cm’': 3420, 1637, 1190, 1050;
EIMS m/z (rel. int.) (%) 414 (M', 100), 412 (100); '"H NMR
(CDCls) 6: 0.66 (3H, s), 0.79 (3H, d, J= 6.5 Hz), 0.81 (3H, d,
J=6.5Hz),0.82 (3H,t,J=7.1 Hz), 0.90 (3H, d, J= 6.5 Hz),
0.99 (3H, s), 3.51 (1H, m), 5.33 (1H, d, J= 5.2 Hz).
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5-Stigmasten-3f3,7c.-diol (2)

Colorless solid; IR vma cm’': 3396, 2952, 2885, 1460;
EIMS m/z (rel. int.) (%) 430 (M", 5), 412 (100), 394 (34), 379
(7); "HNMR (CDCl3) 8: 0.66 (3H, s), 0.79 (3H, d, J= 6.5 Hz),
0.81(3H,d,/=6.5Hz),0.82 (3H,t,J=7.2Hz),0.92 (3H,d,J
=6.5Hz),0.97 (3H, s), 3.57 (1H, m), 3.83 (1H, t, /= 3.0 Hz),
5.57 (1H,brd, J=4.4 Hz); "CNMR (CDCl;) &: 11.6 (q), 12.0
(q),18.2(q), 18.8(q), 19.0(q), 19.8 (q), 20.7 (t), 23.0 (1), 24.3
(1), 28.9 (1), 29.1 (d), 29.2 (t), 31.3 (1), 33.9 (1), 36.1 (d), 37.0
(t),37.3(s),37.5(d), 39.1 (t), 42.0 (t), 42.1 (d), 42.2(s),45.8
(d), 49.4 (d), 55.7 (d), 65.4 (d), 71.4 (d), 123.8 (d), 146.3 (s).

5-Stigmasten-3f3,73-diol (3)

Colorless solid; EIMS m/z (rel. int.) (%) 430 (M", 4),
412 (100), 394 (26), 379 (15); '"H NMR (CDCl3) 8: 0.67 (3H,
$),0.79 (3H, d,J=6.9 Hz), 0.81 (3H, d, J= 6.8 Hz), 0.83 (3H,
t,J=7.5Hz),0.90 (3H, d,J=6.5 Hz), 1.02 (3H, ), 3.53 (1H,
m), 3.82 (1H, br d, J= 7.9 Hz), 5.26 (1H, br s); *C NMR
(CDCl3) 8: 11.8 (q), 12.0 (q), 18.8 (q), 19.0 (q), 19.1 (), 19.8
(q), 21.0 (1), 23.0 (), 26.1 (1), 26.4 (1), 28.5 (1), 29.1 9d), 29.7
(1), 31.5 (1), 33.9 (1), 36.1 (d), 36.4 (s), 36.9 (1), 39.5 (1), 40.8
(d), 41.6 (1), 42.9 (s), 45.8 (d0, 48.2 (d), 55.3 (d), 55.9 (d),
71.4 (d), 7.3 (d), 125.4 (d), 143.5 (s).

3p-Hydroxystigmast-5-en-7-one (4)

Colorless solid; IR vimax cm™: 3365, 1662, 1057; EIMS
m/z (rel. int.) (%) 428 (M", 100), 410 (13), 385 (6), 382 (34);
'H NMR (CDCls) 8: 0.65 (3H, s), 0.76 (3H, d, J = 6.5 Hz),
0.78 (3H,d,J=6.5Hz),0.80 (3H,t,J=7.2 Hz),0.89 (3H,d, J
= 6.3 Hz), 1.16 (3H, s), 3.64 (1H, m), 5.65 (1H, br s); "*C
NMR (CDCls) 8: 11.9 (q), 17.3 (q), 18.9 (q), 19.0 (q), 19.8
(q), 21.2 (1), 23.0 (1), 26.0 (1), 26.3 (1), 28.5 (1), 29.1 (d),
31.1(t), 31.5 (1), 33.9 (1), 36.0 (d), 36.3 (s), 38.3 (1), 38.6 (1),
41.8 (1), 43.1 (s), 45.4 (d), 45.8 (d), 49.9 (d), 55.3 (d), 54.6
(d), 70.4 (d), 125.9 (d), 165.5 (s), 202.5 (s).

4-Hydroxybenzaldehyde (5)

Colorless solid; mp 112-113 °C; EIMS m/z (rel. int.)
(%) 428 (M™, 100), 410 (13), 385 (6), 382 (34); 'H NMR
(CDCl;) 8: 6.96 (2H, d, J= 8.6 Hz), 7.79 (2H, d, J= 8.6 Hz),
9.82 (1H, s).

4-Hydroxy-3-methoxybenzaldehyde (6)

Colorless solid; mp 83-85 °C; EIMS m/z (rel. int.) (%)
152 (M", 24), 151 (100), 137 (8); '"H NMR (CDCl;) &: 3.92
(3H,s), 6.40 (1H, s, -OH), 7.06 (1H, d, /= 8.4 Hz), 7.38 (1H,
brs), 7.40 (1H, br d, J = 8.4 Hz), 9.79 (1H, s); *C NMR
(CDCl3) 6: 56.1 (q), 108.8 (d), 114.4 (d), 127.6 (d), 129.8 (s),

Lee et al.

