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Abstract

Chemical investigation of the methanol extract of the viscous secretion on the surface of immature fruits of Paulownia tomentosa
furnished nine geranylated flavanones, 6-geranyl-5,7-dihydroxy-3',4'-dimethoxyflavanone (1), 6-geranyl-3’,5,7-trihydroxy-4’-methoxyflava-
none (2), 6-geranyl-4',5,7-trihydroxy-3',5-dimethoxyflavanone (3), 6-geranyl-4',5,5',7-tetrahydroxy-3'-methoxyflavanone (4), 6-geranyl-
3,3,5,7-tetrahydroxy-4'-methoxyflavanone (5), 4',5,5,7-tetrahydroxy-6-[6-hydroxy-3,7-dimethyl-2( E),7-octadienyl]-3'-methoxyflavanone
(6), 3,345, 7-pentahydroxy-6-[6-hydroxy-3,7-dimethyl-2( E),7-octadienyl]flavanone (7), 3,3'.4',5,7-pentahydroxy-6-[7-hydroxy-3,7-dimethyl-
2(E)-octenyllflavanone (8), and 3,4',5,5,7-pentahydroxy-3'-methoxy-6-(3-methyl-2-butenyl)flavanone (9), along with six known gerany-
lated flavanones. Among these, compounds 4, 6-9 and the known 6-geranyl-3',4',5,7-tetraahydroxyflavanone (diplacone), 6-geranyl-3,3’,
4',5,7-pentahydroxyflavanone (diplacol) and 3',4',5,7-pentahydroxy-6-[7-hydroxy-3,7-dimethyl-2( E)-octenyl]flavanone showed potent

radical scavenging effects towards DPPH radicals.
© 2007 Elsevier Ltd. All rights reserved.
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1. Introduction

Paulownia tomentosa Steud. (Scrophulariaceae) is an
ornamental tree widely distributed throughout China,
Korea and Japan. Its stem bark has been used in Chinese
herbal medicine as a component of remedies for infectious
diseases such as gonorrhea and erysipelas (Kang et al.,
1999). Earlier studies of P. tomentosa led to the isolation
of iridoids (Plouvier, 1971; Adriani et al., 1981; Damtoft
and Jensen, 1993) and lignans (Ina et al., 1987; Takahashi
and Nakagawa, 1966). Recently, diplacone, a geranylated
favanone, has been reported from the flower (Du et al.,
2004).

Plants often have unique small structures on their sur-
face. However, in most cases, functions of these structures
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have remained unclear. Systematic chemical analysis of the
constituents contained in the small structures would be
helpful in understanding their possible ecological func-
tions. The surface of immature fruits of P. tomentosa is
coated with viscous materials, at least part of which are
likely to be secreted from the glandular trichomes, a fine
structure located on the surface of immature fruits. This
paper describes the isolation and structure elucidation of
nine new flavanones 1-9 from this secretion, together with
six known flavanones 10-15. Anti-oxidant activities of the
isolated flavanones were tested wusing the diph-
enylpicrylhydrazyl (DPPH) assay.

2. Results and discussion

The viscous oily material on the surface of fresh imma-
ture fruits of P. tomentosa was dissolved in MeOH by
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briefly dipping the fruits in the solvent. The concentrated
MeOH extract was separated on silica gel, Sephadex LH-
20 and reversed-phase HPLC to give the new flavanones
1-9 (Fig. 1), together with the known flavanones 10-15.
These compounds were all found to bear a C, substituent
(geranyl or its metabolite) at the C-6 position, except for
compound 9 which has a prenyl group at C-6.
Compound 1 was assigned the molecular formula
Cy7H3,06 on the basis of HREIMS data. The 'H
NMR spectrum of compound 1 showed three protons
at 0 2.80 (dd, J=17.3, 29Hz), 3.10 (dd, J=17.3,
13.1 Hz) and 5.34 (dd, J=13.1, 2.9 Hz), typically assign-
able to H»-3 and H-2 of a flavanone skeleton. In addi-
tion, signals for three protons at ¢ 6.99 (d, J=1.9 Hz),
6.96 (dd, 8.2, 1.9 Hz), 6.89 (d, J = 8.2 Hz) assignable to
the aromatic protons of a 3,4-disubstituted B-ring, reso-
nances for protons of a geranyl group, a downfield pro-
ton at 6 12.41 assignable to C-5-OH chelated to C-4
carbonyl, and an additional aromatic proton at ¢ 6.01
(s) were observed (Table 1). Furthermore, two methoxy

1: R1,R2=Me,R3=H

10: R1=Me, R2,R3=H
2: R1=H, R2=Me, R3=H
2a: R1,R2,R3:Me

11: R1,R2,R3=H
OR,
OR,
RO Ou
= = OH
OH O
12: R1:Me, RZ,RSZH,
5: R1=H, R2=Me, R3=H
5a: R1,R2=Me, R3=H
13: R1,R2,R3=H
OR
o
oH RO O
Z OH
OH O
7: R=H
7a: R=Me
OMe
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signals appeared at 6 3.92 and 3.90. These spectroscopic
data suggested that compound 1 was a 5-hydroxyflava-
none substituted with a geranyl group, two methoxy
groups and an additional hydroxy group. The substitu-
tion pattern was unambiguously established by HMBC
correlations (Fig. 2) which gave evidence for the 3',4'-
dimethoxy B-ring and the 6-geranyl-5,7-dihydroxy A-ring
structures. This substitution pattern was also consistent
with the EIMS data, which exhibited ions at m/z 288
and 164 from a retro-Diels-Alder fragmentation. Hence,
the structure of 1 was determined to be 6-geranyl-5,7-
dihydroxy-3',4'-dimethoxyflavanone. Complete assign-
ments of 'H and '’C signals of 1, obtained by 2D
NMR studies (H-H COSY, HMQC, HMBC) are listed
in Tables 1 and 2. The absolute stereochemistry at C-2
of 1 was elucidated as S on the basis of the CD data
(a positive absorption at 328 nm and a negative absorp-
tion at 288 nm) (Gaffield, 1970). The C-2 configurations
of the other flavavones 2, 3, 4 and 6 were studied in
the same manner and established to be S.

