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Abstract—Four new constituents comprising two 2-methoxyhydroquinone glucosides, a sesquilignan and a neolignan
were isolated from the bark of Ehretia ovalifolia, together with four known lignans. The structures of the new
compounds were elucidated by chemical and spectral methods as 1-O-[ (6-vanilloyl)-#-D-glucopyranosyl]-4-O-[ (6-
syringoyl]-B-D-glucopyranosyl] 2-methoxyhydroquinone, 1,4-bis O-(6-vanilloyl)-8-D-glucopyranosyl-2-methoxyhy-
droqunone, guaiacylglycerol-larisiresinol ether and 2-{2-[0-f-D-glucopyranosyl]-3-methoxy-5-[1-( E)-propene-3-

al]-phenyl}-3-(4-hydroxy-3-methoxyphenyl-propanol).

INTRODUCTION

Ehretia ovdlifolia Hassk., a deciduous tree, 20 m high,
distributed from the tropics to the temperate regions, is
used as a structural wood or an apparatus material [1].
The bark of this species is also used as a dyestuff in Japan
because it contains tannin [1]. The present paper reports
the isolation of compounds from E. ovalifolia and their
characterization. Eight phenolic compounds have so
far been isolated and identified. These are the known
compounds icariside Es (1) [2], [-(4-hydroxy-3-
methoxyphenyl)-2-{2-methoxy-4-[1-(E)  propen-3-ol]-
phenoxy}-propane-3-diol(erythro) (2) [3,4], 1-(4-hy-
droxy-3-methoxyphenyl)-2-{2-methoxy-4-[1-(E) propen-
3-ol]-phenoxy}-propane-1,3-diol (threo) (3) [3,4] and
buddlenol B (4) [5], and four novel phenolic compounds.
Structures were elucidated by chemical and spectral
methods, especially 2D-NMR techniques.

RESULTS AND DISCUSSION

Careful separation of the polar fraction of E. ovalifolia
afforded eight polar compounds. The four known com-
pounds were identified as 1-4 by comparison with pub-
lished data [2-5].

Ehletianol A (5), C34H4,0,0, was assigned an M, of
794 by the observation of [M — H]~ ion peak at m/z 793
in the negative FAB mass spectrum. The IR absorption
bands at 1695, 1600 and 1515cm ™" and the signals at
5166.8 and 166.6 in the '*C NMR spectrum suggested
the presence of a pair of benzoyl esters. Acid hydrolysis of
5 afforded 2-methoxyhydroquinone (9), vanillic acid (10),
syringic acid (11) and D-glucose confirmed by specific
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rotation using chiral detection by HPLC. The 'H and
13C NMR spectra of 5 indicated that it was composed of
1 mol each of 2-methoxyhydroquinone, syringic acid and
vanillic acid, and 2 mol of f-glucose. The f-anomeric
configuration for glucose was judged from its large
3Juim2 coupling constant (J =7.8Hz. A *CNMR
spectral comparison of § with 9 showed glycosylation
shifts [6, 7] by + 2.0 ppm at the C-1 signal and 1.5 ppm
at the C-4 signal, demonstrating sugar linkages to be
located at the C-1-OH and C-4-OH of 2-methoxy-
hydoquinone. This was further confirmed by HMBC and
ROESY experiments (Fig. 1). Long-range correlations
were seen between H-1'(§5.531) (Gle-1) and C-1 (5143.1),
and between H-1' (65.526) (Glc-2) and C-4 (§154.0) in the
HMBC spectrum, and NOEs between H-1" (65.531)
(Gle-1) and H-6 (67.38) and between H-1' (85.526) (Glc-1)
and H-3 (66.83)/H-5 (66.93). The connectivity between
syringic acid, vanillic acid and two glucose residues was
also established from the acylation shifts. In the
13CNMR spectrum of §, the C-6' and C-5' position of
Gilc-1 and the C-6" and C-5' position of Gle-2 were shifted
to 664.9 and 75.4, and to 465.2 and 75.7, respectively, by
acylation, suggesting that the C-6’ of each glucose should
be acylated. A HMBC experiment revealed that H,-6
(85.26 and 4.98) of Glc-1 coupled to the carbonyl (6166.6)
of the vanilloyl group and H,-6' (65.47 and 4.99) of Glc-2
coupled to the carbonyl (4 166.8) of the syringoyl group,
establishing the existence of vanilloyl at the C-6" of Glc-1
and syringoyl at the C-6’ of Glc-2. Hence, § was for-
mulated as 2-methoxyhydoquinone-1-O-(6-vanilloyl)-f-
D-glucopyranosido-4-0-(6-syringoyl)-f-D-glucopyrano-
side.

