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Abstract—Three new flavonoids, daphnodorins J-L. were isolated from the roots of Daphne odora, and their

structures established from spectral and chemical evidence. « 1997 Elsevier Science Ltd. All rights reserved

INTRODUCTION

In the course of our studies on the chemical con-
stituents of thymelaeaceae species we have isolated
three new flavonoids. daphnodorins J-L (1-3) in
addition to 11 biflavonoids, daphnodorins A-C. D,,
D,. E~I and dihydrodaphnodorin B from the roots of
Daphne odora Thunb. [1-6]. This paper deals with
their isolation and structural elucidation.

RESULTS AND DISCUSSION

Three new flavonoids, daphnodorins J-L (1-3) were
isolated from the biflavonoid fraction of an ethyl acet-
ate root extract of D. odora.

Compound 1, a pale yellow viscous oil, was assigned
the molecular formula C;,H,,0, by HR-SI mass spec-
trometry (m/z 529.1479 [M + H]"). The UV spectrum
showed absorption maxima at 324 sh, 285, 226.5 and
217 nm. The IR spectrum showed absorption bands
at 3402 br. 1626, 1518 and 1459 cm ', suggesting the
presence of hydroxyl and carbonyl groups and an
aromatic ring. The '"H NMR spectrum (Table 1)
showed signals assignable to two pairs of 4-oxyphenyl
groups [4 7.15, 6.61 (each 2H. d. J = 8.5 Hz). 7.08,
6.69 (each 2H. d, J = 8.5 Hz)]. a 2.4.,6-trioxyphenyl
group [4 5.80 (2H. br s)]. a 2,8 (or 2,6)-disubstituted
5.7-dioxy-3.4-dihydrobenzopyran ring [¢ 6.05 (1H. s).
495 (IH. dd, J = 9.8 and 2.1 Hz). 2.65 (2H. m). 2.13
(IH. m) and 1.76 (1H. m)], one pair of coupled ben-
zylmethine [§ 6.11. 5.95 (each 1H. d, J = 10.6 Hz)]
and six phenolic hydroxyl groups [d 13.65, 9.80, 9.13,
8.30. 8.20, 8.19 (each 1H. s)). These signals were
closely related to those of dihydrodaphnodorin B (4).
except for the presence of signals due to a 2.8 (or 2.6)-
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disubstituted 5.7-dioxy-3.4-dihydrobenzopyran ring
instead of the signals due to a 2,8-disubstituted 5,7-
dioxy-3-hydroxy-3.4-dihydrobenzopyran ring [§ 6.08
(I1H.5). 476 (IH.d.J =69 Hz).427(1H.d. J =438
Hz). 392 (1H.m), 2.82(IH.dd.J = 16.0,4.9 Hz), 2.62
(IH.dd.J =16.0,7.5 Hz)]. The *C NMR spectrum of
1 (Table 1) was very similar to that of 4 except for a
signal assignable to a methylene carbon instead of a
signal due to methine carbon in 4. indicating that 1 is
dihvdrodaphnodorin A. This presumption was con-
firmed by direct comparison with one of two dihydro
isomers prepared from daphnodorin A (5) by catalytic
hydrogenation with PdO in EtOH. Thus, the absolute
configuration at the C-2 position in 1 was assigned as
S from its similarity to 5. The relative configuration
between C-2" and C-3” was concluded to be ¢is by the
NOE experiment of 1. although the absolute ster-
eochemistry remains to be determined.

