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Abstract—A new guaiacylglycerol ether, threo-guaiacylglycerol-8'-vanillic acid ether, pyrocatechuic acid, pyro-
catechuic acid 3-O-f-D-glucoside, gentisic acid, gentisic acid 5-O-B-D-glucoside, vanillic acid and vanillic acid
4-0-B-D-glucoside were identified from fruits of Boreava orientalis. Structural elucidation was carried out on the basis
of UV, mass, 'H and '*C NMR spectral data, including 2D shift-correlation and selective INEPT experiments.

INTRODUCTION

Boreava orientalis is a weed widely distributed in Turkey.
Its fruits are used in traditional medicine for coughs and
also in the treatment of skin disease [1, 2]. Previously,
a new gentiobiose derivative and other compounds were
reported from the fruits of this species [3]. From a meth-
anol extract, we have isolated a new hydroxybenzoic acid
derivative and some glucosides [4]. A considerable num-
ber of hydroxybenzoic acids combined with a guaiacyl-
glycerol group have been found to occur as breakdown
products of lignin [5, 6]. Some phenolic acids have im-
portance for their pharmacological and biological activ-
ities [7-9]. Pyrocatechuic acid, in particular has been
identified as a potentially useful iron-chelating drug [10].
Hydroxybenzoic acids occur in some families (Pinaceae,
Solanaceae and Cruciferae [11]) as major components.

RESULTS AND DISCUSSION

Extracts of the dried fruits of B. orientalis yielded seven
compounds (1-7) and their structures were determined
on the basis of chemical evidence and spectroscopic stud-
ies.

Compound 1, C;gH,,04 from the HRFAB mass spec-
trum, exhibited a positive ferric chloride reaction. The IR
spectrum suggested the presence of hydroxyl, carbonyl
and an aromatic ring. The UV spectrum showed absorp-
tion maxima at 261 and 286 nm. The shifts of the absorp-
tion maxima on the addition of NaOEt were similar to
those of vanillic acid glucoside [12]. Compound 1 could
not be hydrolysed with 3% HCI and 0.5 M NaOH.

The M, of 1 was 364 as shown by the negative ion FAB
mass spectrum (m/z 363[M — H] ). The fragment ions at
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mfz 167 [M —H —196]7, 196 [M — H — 167]~ and
286[M — H — 77]~ were due to the loss of vanillic acid
and guaiacylglycerol. The presence of fragment ions at
m/z 196 and 212 [M — H — 151]7, due to the elimina-
tion of 3-methoxybenzoic acid (151 mu), suggested that
vanillic acid was linked to the guaiacylglycerol moiety
via an ether band. The m/z 211 [M — 153]" ion in the EI
mass spectrum was due to loss of an ethylene glycol unit
with a vanillic acid moiety.

The location of the ether group in the guaiacylglycerol
and its relative stereochemistry was determined by de-
tailed analysis of 'H and !*C NMR spectra, including 2D
shift-correlation, NOE correlation and selective INEPT
experiments. The 'HNMR spectrum of 1 showed the
presence of typical protons of two methyl ethers, viz. o-
and f-methine protons (Table 1). Coupling constants and
chemical shifts values of the S-methine proton of methyl-
ate (1M) were similar to those of the synthetic threo-
isomer reported by Katayama et al. [13]. However, the
signals attributed to the proton of C-8 of the glycerol
core in acetate (1A) were shifted by ca 0.5 ppm when
compared with guaiacylglycerol acetate, as would be
expected after etherification. The ether location was thus
determined to be at the C-8 position in the guaiacyl-
glycerol unit. This was supported by the presence of an
ion at m/z at 211 in the EI mass spectrum.

Chemical shifts for guaiacylglycerol in the *>C NMR
spectrum were in good agreement with values estimated
for guaiacylglycerol etherified with an aromatic group at
C-8 in glycerol (Table 2) [14, 15]. Therefore, 1 was
identified as threo-guaiacylglycerol 8'-vanillic acid ether,
a new natural products; however, it has been identified as
a breakdown product of lignin. :
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Table 1. "H NMR (400 MHz) spectral data of I and its methyl and acetate derivatives

Acetate (1A)

¥

1* Methyl (1M)

2 7.57 (d, J = 2.0) 7.60 (d, J = 2.0)
5 7.89(d. J =173 7.12(d. J =8.3)
6 7.58 (dd, J = 2.0, 7.9) 7.63 (dd, J = 2.0, 8.3)
2 7.06 (d. J =20 6.98 - 6.94 (unres)
5 6.74 (dd, J = 2.0, 8.3) 6.98 - 6.94 (unres)
6 6.85 (dd, J = 2.0, 8.3) 6.83(d, J =83
7 489 (d, J =54 498 (d, J = 8.3)
g 4.53(dd, J = 537,59) 4.19 (dd, J = 6.8, 7.8)
9a 377 (dd. J =39, 122) 3.65(dd, J = 6.8, 12.2)

b 3.53(dd. J =59, 12.2) 3.55(dd, J =49, 12.2)
OMe 3.89 (s). 3.80 (s) 3.86 (s), 3.87 (s). 3.89 (s)
COOMe 3.94 (s)
OCOMe —