Ehletianol B (6), C35H 40,4, was assigned an M, of
764 by the observation of a [M — H] ™ ion peak at m/z
763 in the negative FAB mass spectrum, i.e. 30 amu lower
than that of 5. The IR absorption bands at 1695, 1600
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and 1515cm™! and the signals due to two carbons at
6166.6 showed the presence of a pair of benzoyl esters.
Acid hydrolysis of 6 afforded 9, 10 and D-glucose con-
firmed by specific rotation using chiral detection by
HPLC. The 'H and !*C NMR spectra of 6 indicated that
it was composed of 2 mol each of vanillic acid and B-glu-
cose, and 1 mol of 2-methoxyhydoquinone. A *C NMR
spectral comparison of 6 with 9, showed glycosylation
shifts by + 2.0 ppm at the C-1 signal and 1.5 ppm at the
C-4 signal, demonstrating sugar linkages at the C-1-OH
and C-4-OH of 2-methoxyhydoquinone. This was fur-
ther confirmed by HMBC and ROESY experiments
(Fig. 2). Long-range correlations were seen between H-1
(65.53) (Glec-1) and C-1, and between H-1' (65.52) (Glc-2)
and C-4 in the HMBC spectrum, and NOEs between
H-1' (65.52) (Glec-1) and H-3 (67.40) and between H-1’
(65.53) (Glc-1) and H-5 (66.91). The connectivity between

two vanillic acids and two glucose residues was also
established from the acylation shifts. In the 1> CNMR
spectrum of 6, the C-6 and C-5 positions of the two
glucoses were shifted to 64.9 and 75.6 (each two carbon),
respectively, by acylation, showing that the two vanilloyl
groups must be linked to C-6" of each glucose. This was
further confirmed by an HMBC experiment (Fig. 2).
Long-range correlations were seen between H-6 (65.34
and 5.02) of Glc-1 and the carbonyl (6166.6) of the
vanilloyl group, and between H-6' (65.32 and 4.97) of
Glc-2 and the carbonyl (8166.6) of the vanilloyl group.
Hence, 6 was formulated as 2-methoxyhydoquinone-1,4
bis-0-(6-vanilloyl)-8-D-glucopyranoside.

Ehletianol C (7), [«]3° — 10.6° (MeOH) revealed
a [M — H]™ at m/z 555 in the negative FAB mass spec-
trum, suggesting the molecular formula, C30H36010. Ab-
sorption maxima at 230 and 281 nm in the UV spectrum
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Fig. 2. Most significant correlations observed in HMBC and NOEs of 6.
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Fig. 3. Most significant correlations observed in HMBC and NOEs of 7.
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Scheme 1. Mass spectral fragmentation and 'H-'H COSY of 7.

Table 1. 'H and '*C NMR spectral data of § and 6 (600/150 MHz, CD,CD)