Compound 2. a pale yellow viscous oil, was assigned
the molecular formula C,,H,,0, by HR-SI mass spec-
trometry (sm = 527.1339{M — H] 7). The UV spectrum
showed absorption maxima at 348 sh, 304 sh, 269, 228
sh and 215 nm. The IR spectrum showed absorption
bands at 3381 br, 1652, 1610 and 1499 cm ', indi-
cating the presence of hydroxyl. carbonyl groups and
an aromatic ring. The '"H NMR spectrum of 2 (Table
2) showed signals owing to four pairs of 4-oxyphenyl
groups [0 7.59. 7.58 (each 2H. d. J = 8.7 Hz) and 6.82
(4H. d. J = 8.7 Hz). 7.30. 7.28 (each 2H. d. J = 8.6
Hz) and 6.86 (4H. . J = 8.6 Hz)]. two 2.8 (or 2.,6)-
disubstituted  5,7-dioxy-3-hydroxy-3.4-dihydroben-
zopyran rings [0 6.00 (2H, s). 4.92. 4.88 (each | H, dd,
J=10.1. 1.9 Hz), 2.69 (4H. m). 2.10 (2H, m). 1.95
(2H. n1)]. and 12 phenolic hydroxyl groups [0 [3.18,
13.17. 9.08. 9.05. 8.45. 8.43. 7.93. 7.92 (each 1H, ),
9.72.7.59 (each 2H, s)]. This NMR profile was similar
to those of the atropisomers of 5.7.4'-trihydro-
xyflavane 5”. 7”. 4" "-trihydroxyflavone, daphnodorin
D, and D (6 and 7). indicating that 2 is also a mixture
of two atropisomers. i.e. it is structurally analogous
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Table 1. NMR spectra data for compounds 1 and 4 (values in parentheses are coupling constants in Hz) (§ ppm, in

acetone-d,)

H C

1 4 1 4
2 4.95dd (9.8, 2.1) 4.76 d (6.9) 88.7 82.4
3 2.13m 392 m 31.7 69.2
{H or OH) 1.76 m 4.27 d (4.8)
4 2.65m 2.82dd (16.0.4.9) 20.3 28.3

2.62dd (16.0.7.5)

da 102.8 101.2
) 152.3* 165.8*
6 6.05 s 6.08 s 90.1 90.5
7 157.3* 165.8*
8 106.7 106.6
8a 157.7* 162.0*
I’ 130.5 130.3
2.6 7.08 d (8.9) 7.14 d (8.6) 127.7 129.0
3.5 6.69 d (8.5) 7.13 d (8.6) 116.1 115.5
4 158.0* 158.0*
2" 6.11 d(10.6) 6.09 d (10.4) 78.1 88.8
3" 595d(10.4) 5.94 d(10.4) 57.2 57.3
4" 202.9 202.9
3 106.5 105.9
6" 161.8 157.8
7" 5.80 brs 5.76 brs 96.1 96.1
8" 165.6* 157.7*
9" 5.80 brs 5.76 brs 96.1 96.1
10" 157.3* 157.7*
1" 134.6 131.8
127,16" 7.15d(8.5) 6.61 d(8.6) 129.9 130.1
13".15" 6.61 d (8.5) 6.70 d (8.6) 127.7 116.1
14" 158.0* 152.4%
-OH 13,65 13.64 5

9.80 s 9.78 s

9.13 s 9.14 5

830 s 8.39s

8.20 5 825y

8.19 s 823

*Assignments with the same superscript may be reversed in each column.

to 6 and 7. Methylation of 2 with diazomethane
afforded a pentamethyl ether (8). whose *C NMR
spectrum showed the down field shift of two methoxy
carbon signals to ¢ 60.3 and 60.2, which were not
observed in those of the hexamethyl ethers of 6 and 7
[7]. From the above results, it is deduced that 2 is not
a C-8/C-3"-biflavonoid, but a C-6/C-3"-biflavonoid.
This deduction was confirmed by the production of
2 on treatment of both 6 and 7 with HCl/MeOH.
Furthermore, 2 is optically inactive.

Compound 3, a pale yellow viscous oil was assigned
the molecular formula C,;H,,0, by HR-SI mass spec-
trometry (m/z407.1120 [M + H] ™). The UV spectrum
showed absorption maxima at 351 sh, 305 sh, 295.5
and 224 nm. The IR spectrum showed absorption
bands at 3447 br, 1631, 1596 and 1518 cm~'. sug-
gesting the presence of hydroxyl and carbonyl groups
and an aromatic ring. The 'H NMR spectrum of 3
(Table 3) showed signals assignable to two pairs of 4-