7.58(d, J =20)

7.68 —7.66 (unres)

7.68 —7.66 (unres)
7.03-6.96 (unres)
7.03-6.96 (unres)
7.03-6.96 (unres)

6.08 (d, J = 6.3)

4.77 (m)

4.29 (dd, J = 4.2, 12.0)
4.09 (dd, J = 6.1, 12.0)
3.80 (s), 3.86 (s)

2.28 (s, phenolic)

2.02 (s, alcoholic)

6.9-7.1 (unres)
6.9-7.1 (unres)
6.9-7.1 (unres)
5.7-6.0 (unres)
5.0-5.5(m)
4.0-4.4 (dd)
4.0-4.4 (dd)

2.2 (s, phenolic)
2.0 (s, alcoholic)

1.97 (s, alcoholic)

All assignments were made by 2D-COSY experiments.
Coupling constant {J) values in Hz in parentheses.
Measured in CD;0D* or CDCls.

FReference values of guaiacylglycerol acetate [17].

Table 2. '3C NMR spectral data of 1-4 (100 MHz,

CD;0D)

1 2 3+ 4
Benzoic acid moiety
1 124.8 126.1 115.6 1138
2 114.3 1144 152.2 158.7
3 148.8 150.4 146.5 119.1
4 154.0 152.0 1227 1269
5 115.8 116.4 120.1 151.3
6 124.9 124.7 125.2 118.8
7 169.6 169.6 173.7 173.1
OMe 56.4 56.7 -
Guaiacylglycerol moiety Glucose moiety
I 1337 102.0 102.4 103.6
2 1.7 74.8 74.3 74.9
¥ 147.2 779 77.0 78.1
4 150.9 71.3 70.8 71.3
5 116.2 78.3 77.6 77.9
6 120.7 62.4 61.9 62.4
7 73.9
8’ 85.9
9 62.0
OMe 56.6

*Measured in CD,0D + H,O (1:1).

Compound 2 was obtained as needles. The UV spec-
trum showed absorption maxima at 233 and 322 nm. The
"H NMR spectrum exhibited three aromatic protons and
an anomeric proton of glucose. The positive ion FAB
mass spectrum of 2 showed a [M + H] " at m/z 317 and
a quasi-aglycone ion at m/z 155. The '"H NMR spectrum
of 2b, obtained by enzymatic hydrolysis, showed the
same pattern as that of 5. The structure of 2 was thus

concluded to be gentisic acid 5-O-p-D-glucoside on the
basis of its '3C NMR spectrum (Table 2) [16].

Compounds 3 and 4 were characterized as pyro-
catechuic acid 3-O-f-D-glucoside (3) and vanillic acid
4-0-f-D-glucosyl (4), respectively, on the bases of UV,
mass, 'H and '*CNMR spectral data and enzymatic
hydrolysis in a manner similar to that described for 2.
Compounds 5-7 isolated from a chloroform extract
were tdentified as vanillic acid (5), pyrocatechuic acid (6)
and gentisic acid (7), respectively, by comparison of
chromatographic behaviour and physical data with those
of authentic samples.

In addition, the «,x-diphenyl-g-picryhydrazyl (DPPH)
radical-scavenging activity of 2, 4—-7 was evaluated by
the Uitiyama method [18]. Compounds 2, 4—6 showed
radical-scavenging activity; § and 6 were more active
than a-tocopherol, a common natural anti-oxidant
(Fig. 1).

EXPERIMENTAL

'HNMR were measured at 400 MHz and '*C NMR
at 100 MHz in CD;0OD. Chemical shifts are given in
o relative to TMS as int. standard. EIMS were obtained
by direct inlet at 70 eV, ion source temp. 200°. Negative
ion FABMS were measured using Xe, the ion gun at 7kV
and glycerol or thioglycerol as matrix.