5 6
Position 13C 'H 13C 'H
1 143.1 - 143.1 —
2 150.7 — 150.7 —
3 103.6 683d (2.7) 103.6 6.81d (1.5)
4 1540 - 154.0 —
5 107.7 6.93dd (9.0, 2.7) 107.8 6.91 dd (8.8, 1.5)
6 116.9 7.38d (9.0) 117.2 7.40d (8.8)
0-Me 55.7 348 s 55.7 348 s
G-1
1 1029 5.531(7.8) 102.9 5.53 (7.6)
2 749 434 (8.8, 7.8) 75.0 4.35 (8.5, 7.6)
3 78.3 443 (9.5, 8.8) 78.3 4.44 (9.3, 8.5)
4 718 421 (9.5, 9.0) 718 4.25(9.3,9.3)
5 754 442 m 75.6 447 m
6 649 5264dd (11.5, 1.5) 64.9 5.344dd (11.0, 1.5)
498 4dd (11.5,7.1) 5.02dd (11.5, 7.0)
G-2
1 102.8 5.526d (7.8) 1029 5.52d (7.6)
2 75.1 4.35dd (8.8, 7.8) 74.9 4.34 dd (8.5, 7.6)
k) 78.3 4.454dd (9.5, 8.8) 78.3 4.42dd (94, 8.5)
& 719 424 dd (9.5, 8.8) 718 4.21dd 9.5, 8.8)
5 75.7 451 m 75.6 443 m
6 65.2 5.474dd (115, 1.5) 64.9 5.32dd (11.0, 1.5)
499dd(11.5,7.1) 4.97dd (11.6, 7.2)
17 121.7 — 121.6 x 2 —
2" 1136 7.79 d (2.0) 113.6 x 2 7.82d (1.5), 7.81d (1.5)
3 148.3 — 1483 x 2 —
4" 1533 - 153.3x%x2 —
5" 116.3 7.26d (8.3) 116.2x2 7.26 d (8.5), 7.25d (8.5)
6" 124.8 7.87dd (8.3, 1.7) 1249 x2 7914dd (2H, 8.5, 1.5)
7 166.6 166.6 x 2
0-Me 558 364s 55.7x2 363s
1" 120.2 —
2" 108.4 7.69s
3 148.7 -
4" 143.1 -
5" 148.7 —
6" 108.4 769 s
7" 166.8
7" 166.8

0-Me 56.3x2 3735
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and absorption bands at 1600 and 1515 cm ™! in the IR
spectrum suggested the presence of a non-conjugated
aromatic ring. The 13C NMR spectrum of 7 showed 27
carbon signals except for the three methoxy signals, in-
dicating 7 to be a sesquilignan (3 x 9). The 'H and 'H-'H
COSY spectra showed the presence of three sets of an
ABX pattern in the aromatic region and a glycerol (part
A in Scheme 1) and a tetrahydrofuran (part B). The EI
mass spectrum showed a small [M]" peak at m/z 556
and the relatively high relative abundances of the peaks
at m/z 538 [M —H,0]*, 520 [M —2H,0]", 508
{M — H,0-CH,0]", 490 {M — 2H,0-CH,0]" and
478 [M — 2H,0-2CH,0]". The relatively high relative
abundances of peaks at m/z 360, 330 [360-CH,0O]" and
180 (path e, Scheme 1) and of peaks at m/z 151 and 121
[151 — CH,O]" by splitting of the tetrahydrofuran ring
(path b) [8] indicated the presence of a guaiaepoxylignan.
The relatively high relative abundances of peaks at m/z
195, 177 [195 — H,0]™ and 165 [195 — CH,0]" (path
d) indicated the presence of guaiacylglycerol. The gross
structure of 3 was determined by analysis of NMR data

including 'H-'H COSY, HMQC, HMBC and ROESY
and reference to the data of 2, 3 and lariciresinol [9, 10].
The C-7 signal in the '*C NMR spectrum of 7 appeared
at lower field by 1.3 ppm than that of 3, demonstrating
that 7 is the threo-isomer. The stereochemistry of the
tetahydrobenzofuran part was elucidated by a ROESY
experiment. The NOEs between H-8" and H-9/H-8'/H-
2" indicated a cis-configuration of 8'/8" and a trans-
configuration of 77/8”. Ehletianol C is therefore con-
sidered to have the structure 7.