oxyphenyl groups [0 7.89, 6.74 (each 2H, d, J = 8.9
Hz), 6.82, 6.65 (each 2H, d, J/ = 8.6 Hz)}, a 2,8 (or
2,6)-disubstituted 5.7-dioxy-3.4-dihydrobenzopyran
ring [d 6.09 (1H, ), 4.64 (1H. dd, J = 10.2, 2.2 Hz),
2.60 (2H, m), 1.90 (2H, m)], a chelated hydroxyl group
[0 12.57 (1H, s5)] and three phenolic hydroxyl groups
[8 9.95,9.24, 8.33 (each 1H, s)]. The *C NMR spec-
trum of 3 {Table 3) showed signals assignable to two
carbonyl carbons at ¢ 199.2 and 190.6, in addition to
the signals described above. On acetylation with acetic
anhydride and pyridine 3 formed a tetraacetate (9),
C;H.,0,,. From these results, it was deduced that 3
is a 5.7,4'-trihydroxyflavan bearing a benzyl moiety,
whose partial structure was confirmed by the 1,2-
dinitrobenzene/formaldehyde test [8]. Thus, the struc-
ture of 3 was elucidated as shown. This structure was
further supported by analyses of the long range C-H
COSY spectrum of 3 (Table 4) and the MS frag-
mentation of 9.
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Daphnodorin A (5): R=H
Daphnodorin B : R = OH

EXPERIMENTAL

General. EIMS: 70 eV. 'H and '*C NMR: 300 and
75.4 MHz with TMS as int. standard. CC: Merck
silica gel 60 (70-230 mesh), Merck silica gel 60H and
Sephadex LH-20. TLC: Merck silica gel 60 F,s, plate
(0.25 mm) and Whatman silica gel 150A PLKS5F (1
mm). Spots and bands were detected by UV
irradiation (254 and 365 nm).

Extraction and isolation. Air dried roots of Daphne
odora Thunb. (4.5 kg) were collected from plants
grown in the botanic garden of Osaka University of
Pharmaceutical Sciences in January 1992 and for
which a voucher specimen is deposited in the same
university. The roots were chopped into small pieces
and extracted with EtOAc (20 1 x 5) under reflux.
The combined EtOAc extracts were coned to dryness
in vacuo. The residue (825 g) was subjected to CC
on silica gel eluted successively with a hexane-EtOAc¢
system of increasing polarity. The 50% EtOAc elua-
tes. containing the biflavonoids. were concd and rech-
romatographed on silica gel with CHCl,-MeOH
(10:1) to give 1 (2.0 g), 2(0.46 g) and 3 (0.2 g).

Daphnodorin J (1). Pale yellow amorphous powder,
Gibbs test: orange. HR-SIMS m/=529.1479 [M + H]*
{calc. for C;H»50,, 529.1479). UV 229 nm (log ¢):
324 sh (4.65), 285 (5.25), 226.5 (5.62). 217 (5.56). IR
vieer cm~': 3402 br. 1626, 1518. 1459. ORD (dioxane:
¢0.47) [2]* (nm); +25.0° (589), +25.47(550), +24.6
(500), +6.7" (450), 0 (437). —70.0 (400), —285.4
(374). CD (dioxane; ¢ 5.68 x 107°.) A¢™ (nm): 0 (380),

DaphnodorinJ (1) : R=H
Dihydrodaphnodorin B (4) : R = OH

—5.6 (305). 0 (284), +0.8 (280). 0 (273). —0.5 (285),
0(250). '"H and *C NMR in Table 1.

Catalytic hydrogenation of 5. A soln of § (100 mg)
in EtOH (2 ml) was added to prereduced PdO (500
mg) in EtOH (50 ml), and the mixt. was stirred in the
presence of H, until consumption of H. ceased. The
catalyst was filtered off and the filtrate evapd to
dryness. The product was purified by CC on Sephadex
LH-20 with MeOH to give two dihydro isomers (la
and 1b), of which la was identified as daphnodorin J
(1). Compound 1b: pale yellow amorphous powder.
'H NMR (Me-.CO-d,): 5 13.65-8.18 (6H br). 7.12 (4H,
d. J=86Hz).669(2H, d, J=8.6Hz), 6.5 (2H, d,
J=8.6 Hz). 6.07 (1H, d. J = 10.2 Hz). 6.06 {1H, s),
6.00 (1H. d. J = 10.2 Hz), 5.74 (2H, hrs), 4.86 (1H. d.
J = 9.8 Hz). 2.65 (2H, m), 2.13 (1H. m). 1.76 (1H, m).