OR,
OR,
i OR;
3: R1=Me, R2=H, R3=Me
4: R1=Me, R2=H, R3=H
OR,
OR,
R K
OH 40 Oy Rs
=
OH O

14: R1,R2=H, R3, R4=H
14a: R1,R2=Me, R3=H, R4=Me
6: R1=Me, R2=H, R3=OH, H4=H
6a: R1,R2=Me, R3=OMe, R4=Me
OH
OH

15

Fig. 1. Chemical structures of flavonoids 1-15.
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Table 1
'"H NMR data (500 MHz) of compounds 1-9*
No. 1° 2° 3* 4° 5° 6 7° §° 9°
2 5.34 (dd, 5.30 (dd, 5.29 (dd, 5.25 (dd, 4.95(d, 12.0) 5.23 (dd, 491 (d, 12.0) 4.89 (d, 12.0) 4.89 (d, 12.0)
13.1, 2.9) 13.2, 2.9) 13.0, 2.9) 13.0, 3.0) 13.0, 2.9)
3 3.10 (dd, 3.05 (dd, 3.08 (dd, 3.04 (dd, 4.52 (brd, 3.04 (dd, 4.50 (d, 12.0) 4.48 (d, 12.0) 4.50 (d, 12.0)
17.3, 13.1) 17.4, 13.0) 17.2, 13.0) 17.4, 13.0) 12.0) 17.4, 13.0)
2.80 (dd, 2.76 (dd, 278 (dd, 2.76 (dd, 273 (dd,
17.3, 2.9) 17.4,3.2) 17.2, 2.9) 17.4,2.9) 17.3, 2.9)
8 6.01 (s) 5.99 (s) 6.01 (s) 6.00 (s) 5.97 (s) 5.97 (s) 5.96 (s) 5.95 (s) 5.97 (s)
bl 6.99(d, 1.9) 7.13(d, 1.9)  6.68 (brs) 6.56(d, 1.7) 7.13(d, 1.9)  6.54 (brs) 7.00 (d, 1.7) 699 (d, 1.7)  6.64 (d, 1.7)
5 6.89 (d,8.2) 688 (d, 8.1) 6.89 (d, 8.2) 6.89 (d, 8.0)  6.87 (d, 8.2)
¢ 6.96 (dd, 8.2, 7.02(dd, 8.1, 6.68 (brs) 6.67(d, 1.7)  7.01 (dd, 8.2, 6.66 (brs) 6.92 (dd, 8.0, 691 (dd, 8.2, 6.74 (d, 1.7)
1.9) 1.9) 1.9) 1.7) 1.7)
1 337(d,7.1)  337(d,7.1) 336(d,7.1) 336(d 74) 337(d7.1) 328(d 7.1) 329(d 68) 3.28(d 7.1) 3.29(d, 6.8)
bl 526 (bre,7.2) 526 (brt,7.2) 5.26 (brt,7.2) 5.25(brt,7.3) 526 (bre,7.2) 529 (brt,7.1) 527 (brt,6.8) 5.20 (brt,7.1) 5.23 (brt, 7.0)
3.Me  1.81 (s) 1.80 (s) 1.80 (s) 1.80 (s) 1.81 (s) 1.79 (s) 179 (s) 1.76 (s) 1.70 (s)
4 2.07 (m) 2.06 (m) 2.06 (m) 2.07 (m) 2.07 (m) 2.05 (bre, 7.3)  2.04 (m) 1.98 (m) 1.79 (s)
5 2.09 (m) 2.08 (m) 2.09 (m) 2.08 (m) 2.09 (m) 1.65 (m) 1.65 (m) 1.41 (m)
6" 5.05(brt, 6.7)  5.05 (brt, 6.7) 5.05(brt, 6.7) 5.05 (brt, 6.8) 5.06 (brt, 6.7) 4.01 (1, 6.1) 401 (1, 6.1)  1.62 (m)
7"-Me 1.59 (brs) 1.59 (s) 1.59 (s) 1.59 (s) 1.59 (s) 1.70 (s) 1.70 (s) 1.18 ()
8" 1.67 (brs) 1.67 () 1.67 (s) 1.67 (s) 1.67 (s) 4.88, 4.80 4.88, 4.81 1.18 (s)
(brs) (brs)
OMe  3.92(s) 3.91 (s) 391 (sx2)  3.89 (5) 3.91 (s) 3.89 (5) 3.91 (s)
3.90 (s)
OH 1241 (s) 12.38 (s) 12.38 (s) 12.37 (s) 11.56 (s) 12.24 (s) 11.56 (s) 11.55 (s) 11.55 (s)
6.24 (s) 6.29 (s) 6.47 (s) 6.48 (5) 6.45 ()
571 (s) 5.63 (s) 5.61 (s) 5.73 (s)

# Multiplicity and coupling constant (J in Hz) assigned in parentheses.
® Recorded in CDCls.
¢ Recorded in CDCl;-CDsOD (9:1).

Fig. 2. Pertinent HMBC correlations from H to C of flavanone 1.