Ehletianol D (8), C,¢H3,0,,, was an amorphous pow-
der. The negative FAB mass spectrum showed peaks at
m/z 519 [M — H]* and 357 [M — H-CcH,,05]", ie.
2H less that of 1. Absorption maxima at 234 and 303 nm
in the UV spectrum and absorptions at 1670, 1600 and
1515 cm ™~ ! in the IR spectrum 8 suggested the presence of
an aromatic propenal side-chain conjugated system. On
acid hydrolysis, 8 afforded several unresolved compo-
nents for aglycone, besides D-glucose confirmed by chiral
detection by HPLC. A '3C NMR spectral comparison of
8 with 1, showed that 8 differs structurally from 1 only in

Table 2. 'H and '*C NMR spectral data of 7 (600/150 MHz) and 8 (200/50 MHz)

7 (CD,;0D) 8 (pyridine-ds)
Position 3C 'H 13C 'H
1 133.8 -— 132.5 —
2 111.7 701 d (1.5) 1113 6.92d (1.8)
3 148.8 148.8 —
4 147.2 - 146.4 -
5 111.5 6.74 d (8.0) 111.6 7.034d (8.0)
6 120.7 6.85dd (8.0, 1.5) 1225 6.90 dd (8.0, 1.8)
7 74.1 4.87d (6.0) 39.0 345d (14.3,7.2)
317d (143, 83)
8 87.5 4.24 ddd (6.0, 5.2, 4.0) 425 479 m
9 619 3.71dd (12.0, 4.0) 66.5 4.34 bds (2H)
346 dd (12.0, 5.2)
1 136.7 -— 1317 —
2 114.2 6.87d (1.5) 110.7 Tt brs
3 151.8 — 153.6 .
4 1479 147.8
5 119.5 6.97 d (8.0) 140.3 —
6 122.4 6.71 ddd (8.0, 1.5, 1.5) 122.5 715 brs
7 337 2.95dd (13.0, 5.0) 154.3 7.53d(16.2)
2.52ddd (13.0, 11.5, 1.5)
8 438 273 dddd (11.5, 6.4, 6.0, 6.0, 5.0) 128.7 6.944d (16.2, 7.1)
9’ 73.5 397dd (8.0. 6.4) 195.0 9.834 (7.1
3.70 ddd (8.0, 6.0, 1.0) Gilc
17 135.7 - 105.3 5.63d (6.5)
2 110.6 6.90d (1.5) 764
3 149.0 — 78.6
4" 147.1 - 71.4
5 116.0 6.75 d (8.0} 78.4
6 119.8 6.76 dd (8.0, 1.5) 62.5
7" 84.0 4.74 dd (6.8, 1.0)
8" 54.1 2.37 dddd (8.0, 6.8, 6.4, 6.0)
9" 60.4 3.82dd (11.0, 8.0)
3.634dd (110, 6.4)
0-Me 56.3 3805 56.3 368s
56.4 38ts 56.6 370s
56.5 3815
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its propenal side-chain, though the same sugar unit is
also affixed to C-4'. Reduction of 8 with lithium
borohydride gave 1. Ehletianol D is therefore considered
to have structure 8.

EXPERIMENTAL

General. Mps uncorr. NMR: recorded on Varian
UNITY 600 or 200 spectrometers in CsDsN soln using
TMS as int. standard. NMR expts included '‘H-'H
COSY, 'H-'3C COSY, DEPT, TOCSY, ROESY and
HMBC (512 x 1024 data matrix size, 128 scans, recycle
delay = 1.16 sec). Coupling constants (J values) are given
in Hz. FAB-MS (Xe gun, 10 kV, m-nitrobenzyl alcohol as
matrix). For CC, silica gel 60 (40-63 ym, Merck) and for
TLC, silica gel 60F-254 (Merck) were used.

Isolation of saponins. Fresh powdered bark (5 kg) was
extracted with EtOH at room temp. for 2 weeks. The
EtOH extract (100 g) was subjected to CC on silica
gel eluting with CH,Cl,-MeOH-H,0O (25:4:0.1-
25:10:0.5) to afford frs 1-4. Fr. 22 (30 g) was further
eluted with CH,Cl,~-MeOH-EtOAc-H,0 (4:2:4:1, up-
per layer) to give frs 1 (4.5 g), II (3.5 g), III (2.0 g), and 1V
(3.0g). Frs II and III were purified by prep. HPLC
(YMC, ODS, S-5, 5-15% MeCN) to afford icariside E;
(1, 800 mg), 2 (13 mg), 3, (6 mg), buddlenol B (4, 6 mg),
ehletianol C (7, 6 mg) and D (8, 200 mg). Fr. IV was
purified by prep. HPLC (Nomura, phA, S-5, 1-2%
MeCN) to give ehletianol A (5, 15 mg) and B (6, 47 mg).