Daphnodorin K (2). Pale yellow viscous oil. Gibbs
Test: yellow. HR-SIMS m/z 527.1339 [M + H]" (calc.
for C;,H,;0,, 527.1340). UV, zdowre nm (log ¢): 348
sh (2.81). 304 sh (3.11), 269 (4.36). 228 sh (3.53). 215
(3.70). IR vKP cm™': 3381 br. 1652. 1610, 1499. 'H
and *C NMR in Table 2.

Pentamethyl ether of 2 (8). Pale yellow amorphous
powder. HR-MS m'z 596.2014 [M]~ (calc. for
CisHix0s, 596.2044). 'H NMR (CDCl,): 8 13.11 (1H,
5), 13.07 (1H, s). 7.50 (2H. d. J = 8.8 Hz), 7.49 (2H,
d.J =88 Hz). 7.37 2H. d. / = 8.8 Hz). 7.35 (2H, d,
J =838 Hz). 6.94 (4H. d. J = 8.8 Hz). 6.82 (2H, 4,
J =828 Hz). 6.81 (2H. d. J = 8.8 Hz), 6.48 (2H, d,
J =22 Hz). 6.38 2H. d. J = 2.2 Hz). 6.36 (1H. »),



M. TANIGUCHI et al.

186

UWNJod Yok Ul PasIaadl 3q Aew jduosiadns swes ay) yum syuswugissy,

S69°L S19°L $6S°L "6S’L

STC8 S0T°8 STOL "t6L

SETR ST SEP'8 "Sv'8

YS6'8 YO%'8 $60'6 806

Y$S°6 S1S°6 STL6 L6
YoTel SeETyl SLIEL81E HO-
25661 v'091 P 091 Sl
1'911 SLSTE8'SHL (8'8) P ¥8°9 (8'8)P 8L9 (LIPT8Y "I89 ST
9 1¢l TIELTIel (8'8) P 8¢L 8P TrL (LP8SL "6S°L F10.01
1'9¢1 Y4 Naydl 46
w8651 8851 "8RS v.8
v'ro L6 176 P69 oy 69 WP ery ‘ery .8
07981 L'¥91°L¥91 A
966 £'66 €66 aaprery (1Ir Ty 0T P8TY "8T9 .9
nELS] LATAIN AR .S
501 TSO1Tsol vy
sl £ERl EERl 4
4! ST ST 3
6'LS] CS91 TSIl e
17681 R°LS1"8LSH ¥
1911 0911 SLSTLR S (98P S99 9P TLY (9R) P 989 989 S
€8¢l ¥Rl [ T B 1 9°8) 7 069 OPviL (98) P RTL 0L 9T
vyel Svel 6'tel6tEl a
oL 091 20 €91 aS'SST 9768 vy
0101 1ol 1796 "T96 £009 009 8
:6°¢91 W91 a9LS1RLS] L
£'96 $96 L 001 ‘87001 S019 Y809 9
0691 «0'$91 LPST8pS1 ¢
§'Tol L7701 1770 "T°TO1 vy

HSel ol
0C £0C €0 0T m9e My'e worg ore ¥
¥ ot Lle $6C "S6C W69l wp6'l W69t 69T £
8L P'8L 6°LL TI'8L (c oo vy WT96Prroyy 110D 88y 6 [

L 9 4 L 9 [4

D) H

(“p-su0390e Ut *widd ¢) £ pue 9 'z spunodwod 10} BIEP j84103ds Y AN T 39E],



Three flavonoids from Daphne odora 187

OH
Daphnodorin D5 (7)

6.33 (1H. s), 5.00 (1H. dd, J = 9.5. 2.1 Hz), 4.95 (1H,
dd. J = 9.5, 2.1 Hz). 3.89 (6H. s). 3.83 (6H, s), 3.81
(3H. ), 3.80 (3H. s), 3.64 (3H. s), 3.60 (3H. s), 3.58
(3H. 5). 3.44 (3H. 5), 2.80 (2H. m). 2.69 2H, m), 2.13

Table 3. NMR spectral data for compound 3 (values
in parentheses are coupling constants in Hz) (3 ppm. in
acetone-d,)