Compound 2 could not be isolated in pure form, but was
obtained as a 1:4 mixture of 2 and 10. An attempted sepa-
ration of 2 from 10 by PTLC and reversed-phase HPLC
was not successful. EIMS data suggested that compounds
2 and 10 have the identical molecular formula, C,sH3¢Os.
The major constituent 10 was identified as 6-geranyl-
4')5,7-trihydroxy-3'-methoxyflavanone (3'-O-methyldipla-
cone) (Wollenweber et al., 1989; Phillips et al., 1996;
Phommart et al., 2005) by comparison of the "H and '*C
NMR spectroscopic data with reported values. The minor
constituent 2 was an isomer of 10 with regard to the substi-
tution pattern on the B-ring, since the 'H signals of the
3, 4'-substituted B-ring protons [6 7.13 (d, J=1.9 Hz),
7.02 (dd, 8.1, 1.9 Hz), 6.88 (d, J = 8.1 Hz)] were different
from those [0 6.97 (d, J=1.9 Hz), 6.90 (dd, 8.2, 1.9 Hz),
6.93 (d, J=28.2 Hz)] of 10. A methoxy signal of 2 at ¢
3.91 showed an NOE correlation with the ortho-coupled

aromatic proton at 6.88 (H-5'), indicating 3'-hydroxy-4’-
methoxy B-ring structure for 2. The "H and '*C NMR spec-
troscopic data of the A-ring signals for 2 and 10 were essen-
tially identical, thus indicating the same 6-geranyl-5,7-
dihydroxy A-ring structure for 2. This was confirmed by
HMBC correlations recorded for the mixture 2/10. The
structure of 2 was, therefore, determined to be 6-gera-
nyl-3',5,7-trihydroxy-4'-methoxyflavanone. Diazomethane
treatment of the mixture 2/10 yielded 6-geranyl-5-
hydroxy-3',4,7-trimethoxyflavanone as a single methylated
product, which further supported the structures of 2 and 10.

Compound 3 possesses the molecular formula
C»7H3,05. Analysis of the 'H NMR spectroscopic data
of 3 established that the A-ring structure is the same as
for compounds 1 and 2, and the B-ring [ 6.68 (2H, s)] is
symmetrically substituted with a hydroxy and two methoxy
[0 3.91 (3Hx2)] groups. In NOE experiments, the methoxy
signal showed a correlation with the 4-OH resonance (0
5.63), thus assigning 4'-hydroxy-3',5-dimethoxy B-ring
structure. The structure of 3 was, therefore, determined
to be 6-geranyl-4',5,7-trihydroxy-3',5-dimethoxyflavanone.

Compound 4 was assigned the molecular formula
C»6H3007. The "TH NMR spectroscopic data, together with
the molecular formula, suggested that the B-ring is substi-
tuted with two hydroxy and one methoxy (6 3.89) groups.
The two meta-coupled aromatic protons at 6 6.56 (d,
J=1.7Hz) and 6.67 (d, J= 1.7 Hz), assignable to those
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Table 2

13C NMR spectroscopic data of compounds 1-9

C la 221 3a 4a 5 A 6b 7b sb 9b

2 79.02 78.67 79.37 79.09 82.95 79.16 83.37 83.02 83.53
3 43.39 43.02 43.59 43.39 72.30 43.27 72.30 71.99 72.22
4 196.03 196.18 195.94 196.07 194.75 195.76 195.85 195.48 195.61
5 161.21 161.17 161.21 161.20 161.04 160.87 160.87 160.49 160.63
6 106.83 107.31 107.07 107.08 107.89 107.11 108.89 108.79 108.38
7 164.07 163.99 164.05 164.06 164.60 164.26 165.14 164.84 164.98
8 95.68 95.46 95.63 95.64 95.83 94.74 95.22 94.97 95.10
9 161.04 160.94 160.92 160.95 160.65 160.41 160.69 160.35 160.58
10 102.89 102.72 102.80 102.83 100.40 102.42 100.22 99.93 100.11
I 130.96 131.50 129.58 130.30 129.18 130.42 128.29 127.98 127.54
2! 109.40 112.65 103.16 107.04 113.62 108.37 114.35 114.08 109.02
3 149.27 145.72 147.18 147.18 145.62 147.56 144.53 144.17 147.48
4 149.67 146.90 135.14 132.75 147.33 135.27 145.58 145.21 133.98
5 111.14 110.65 147.18 144.10 110.55 143.10 115.12 114.86 144.47
6 118.79 118.10 103.16 101.29 119.79 102.54 120.04 119.77 102.82
OMe 55.98 55.92 56.37 56.24 55.88 56.18 56.13
OMe 55.96 56.37

1” 21.07 20.97 21.04 21.04 20.94 20.88 21.00 20.64 20.95
2" 121.26 121.32 121.27 121.28 121.17 122.93 122.85 122.03 121.96
3" 139.61 138.44 139.25 139.25 138.46 135.27 135.53 135.25 132.29
3"-Me 16.20 16.09 16.16 16.17 16.09 15.88 16.02 15.65 17.64
4" 39.70 39.63 39.68 39.68 39.64 35.78 35.93 39.53 25.64
5" 26.31 26.31 26.33 26.36 26.36 32.70 32.81 22.10

6" 123.65 123.70 123.72 123.80 124.15 75.71 75.71 42.75

7" 132.13 131.80 132.01 132.04 131.78 147.15 147.28 71.04

7"-Me 25.67 25.59 25.62 25.65 25.58 17.49 17.64 28.56

8" 17.70 17.61 17.66 17.68 17.61 110.86 111.00 28.56

& Recorded in CDCl;.
® Recorded in CDCl;-CD;0D (9:1).

of the B-ring, showed HMBC correlations with C-2 of the
flavanone. Hence, compound 4 was determined to be 6-ger-
anyl-4',5,5,7-tetrahydroxy-3’-methoxyflavanone.
Compound 5 was obtained as a 2:3 mixture of 5 and 12.
The two compounds had the identical molecular formula
C,6H3007. In the "H NMR spectrum, the major compound
12 showed two protons at 6 4.98 (d, J = 12.0 Hz) and 4.55
(d, J = 12.0 Hz) typical of H-2 and H-3 of a 3-hydroxyflav-
anone. The minor compound 5 exhibited the correspon-
ding 'H signals at 0 4.95 (d, J=12.0 Hz) and 4.52 (d,
J=12.0 Hz). Compound 12 was identified as 6-geranyl-
3,4',5,7-tetrahydroxy-3'-methoxyflavanone (diplacol 3'-O-
methyl ether) by comparison of the NMR data with
reported values (Phillips et al., 1996). The '"H NMR data
for the B-ring of 5 [0 7.13 (d, J=1.9 Hz), 7.01 (dd, 8.2,
1.9 Hz), 6.89 (d, J = 8.2 Hz)] were identical to those of 2,
thus indicating a 3’-hydroxy-4'-methoxy B-ring structure
for 5. The HMBC spectrum confirmed the B-ring and
6-geranyl-5,7-dihydroxy A-ring structures. The trans rela-
tionship of H-2 and H-3 was obvious from the large cou-
pling constant (J = 12.0 Hz) between the two hydrogens.
Diazomethane treatment of the mixture 5/12 yielded 6-ger-
anyl-3,5-dihydroxy-3',4’,7-trimethoxyflavanone as a single
product. Thus, the structures of 5/12 were determined as
described above. The absolute stereochemistry of § was
elucidated as 2R,3R based on the CD data of 5/12 (a posi-
tive absorption at 328 nm and a negative absorption at