Ehletianol A (5). Amorphous powder. [«]3° — 14.9°
(pyridine; ¢3.5). FABMS m/z 793 [M — H] . IR v,
{film)ycm ™~ ': 3425, 1695, 1600, 1520, 1455, 1295, 1220,
1075. UV MOH nm (loge): 204 (4.55), 220 (4.52), 263
(4.16). For 'H and '*C NMR data, see Table 1.

Ehletianol B (6). Amorphous powder. [2]3° — 6.6” (py-
ridine ¢1.7). FABMS m/z 763 [M—-H] . IR
Vimax (film) cm ~1: 3420, 1695, 1600, 1515, 1455, 1290, 1220,
1075. UV MOH nm (loge): 204 (4.65), 219 (4.57), 261
(4.31). For 'H and '*C NMR data, see Table 1.

Ehletianol C (7). Amorphous powder. [«]3® — 10.6°
(MeOH; ¢0.7). FABMS m/z 555 (M—H] . IR
Ymax (film) cm ™' 3400, 1600, 1520, 1455, 1280, 1075. UV
AMeOH nm (loge): 230 (4.71), 281 (4.32). EIMS m/z (rel.
int.): 556 (2), 538 (6), 520 (9), 508 (41), 490 (16), 478 (19),
360 (27), 330 (10), 490 (16), 285 (10), 236 (13), 205 (24), 195
(10), 193 (25), 177 (8), 175 (32), 165 (12), 163 (16), 151 (42),
137 (84). For 'H and '3C NMR data, see Table 2.

Ehletianol D (8). Amorphous powder. [«]3° — 165°
(MeOH: ¢2.5). FABMS m/z 519 [M—H] . 357
[M — H-C4H,O5] . IR v, (ilm)cm™!: 3400, 1670,
1600, 1515, 1465, 1270, 1080. UV MOH nm (loge): 234
(4.29), 303 (4.22). EIMS myz (rel. int.): 358 (28), 326 (4), 204
(24), 175 (4), 151 (3), 137 (100), 122 (5), 91 (3), 73 (6). For
'H and '*C NMR data, see Table 2.
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Acid hydrolysis of ehletianol A (5) and B (6). A soln of
each compound (3 mg) in 5% H,SO, was heated at 100°
for 2 hr. The reaction mixt. was passed through a column
of Amberlite IR-45 on Mitsubishi Daiaon HP-20. From
the H,O eluate of 5 and 6, D( + )-glucose was detected
using RI and chiral detection (Shodex OR-1) by HPLC
(Shodex RSpak DC-613, 75% MeCN, | mlmin~*, 70°)
and comparison with authentic sugars (10 mM of D-Glc).
From the MeOH eluate of 5, 9-11 were detected by TLC
[EtOAc-EtOH-50% HOAc, 100:10:1)]: Ry; 0.60 (2-
methoxyhydroquinone), 0.47 (vanillic acid) and 0.39 (syr-
ingic acid). From the MeOH eluate of 6, 9 and 10
were detected by TLC [EtOAc-EtOH-50% HOAc,
100:10:1)]: R;; 0.61 (2-methoxyhydroquinone), and 0.48
(vanillic acid).

Acid hydrolysis of ehletianol D (8). A soln of 8 (3 mg) in
5% H,80, was heated at 100° for 2 hr. The reaction
mixt. was extracted with Et,O. The aq. layer was neu-
tralized with Amberlite TR-35 and evapd in vacuo to
dryness. Sugars were identified in the same way as de-
scribed for 5 and 6. The sugar part gave D-Glc.

LIBH, reduction of ehletianol D (8). A soln of 8 (10 mg)
and LiBH, (10 mg) in MeOH (3 ml) was stirred for 1 hr
at room temp. and worked-up as usual. The reaction
mixt. (10 mg) was purified by HPLC (YMC, ODS S-5,
10% MeCN) to afford 1 (8 mg).
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