H C
2 4.64 dd (10.2, 2.2) 80.1
3 1.90 m 19.7
4 2.60 m 29.5
4a 102.7
5 166.5
6 6.09 s 96.3
7 166.2
8 103.6
8a 159.9
1N 131.7
2.6 6.82 d (8.6) 128.6
3.5 6.65 d (8.6) 115.8
4 158.2
1" 199.2
2 190.6
3 126.4
4", 8" 7.89d(8.9) 116.1
57 6.74 d (8.9) 132.6
6" 163.4
-OH 12.56 5

995

9.24 5

833

Daphnodorin K (2)

(2H, m), 2.04 (2H, m). “C NMR (CDCl,): § 182.2,
182.0.165.4 x2,162.4 x4,161.1 x2,159.4 x2,157.8
x2, 157.4 x2, 157.3, 157.2, 157.1 x2, 133.6 x2,
129.9 x4,127.5 x4,125.7 x2,114.0 x2,113.9 x2,
113.8 x2,113.6 x2.113.5 x2,108.2 x2,108.1 x2,
105.1 x2,97.8 x2,96.6.96.5.92.0 x2, 779, 77.7.
60.3, 60.2, 55.9 x2,55.8 x2.55.4 x2.553 x2,294
x2,20.2 x2.

Conrersion of 6 and 7 to 2. Compound 6 (124 mg)
in MeOH (5 ml) was heated at 100 with 8% HCl-
MeOH (5ml) for 20 min. and extracted with EtOAc.
The EtOAc soln was washed with water, dried and
concd to dryness and purified by prep. TLC (CHCl—
MeOH 7:1) to afford 2 (13.8 mg). Compound 7 (60
mg) was treated in the same way as 6 to afford 2 (9.4
mg).

Daphnodorin L (3). Pale yellow viscous oil, Gibbs

Daphnodorin L (3)
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Table 4. Long range “C-'H COSY spectral data for com-

pound 3
C Correlated H
4a 4.6
S 6. 7-OH
6 7-OH
7 6. 5-OH
8 6. 7-OH
8a 4
Iy 3.y
2.6 2206
4 26
2" 4" 8"
3" 5.7
4. 8" 4", 577", 8"
57 47,577 8"
6" 4" 5" 7" 8"

test: grey-green. HR-SIMS /- 407.1121 [M + H|"
(calc. for Cy3H 405, 407.1130). UV 2503 nm (log «):
351 sh (3.42). 305 sh (4.14). 295.5 (4.20). 224 (4.35).
IR vi8 em ™' 3447 br, 1631, 1596, 1518. ORD (diox-
ane: ¢0.48) [a] (nm): —22.9 (589). —28.8 (550).
—39.6 (500), —58.3 (450). —91.7 (400). CD {diox-
ane; ¢4.93 x 107°)A¢™ (nm); 0 (400). —4.9 (360). 0
(340). —39.3(301), —31.9(298). —52.9(292). 0 (266).
+4.9 (250), 0 (244). 'H and "*C NMR in Table 3.
Tetraacetate of 3 (9). Pale yeliow viscous oil. HR-
MS mjz 574.1461 [M]" (calc. for C, H,O,,. 574.1473).
412.1148 (C.:H.\Oy, 412.1157). 411.1090 (C,-H 004

411.1079), 163.0395 (CyH,0,, 163.0394). IR viZicm ™!
41 3505 br, 3069, 2361, 2345, 1769, 1678, 1600, 1510.
'H NMR (CDClL): ¢ 7.59 (2H, 4, J = 8.7 Hz), 6.95
(2H. d. 7 =8.7 Hz), 6.93 (2H, d. J =8.7 Hz), 6.84
(ZH.d.J =8.7Hz).6.64 (1H, 5),4.77(2H, dd, / = 9.7,
3.4 Hz). 2.70 (2H, m), 2.09 (ZH, m), 2.32, 2.31, 2.30,
2.92 (each 3H, 5). "C NMR (CDClL): 4 191.8, 189.9,
169.7. 169.4. 168.6. 167.9. 158.1, 154.9, 153.8, 150.6,
150.4, 135.9. 131.2 x2.129.8, 1272 x2, 121.6 x4,
114.3.113.9.110.8,78.9.27.9.20.9 x2,20.6 x2,19.8.
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