147.2 (s), 151.8 (s), 191.1 (d).

1-(4-Hydroxyphenyl)-ethanone (7)

Colorless solid; mp 108-110 °C; IR viax em™': 3300,
1662; EIMS m/z (rel. int.) (%) 136 (40), 121 (100); "H NMR
(CDCls) 6: 2.53 (3H, s), 6.89 (2H, d, /= 8.4 Hz), 7.86 (2H, d,
J=8.4 Hz); "C NMR (CDCls) 8: 26.2 (q), 115.4 (d), 129.9
(s), 131.0 (d), 160.9 (s), 197.4 (s).

4-Hydroxy-3-methoxybenzoic acid (8)

Colorless solid; IR v cm™: 3475, 3200-2500, 1676,
1596; EIMS m/z (rel. int.) (%) 168 (100), 153 (70), 125 (23);
"H NMR (CD3;COCD:3) &: 3.89 (3H, s), 6.90 (1H, d, /= 8.3
Hz), 7.56 (1H, d, J=2.3 Hz), 7.58 (1H, dd, J = 8.3, 2.3 Hz),
3C NMR (CD;COCDs) 8: 56.4 (q), 113.5 (d), 115.6 (d),
124.9 (d), 133.8 (s), 148.2 (s), 152.2 (s), 167.8 (s).

4-Hydroxycinnamic acid (9)

Colorless solid; EIMS m/z (rel. int.) (%) 136 (40), 121
(100); '"H NMR (CD;COCD3) 8: 6.34 (1H, d, J = 15.9 Hz),
6.89 (2H,d,/=8.6 Hz), 7.54 (2H, d,J=8.6 Hz), 7.62 (1H, d,
J=15.9 Hz); "C NMR (CD;COCD) &: 115.7 (d), 116.8 (d),
127.0 (s), 131.0 (d), 145.8 (d), 160.6 (s), 168.7 (s).

Seseline (10)

Colorless solid; mp 118-120 °C; IR Viax em’: 1720,
1627,1597; EIMS m/z (rel. int.) (%) 228 (M", 45), 213 (100),
185 (31); '"H NMR (CDCl;) &: 1.43 (6H, s), 5.68 (1H, d, J =
10.2 Hz), 6.18 (1H, d, /= 9.5 Hz), 6.67 (1H, d, J = 8.5 Hz),
6.83 (1H,d,J=10.2 Hz), 7.16 (1H, d, J= 8.5 Hz), 7.56 (1H,
d, J=9.5 Hz).

Xanthyletin (11)

Colorless solid; mp 128-130 °C; EIMS m/z (rel. int.)
(%) 228 (M", 25), 213 (100), 185 (25); '"H NMR (CDCl;) &:
1.43 (6H, s), 5.66 (1H, d, J=10.0 Hz), 6.19 (1H, d, J=9.6
Hz),6.31 (1H,d,J=10.0 Hz), 6.69 (1H, s), 7.02 (1H, s), 7.55
(1H, d, J=9.6 Hz); *C NMR (CDCl;) 8: 104.2 (q), 112.6 (d),
112.8, 120.7, 124.7, 131.1,143.2(s), 155.3 (d), 156.7 (s),
161.1 (s), 173.7 (s).

Psoralene (12)

Colorless solid; mp 163-164 °C; IR Vpax em’': 1702,
1620, 1581, 1498; EIMS m/z (rel. int.) (%) 186 (M", 25), 213
(100), 185 (25); '"HNMR (CDCl;) 8: 6.35 (1H, d,J=9.6 Hz),
6.81 (1H, dd, J=2.2, 0.8 Hz), 7.44 (1H, br s), 7.66 (1H, s),
7.67 (1H, d, J=2.2 Hz), 7.78 (1H, d, J = 9.6 Hz); *C NMR
(CDCl3) 8:99.8 (d), 106.3 (d), 114.6 (d), 115.4 (s), 119.8 (d),



New Prenylated Flavones from the Roots of Ficus beecheyana

124.8 (s), 144.0 (d), 146.9 (d), 152.0 (s), 156.3 (s), 161.0 (s).

7,8-(2,2-Dimethylpyrano)-6-prenyl-5,3',4'-trihydroxy-
flavone acetate (13a)

Yellow solid; mp 160-162 °C; IR Vimay cm™: 1760, 1648,
1636, 1592, 1500, 1193; UV AY°" nm (log £): 230 (4.43), 274
(4.25), 330 (4.15); EIMS m/z (rel. int.) (%) 546 (5), 531 (1),
504 (100), 489 (90), 461 (57), 449 (83); HR-EIMS m/z
546.1900 (M" Cacd for C3;H300y, 546.1890); 'H and "*C-

NMR: see Table 1.

6,7-(2,2-Dimethylpyrano)-8-prenyl-5,3',4'-trihydroxy-
flavone acetate (14a)

Yellow solid; mp 144-145 °C; IR Viax cm’': 1762, 16438,
1633, 1592, 1501, 1196; UV AM" nm (log €): 227 (4.33),276
(4.35), 328 (4.26); EIMS m/z (rel. int.) (%) 546 (12), 531
(100), 504 (27), 489 (74), 461 (51), 449 (69); HR-EIMS m/z
546.1903 (M" Cacd for C3;H3000, 546.1890); 'H-NMR: see

Table 1.
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