292 nm). All 3-hydroxyflavanones 5, 7, 8 and 9 isolated
in the present study were found to have the 2R,3R absolute
stereochemistry.

Compound 6 was obtained as a 1:4 mixture of 6 and 14.
An attempted separation of the two components on PTLC
and reversed-phase HPLC was not successful. It appeared
that the molecular weights of the two constituents are 470
and 440 on the basis of EIMS data. The major constituent
14 was identified as 3',4',5,7-tetrahydroxy-6-[6-hydroxy-
3,7-dimethyl-2( E),7-octadienyl]flavanone (tanariflavanone)
by comparison of its "H and '*C NMR spectroscopic data
with those reported (Phommart et al., 2005). Compound 6
was therefore assigned the molecular formula, C,cH300O5.
Analysis of the '"H NMR data of the mixture indicated that
compound 6 has the same 5,7-dihydroxyflavanone skeleton
substituted with 6-hydroxy-3,7-dimethyl-2(E),7-octadienyl
group [0 5.29 (1H, brt, 7.1 Hz), 4.88 (1H, brs), 4.80 (1H,
brs), 4.01 (1H, ¢, J=06.1 Hz), 3.28 (2H, d, J=17.1 Hz),
2.05 (2H, brt, J=17.3Hz), 1.65 (2H, m), 1.79 (3H, s),
1.70 (3H, s)] at C-6, as found in compound 14. The B-ring
structure of 6, different from that of 14, was readily
assigned as 4',5'-dihydroxy-3’-methoxybenzene ring, since
the chemical shifts of the meta-coupled two protons [0
6.66 (brs) and 6.54 (brs)] and a methoxy group [0 3.89
(s)] were closely similar to those found in compound 4.
Diazomethane treatment of the mixture 6 and 14 yielded
5-hydroxy-6-[6-hydroxy-3,7-dimethyl-2( E),7-octadienyl]-3,
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4’ 7-trimethoxyflavanone (14a) and  5-hydroxy-6-[6-
hydroxy-3,7-dimethyl-2( E),7-octadienyl}-3' 4,5, 7-tetramethoxy-
flavanone (6a), which were separable from each other.
Hence, the structure of compound 6 was unambiguously
established to be (2R,3R)-4'.5,5,7-tetrahydroxy-3'-meth-
0xy-6-[6-hydroxy-3,7-dimethyl-2( £),7-octadienyl]flavanone.
In order to obtain information of the configuration at C-6”
of 6, the methyl ether 6a was converted to the 6”-O-(S)-
MTPA ester derivative. The ester showed pairs of 'H
signals, for example, 9”-Ha at § 4.99 and 4.94, and 9”-Hb
at 0 4.90 and 4.89, in a 1:1 intensity. This finding estab-
lished that compound 6 is a 1:1 epimeric mixture at C-6".
Compound 14 was similarly found to be a 1:1 epimeric
mixture at C-6".

Compound 7 was assigned the molecular formula
C,sH505 on the basis of HREIMS data. The '"H NMR
spectrum exhibited signals for H-2, H-3 and H-8 of a C-6
substituted 3,5,7-trihydroxyflavanone and signals due to a
6-hydroxy-3,7-dimethyl-2( E),7-octadienyl group. In addi-
tion, the spectrum showed signals for H-2’, H-5' and H-6
[0 7.00 (1H, d, J=1.7 Hz), 6.92 (1H, dd, J=8.0, 1.7 Hz)
and 6.89 (1H, d, J= 8.0 Hz)] of a 3',4'-dihydroxy B-ring.
The '*C NMR spectroscopic data of 7 were in good agree-
ment with these structures. The structure of 7 was therefore
determined to be (2R,3R)-3,3,4',5,7-pentahydroxy-6-[6-
hydroxy-3,7-dimethyl-2( E),7-octadienylJflavanone. Com-
pound 7 was found to be a 1:1 epimeric mixture at C-6"
from the '"H NMR data of the 3-0,6"-0-di-(S)-MTPA ester
prepared from the methyl ether 7a which was obtained by
diazomethane treatment of 7.

Compound 8 was assigned the molecular formula
C,sH30O0g on the basis of HREIMS data. The 'H and
13C NMR spectroscopic data of 8 resembled those of 7
except for the signals of the terminal portion of the C,, side
chain at C-6. The '"H NMR signals of 8 resonating at 5 1.18
(two tertiary methyls), 6 5.20 (brt, J = 7.1 Hz), 6 1.98 (2H,
m), 1.62 (2H, m) and 1.41 (2H, m) and the '*C signal of a
quaternary carbon at 6 71.04 (C-7") established the Ciq
moiety to be 7-hydroxy-3,7-dimethyl-2( E)-octenyl group.
Thus, the structure of compound 8 was determined to be
3,3",4',5,7-pentahydroxy-6-[7-hydroxy-3,7-dimethyl-2( E)-
octenyl]flavanone.

Compound 9 was assigned the molecular formula
C,1H»,0¢ on the basis of HREIMS data. The '"H NMR
spectrum showed signals of 3-methyl-2-butenyl (prenyl)
group [0 329 (2H, d, J=6.8Hz), 523 (1H, ¢,
J=7.0Hz), 1.70 (3H, s)] and 1.79 (3H, s) and H-2' [§
6.74 (d, J= 1.7 Hz)] and H-6' [ 6.64 (d, J = 1.7 Hz)] for
4’.5'-dihydroxy-3-methoxy B-ring, in addition to the signals
of H-2 [0 489 (d, J=12.0Hz)], H-3 [0 4.50 (d,
J=12.0Hz)] and H-8 [0 5.97 (s)]. Thus, the structure
of 9 was determined to be 3,4',5,5,7-pentahydroxy-3'-
methoxy-6-(3-methyl-2- butenyl)flavanone. The '*C NMR
spectroscopic data of 9 corroborated the assigned
structure.

The structures of known compounds 10 (Wollenweber
et al., 1989; Phillips et al., 1996; Phommart et al., 2005),

Table 3
Anti-oxidant activity of compounds 1-15

Compound SCso(pg/ml)
1 >50
2/10 >50

3 >50

4 4.5
5/12 34
6/14 2.0
7 2.9
8 1.8
9 1.8
11 3.2
13 1.9
15 1.9
a-Tocopherol 4.7
(+)-Taxifolin 1.6

12 and 14 have been described above, and the additional
known compounds 11, 13 and15 were identified as 6-gera-
nyl-3',4',5,7-tetrahydroxyflavanone (diplacone, nymphaer-
ol A) (Phillips et al., 1996; Phommart et al., 2005;
Kumazawa et al., 2004), 6-geranyl-3,3',4’,5,7-pentahydr-
oxyflavanone (diplacol) (Phillips et al., 1996; Lee et al.,
2001) and 345, 7-pentahydroxy-6-[7-hydroxy-3,7-
dimethyl-2( E)-octenyljflavanone (Kumazawa et al., 2005),
respectively, by comparison of their spectroscopic data
with those reported.

Anti-oxidant activity of compounds 1-15 towards
DPPH radicals was examined and the results are summa-
rized in Table 3. Compounds 4, 6/14, 7, 8, 9, 11, 13 and
15 were found to be more active than a-tocopherol. In par-
ticular, compounds 6/14, 8,9, 13 and 15 showed significant
antiradical activities, comparable to well-known highly
active flavonoids such as luteorin 5-O-glucoside, quercetin
and taxifolin (3,3',4,5,7-pentahydroxyflavanone) (Seyoum
et al., 2006). It should be noted that the active flavonoids
in the present study all have an ortho-dihydroxybenzene
structure in the B-ring. It can be considered that the substi-
tution of a geranyl group or its oxidized congeners at C-6
of flavanols does not significantly alter the anti-oxidant
activity as evidenced by comparison of the activity of com-
pound 13 and taxifolin.

3. Concluding remarks

In this study, we demonstrated that the viscous materi-
als on the surface of the immature fruits of P. tomentosa
contain a number of flavonoids substituted with either a
geranyl group or its derivative at C-6. Some of these com-
pounds showed notable anti-oxidant activity. It is worth
noting that the extract is readily available from the fruits
and the flavonoid mixture is a major component of the
extract. The finding therefore suggests that the fruits of
P. tomentosa provide a source of natural antioxidants.
The flavonoid constituents were found to exist exclusively
on the fruit surface rather than the internal parts of the



T. Asai et al. | Phytochemistry 69 (2008) 1234-1241 1239

fruits. We presume these flavonoids are biosynthesized in
the microstructure glandular trichomes on the fruit surface
(Gang et al., 2002). After the submission of our manu-
script, a related work on the flavonoid constituents of
the P. tomentosa fruits collected in Czech has been pub-
lished (Smejkal et al., 2007). Interestingly, the flavonoid
constituents reported in this report are different from
those isolated in the present study, except compound 12,
although they mostly have a C;, substituent at C-6. It is
suggested that these flavonoids may serve as antifeedents
and as protection against excessive UV radiation (Smejkal
et al., 2007).

4. Experimental
4.1. General experimental procedures

'H and '*C NMR spectra were recorded on a Bruker
DR X500 (500 MHz for "H and 125 MHz for '*C) spectrom-
eter in CDCl; or CDCl3/CD30D (9:1) solution. Tetrameth-
ylsilane signal was used as an internal standard for 'H
spectra, and CDCl; (6 = 77.00) signal was used as a reference
for 3C spectra. EIMS (70 eV) and negative FABMS were
obtained on a JEOL JMS-700 spectrometer. UV spectra
were recorded on a UV-1600PC spectrometer. Optical
rotations were measured on a JASCO DIP-360 polari-
meter. CD spectra were measured with a JASCO J-500C
polarimeter at 25 °C in MeOH solution. HPLC analysis
was carried out on a Shimadzu LC-6A apparatus equipped
with a UV detector using a reversed-phase column (Inertsil
ODS-3, 15cmx4.6 mm 1i.d.) under isocratic solvent
condition.

4.2. Plant material

Fruits of the P. tomentosa Steud. (Scrophulariaceae)
were collected in September 2005 in the campus of Tokyo
Institute of Technology, and the plant source was con-
firmed by S. Kohshima, an author of this paper. A voucher
specimen (CMS17-01) is deposited in the Department of
Chemistry and Materials Science, Tokyo Institute of
Technology.

4.3. Extraction and isolation

Fresh fruits of P. tomentosa (320 g) were dipped into
MeOH (300 ml) to extract surface components, and the
MeOH solution was concentrated to dryness (5g). The
extract was subjected to silica gel CC eluting with a gradi-
ent of CHCI3;-MeOH (20:1-10:1) to give five fractions
(Frs.1-5). Fr. 1 was further separated by silica gel flash
CC eluting with hexane-EtOAc (20:1-8:1) to give 1 (20
mg) and 2/10 (120 mg). Fr. 2 was purified by Sephadex
LH-20 CC eluting with EtOAc to give 3 (120 mg). Fr. 3
was purified by silica gel flash CC eluting with hexane—
EtOAc (10:1-5:1) to give 4 (250 mg). Fr. 4 was separated

by silica gel CC eluting with CHCl;-MeOH (20:1-10:1)
to give 5/12 (60 mg) and 11 (72 mg). Fr. 5 was subjected
to silica gel CC eluting with a gradient of hexane—
EtOAc-MeOH (2:1:0.1-1:1:0.2) and then Sephadex LH-
20 CC eluting with CHCl3-MeOH (3:2) to give a purified
Fr. 5. This was finally applied to reversed-phase HPLC
(flow rate: 1.0 ml/min, solvent: 25% aqueous MeOH, UV
detection at 282 nm) to furnish 9 (2 mg), 8 (6 mg), 7 (2
mg), 15 (6 mg), 6/14 (4 mg) and 13 (14 mg) in the order
of elution.

4.4. 6-Geranyl-5,7-dihydroxy-3',4'-dimethoxyflavanone (1)

Yellow colored oil; [a]7; —6.6 (¢, 1.0, CHCl3); UV MO
(loge): 204 (4.88), 232 (4.50), 292 (4.34) 342 (shoulder); CD
(MeOH) A8328 +449, A8311 0, ASzgg —188, EIMS: I’}’l/Z 452
IMT" (81), 409 (5), 383 (20), 367 (21), 353 (22), 329 (72), 316
(10), 288 (6), 245 (5), 219 (100), 203 (30), 191 (8), 177 (10),
165 (38), 164 (32), 151 (26); HREIMS: m/z 452.2208 [M]"
(caled. for C,7H3,04, 452.2199).

4.5. A mixture of 6-geranyl-4',5,7-trihydroxy-3'-
methoxyflavanone (2) and (10)

Obtained as a 1:4 mixture of 2 and 10; yellow colored
oil; UV AMOM 202, 232, 292, 342 (shoulder); CD (MeOH)
Atsog +2.22, Aesypn 0, Aergo —8.4; EIMS: m/z 438 [M]"
(60), 395 (5), 381 (4), 369 (12), 353 (15), 315 (62), 302 (7),
288 (4), 245 (6), 231 (6), 219 (100), 203 (12), 177 (12), 165
(41), 150 (13), 135 (10); HREIMS: m/z 438.2055 [M]"
(calcd. for C26H3006, 4382042)

A mixture of compound 2/10 (3.0 mg) and ethereal
CH;,N, (3 ml) was stirred overnight at room temperature.
The reaction mixture was concentrated and purified by
PTLC to give 6-geranyl-5-hydroxy-3',4’,7-trimethoxyflava-
none (2a) as a yellow powder (1.6 mg, 50%), EIMS: m/z
466 [MT" (75), 451 (4), 423 (5), 397 (13), 396 (11), 383
(12), 368 (10), 355 (11), 343 (70), 330 (13), 302 (5), 293
(3), 287 (3), 249 (87), 245 (8), 233 (100), 219 (17), 191
(15), 179 (37), 164 (16), 151 (20), 149 (17); HREIMS: m/z
466.2317 [M]" (caled. for CpgHs404, 466.2355); '"H NMR
(CDCly) ¢ 12.01 (1H, s, 5-OH), 7.00 (1H d, J=1.7 Hz,
H-2"), 6.99 (1H, dd, J=28.1, 1.7 Hz, H-6'), 6.90 (1H, d,
J=84 Hz, H-5), 6.09 (1H, s, H-8), 5.35 (1H, dd,
J=13.2, 3.0 Hz, H-2), 5.20 (1H, brt, J=7.0 Hz, H-2"),
5.08 (1H, brt, J=6.8 Hz, H-6"), 3.92 (3H, s, 3-OMe),
3.91 (3H, s, 4-OMe), 3.83 (3H, s, 7-OMe), 3.28 (2H, d,
J=17.1, H-1"), 3.11 (1H, dd, J=16.8, 13.2 Hz, H-3a),
2.78 (1H, dd, J =17.1, 3.2 Hz, H-3B), 2.02 (2H, m, H-5"),
1.98 (2H, m, H-4"), 1.76 (3H, s, Me-3"), 1.65 (3H, s, Hs-
8"), 1.58 (3H, s, Me-7").

4.6. 6-Geranyl-4',5,7-trihydroxy-3',5'- dimethoxyflavanone
(3)

Yellow colored oil; [oc]12)5 —21.2 (¢, 2.3, CHCl3); UV
JMOH (10g6): 209 (4.93), 232 (4.59), 292 (4.46) 342 (shoul-

max
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der); CD (MCOH) A8328 +432, A83]5 O, A8290 —143, EIMS:
ml=z 468 [M]" (55), 399 (12), 383 (20), 360 (21), 345 (52), 315
(22), 219 (100), 203 (50), 180 (78), 165 (73), 151 (19), 137
(16); HREIMS: m/z 468.2169 [M]" (caled. for Ca;H3,0,
468.2148).

4.7. 6-Geranyl-4',5,5',7-tetrahydroxy-3'- methoxyflavanone
(4)

Yellow oil; [#];; —17.6 (¢, 1.6, CHCls); UV MM (joge):
206 (4.94), 233 (4.52), 294 (4.41) 342 (shoulder); CD
(MCOH) A8328 +388, A8313 0, A8289 —122, EIMS: m/z
454 [M]" (56), 438 (5), 385 (18), 369 (20), 345 (18), 331
(70), 315 (40), 219 (100), 203 (24), 177 (16), 165 (83); HRE-
IMS: m/z 454.1947 (calcd. for Co6H3007, 454.1992).

4.8. A mixture of 6-geranyl-3,3',5,7-tetrahydroxy-4'-
methoxyflavane (5) and (12)

Obtained as a 2:3 mixture of 5 and 12; yellow colored
oil; UV MM 206, 232, 292, 342 (shoulder); CD (MeOH)
A8328 +631, A83]5 0, A8292 —222, EIMS: m/z 454 |:1\/I:|Jr
(60), 436 (8), 385 (10), 331 (58), 301 (24), 289 (52), 219
(53), 203 (15), 177 (24), 165 (100), 137 (72); HREIMS: m/z
454.1945 [M]" (caled. for Co6H300, 454.1992).

Compound 5/12 (3.0 mg) and ethereal CH,N, (3 ml) was
stirred overnight at room temperature. The reaction mixture
was concentrate and purified by PTLC to give 6-geranyl-3,5-
dihydroxy-3',4',7-trimethoxyflavanone (5a) as a yellow pow-
der (1.6 mg, 50%); EIMS: m/z482[M]" (78), 464 (10),453(5),
439 (4), 413 (10), 397 (12), 395 (13), 368 (19), 359 (62), 341
(16), 329 (20), 317 (12), 303 (67), 276 (10), 256 (8), 233 (595),
219 (10), 191 (16), 179 (100), 165 (20), 161 (80); HREIMS:
mlz 482.2263 [M]" (caled. for C,sH3,0,, 482.2305); 'H
NMR (CDCl3) ¢ 11.23 (1H, s, 5-OH), 7.11 (1H, dd,
J=28.4, 1.8 Hz, H-¢'), 7.07 (1H, d, J = 1.8 Hz, H-2'), 6.95
(1H, d, J = 8.4 Hz, H-5'), 6.10 (1H, s, H-8), 5.18 (1H, brt,
J=7.0Hz, H-2"), 5.08 (1H, brt, J= 6.8 Hz, H-6"), 5.00
(1H, d, J=11.7 Hz, H-2), 4.57 (1H, dd, J=11.7, 1.5 Hz,
H-3a), 3.94 (3H, s, 3-OMe), 3.91 (3H, s, 4-OMe), 3.84
(3H, s, 7-OMe), 3.28 (2H, d, J = 6.9 Hz, H-1"), 2.04 (2H,
m, H-5"), 1.98 (2H, m, H-4"), 1.77 (3H, s, Me-3"), 1.65
(3H, s, H5-8"), 1.58 (3H, s, Me-7").

4.9. A mixture of 4,5,5,7-tetrahydroxy-3'-methoxy-6-[6-
hydroxy-3,7-dimethyl-2 (E),7-octadienyl [flavanone (6) and
(14)

Obtained as a 1:4 mixture of 6 and 14; yellow colored
oil; UV JMOH 205, 232, 292, 342 (shoulder); CD (MeOH)
A8327 +349, A8316 O, A8291 —135, EIMS: I’Vl/Z 470 |:1\/I:|+
(7), 452 (13), 384 (10), 369 (10), 331 (31), 287 (8), 231 (8),
219 (31), 203 (30), 179 (14), 165 (100); HREIMS: m/z
470.1938 [M]" (calcd. for Co6H300, 470.1941).

A mixture of compound 6/14 (1.0 mg) and ethereal
CH,N, (3 ml) was stirred overnight at room temperature.

The reaction mixture was concentrated, separated by

PTLC, and finally purified by reversed-phase HPLC (sol-
vent, 20% aqueous MeOH) to yield 6a (0.15 mg, 12.5%)
and 14a (0.6 mg, 50%). 6a: EIMS: m/z 512 [M]" (40), 497
(8) 426 (66), 413 (20), 387 (10), 373 (90), 368 (60), 360
(30), 343 (30), 329 (10), 313 (9), 285 (11), 255 (22), 236
(40), 219 (33), 194 (44), 179 (100), 165 (10), 151 (26); HRE-
IMS: m/z [M]"512.2365 (caled. for CpoH3405, 512.2410);
'"H NMR (CDCl;) § 12.04 (1H, s, 5-OH), 6.67 (2H, s, H-
2" and 6), 6.10 (1H, s, H-8), 5.33 (1H, dd, J=13.3,
2.9 Hz, H-2), 5.23 (1H, brt, J=17.3 Hz, H-2"), 4.89 (1H,
brs, Ha-8"), 4.81 (1H, brs, Hb-8"), 4.01 (1H, m, H-6"),
3.89 (6H, s, 3’ and 5-OMe), 3.87 (3H, s, 4-OMe), 3.84
(3H, s, 7-OMe), 3.27 (2H, d, J = 6.8 Hz, H-1"), 3.09 (1H,
dd, J=17.1, 13.3Hz, Ha-3), 2.79 (1H, dd, J=17.1,
2.9 Hz, Hb-3), 2.02 (2H, m, H-4"), 1.79 (3H, s, Me-3"),
1.71 (3H, s, Me-7"), 1.58 (2H, m, H-5"). 14a: 'H NMR
(CDCl3) 0 12.04 (1H, s, 5-OH), 6.99 (1H, d, J=2.4 Hz,
H-2), 6.98 (1H, d, J=38.2, 2.4 Hz, H-¢'), 6.90 (1H, d,
J=82Hz, H-Y), 6.09 (1H, s, H-8), 5.34 (lH, dd,
J=13.3, 29 Hz, H-2), 5.23 (1H, brt, J=7.3 Hz, H-2"),
4.89 (1H, brs, Ha-8"), 4.81 (1H, brs, Hb-8"), 4.02 (1H, m,
H-6"), 3.93 (3H, s, 3-OMe), 3.91 (3H, s, 4-OMe), 3.83
(3H, s, 7-OMe), 3.27 (2H, d J = 6.8 Hz, H-1"), 3.11 (1H,
dd, J=17.1, 13.2 Hz, Ha-3), 2.79 (1H, dd, J=17.1 Hz,
2.9 Hz, Hb-3), 2.02 (2H, m, H-4"), 1.79 (3H, s, Me-3"),
1.71 (3H, s, Me-7"), 1.58 (2H, m, H-5").

(R)-MTPA-CI (1 ul) was added to a solution 6a (0.3 mg)
in pyridine (30 pl) and the mixture was allowed to stand for
1 h at room temperature. The mixture was concentrated
after addition of MeOH (30 pl), and purified by PTLC to
give the 6”-0-(S)-MTPA ester; 'H NMR (CDCl5) 6 12.07
(1H, s, 5-OH), 6.09 (0.5H, s, H-8), 6.08 (0.5H, s, H-8),
4.99 (0.5H, brs, H-8"), 4.94 (0.5H, brs, H-8"), 4.90 (0.5H,
brs, H-8"), 4.89 (0.5H, brs, H-8"), 3.84 (1.5H, s, 7-OMe),
3.83 (1.5H, s, 7-OMe), 3.54 (1.5H, brs, MTPA-OMe),
3.52 (1.5H, brs, MTPA-OMe), 3.27 (0.5H, d, J="7.1 Hz,
H-17), 3.25 (0.5H, d, J=7.1 Hz, H-1"), 1.76 (1.5H, s,
Me-7"), 1.71 (1.5H, s, Me-7").

4.10. 3,3',.4',5,7-Pentahydroxy-6-[6-hydroxy-3,7-dimethyl-
2(E),7-octadienyl [flavanone (7)

Yellow colored oil; [oc]2D5 +30.1° (¢, 0.20, MeOH); UV
MO (1ogg): 203 (4.84), 232 (4.42), 292 (4.31) 342 (shoul-
der); CD (MCOH) A8332 +350, A8317 0, A8293 —112, EIMS:
mfz 456 [M]" (6), 438 (14), 370 (12), 355 (14), 331 (14), 317
(34), 301 (42), 299 (14), 287 (14), 219 (27), 203 (20), 177
(18), 165 (100); HREIMS: m/z 456.1775 [M]" (calcd. for
Cy6H3007, 456.1784).

Compound 7 (1.0 mg) and ethereal CH,N, (3 ml) was
stirred overnight at room temperature. The reaction mix-
ture was concentrated and purified by PTLC to give 7a
(0.6 mg, 50%); EIMS: m/z 498 [M]" (20), 480 (8) 412
(10), 383 (5), 368 (30), 359 (40), 343 (16), 329 (33), 319
(22), 301 (8), 233 (20), 219 (8), 179 (100), 165 (14), 151
(28); HREIMS: m/z [M]" 498.2285 (calcd. for CpgH3,4Os,
498.2254); "H NMR (CDCl3) ¢ 11.23 (1H, s, 5-OH), 7.11
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(1H, dd, J =8.2, 2.4 Hz, H-6'), 7.07 (1H, d, J = 2.4 Hz, H-
2, 6.94 (1H, d, J=8.2 Hz, H-5'), 6.10 (1H, s, H-8), 5.22
(1H, brt, J=17.3 Hz, H-2"), 5.02 (1H, d, J=12.0 Hz, H-
2), 4.58 (1H, brd, J=12.0 Hz, H-3), 4.89 (1H, brs, Ha-
8"), 4.81 (1H, brs, Hb-8"), 4.03 (1H, m, H-6"), 3.94 (3H,
s, 3-OMe), 3.91 (3H, s, 4-OMe), 3.84 (3H, s, 7-OMe),
3.28 (2H, d, J= 6.8 Hz, H-1"), 2.02 (2H, m, H-4"), 1.79
(3H, s, Me-3"), 1.71 (3H, s, Me-7"), 1.58 (2H, m, H-5").

Conversion of 7a (0.3 mg) to the 3-0,6"-0-di-(S)-MTPA
ester was carried out as described for 6a. 7a: '"H NMR
(CDCl3) 6 11.41 (0.5H, s, 5-OH), 11.40 (0.5H, s, 5-OH),
6.12 (0.5H, sp, H-8), 6.11 (0.5H, s, H-8), 5.00 (0.5H, brs,
H-8"), 4.94 (0.5H, brs, H-8"), 4.90 (0.5H, brs, H-8"), 4.89
(0.5H, brs, H-8"), 3.84 (1.5H, s, 7-OMe), 3.83 (1.5H, s, 7-
OMe), 3.55 (1.5H, brs, MTPA-OMe), 3.52 (1.5H, brs,
MTPA-OMe), 3.28 (0.5H, d, J=7.1Hz, H-1"), 3.26
(0.5H, d, J="17.1Hz, H-1"), 1.75 (1.5H, s, Me-7"), 1.71
(1.5H, s, Me-7").

4.11. 3. 4',5,7-Tetrahydroxy-6-[ 7-hydroxy-3,7-dimethy!-
2(E)-octenyl [flavanone (8)

Yellow colored oil; [o]5 +18.3 (¢, 0.60, MeOH); UV
IMOH (Jog g): 203 (4.80), 232 (4.42), 292 (4.30) 342 (shoul-
der); CD (MCOH) A8332 +325, A8317 O, A8293 *129,
HRFABMS(—): m/z 457.1891 [M—HJ]  (calcd. for
C,sH,005, 457.1862); EIMS: m/z 458 [M]" (12), 440 (42),
422 (8), 355 (10), 317 (68), 299 (18), 289 (30), 233 (10),
219 (24), 203 (12), 177 (12), 165 (100), 150 (24), 123 (42).

4.12. 6-(3-Methyl-2-butenyl)-4',5,5',7-
tetrahydroxyflavanone (9)

Yellow colored oil; [o]) +19.1 (¢, 0.24, MeOH); UV
IMOH (Jog g): 204 (4.73), 232 (4.34), 295 (4.22) 342 (shoul-
der); CD (MCOH) A8328 +339, A8316 0, A8292 -1 14, EIMS:
m/z 402 [MT" (60), 384 (5), 373 (18), 369 (7), 346 (12), 317
(40), 221 (42), 219 (14), 203 (10), 180 (74), 165 (100), 153
(28), 139 (8), 123 (8); HREIMS: m/z 402.1278 [M]" (calcd.
for Cz]szog, 4021315)

4.13. Anti-oxidant activity

The DPPH radical scavenging activity was evaluated as
reported previously (Jayasinghe et al., 2006). The concen-
trations in pg/ml (mean values of triplicated experiments)
required to scavenge DPPH free radicals by 50% (SCsg)
were determined. The antioxidants a-tocopherol and (+)-
taxifolin were used as reference compounds.
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