MeOH solns of samples were injected into an HPLC
instrument fitted with a 250 x 4 mm t.d. Nucleosil 5 C,g
column (Nomura Chemicals Co.). The UV detector was
equipped with a 280 nm filter, 2% HOAc in
H,0 - MeOH (20:3, A) was used as solvent system. The
flow-rate was 1 ml min~! with a pressure drop of 54 kg
cm 2. GC was carried out on an instrument fitted with
a hydrogen FID.
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"
HOCH,
8', — 7 7
THO—“Q'-COOH COOH COOH COOH
7 3 ) {
HOCH e 6 2 OH OH
5 3
4 OMe OR RO
OR
1 2 R Glucose 3 R Glucose 4 R Glucose
5H 6H 7H
[M —-—H,0]* (21), 316 [M — H,0 — Me]* (15), 211
a -Tocopherol
phe [M — CyoH;,05]" (12), 194 [M — C;oH;,06]" (100),
4 168 (29), 153 (59), 151 (26), 137 (35), 93 (31). 'H and
13CNMR data : Tables 1 and 2.
2 Basic hydrolysis of 1. Compound 1 (1 mg) was stirred
s 7 with 0.5 M NaOH (4 ml) at room temp. for 24 hr. The
H reaction mixt. was adjusted to pH 6 with dilute HCl and
i- 5 then extracted with EtOAc. The EtOAc extract was
o washed with H,O and then evapd to dryness in vacuo.
The extract was subjected to CC on silica gel and af-
Control forded 1.
0 20 40 60 80 100 120 Acidic hydrolysis of 1. Compound 1 (1 mg) was refluxed

DPPH radical(%)

Fig. 1. DPPH radical-scavenging effects of 2, 4—7 and a-toco-
pherol.

Material. Plants of B. orientalis were collected near
Ankara in 1990. A voucher specimen is retained in the
Ankara Universitesi Eczacilik Fakiiltesi herbaryumu
(AEF).

Extraction and isolation. Dried fruits (1 kg) were ex-
tracted with petrol and then MeOH. The MeOH extract
was dissolved in H,O and extracted successively with
Et,0, CHCl;, EtOAc, and n-BuOH. The Et,0, CHCl,
and EtOAc extracts (3.7 and 1.1 g) were subjected to CC
over Sephadex LH-20 or silica gel with H,O or CHCl,
and MeOH gradients as solvents. The polar fr. contain-
ing 1 was rechromatographed on silica gel and purified
by rechromatography to give 60 mg of 1.

Threo-guaiacylglycerol-f-vanillic acid ether (1). Amor-
phous powder, mp 85-90°. HR positive ion FABMS
mjz: 387.1058 [M + Na]® C,3H,;,0gNa required
387.10582. Brown colour with FeCl,. TLC [silica gel.
EtOAc-MeCOEt-HCO,H -benzene-H,0
(4:3:1:1:2, upper layer; A)]l, R, 0.83. HPLC (A)
R, = 31.6 min. UV ¥ nm (E): 261 (8190), 286 (6504),
332 (sh), + MeONa : 251 (sh), 283, 320 (sh). Negative ion

FABMS m/z. 363 [M(CsH,008) — H]™, 286
[M—H-77]", 212 [M—151(CgH,05)]", 196
[M—H-167 (CgH,0,)] , 167 [M—H-— 19

(C1oH,,04)]7, 138 [C;Hs05]7, 107 [C3H;05 — CO,].
EIMS m/z (rel. int): 364 [M (C;gH,004)]" (2), 346

with 3% HCI (3 ml) for 2 hr. The reaction mixt. was
extracted with EtOAc. The EtOAc extract was washed
with H,O and then evapd to dryness in vacuo. The
extract was subjected to CC on silica gel and afforded 1.

Acetylation of 1. Compound 1 (5 mg) was treated with
Ac,0 and pyridine. The product was purified by CC on
silica gel to give the peracetylated derivative 1A, mp
58-64°, as a powder. IR vKBrcm ™! : 2924 (CH), 1744
(-COO-), 1602 (C=C), 1512 (aromatic C =C), 1466 (aro-
matic C=C), 1424 (aromatic C=C), 1374 (OMe), 1270
(C-0), 1222, 1032(C-0). 'HNMR : Table 1. EIMS m/z
(rel. int) 490 [M (C,4H,¢0,,)]1" (6), 346 [M —
CH,CO]" (4), 430 [M — MeCOOH]" (2), 344 (5), 253
[M — C,,H,; 501" (20), 195 (16), 193 (22), 178 (22), 168
(20), 153 (42), 151 (14), 43 (100).

Methylation of 1. Compound 1 (1.5 mg) was treated
with excess CH,N, to yield a powder after evapn to
dryness in vacuo. The residue was purified by silica gel
CC to give the methylated derivative 1(1M). Amorphous
powder, mp 46-48°. IR vEBrcm™! : 3460 (OH), 2926
(CH), 1716(C =0), 1599 (aromatic C =C), 1518 (aromatic
C=C), 1467(Me), 1422 (Me), 1266 (C-0), 1026 (C-O).
EIMS m/z (rel. int.): 392 [M (C,oH,,08)]" (7), 361
(M —OMe]* (2), 208 [M—C,,H,,0,]" (2, 167
[CoH,,051" (80), 153 [CsHo043] " (21), 15 [CgH,05]*
(60), 139 [C,H,05]" (54). 'HNMR: Table 1.

Vanillic acid 4-O-B-D-glucoside (3-methoxy 4-glucosyl-
benzoic acid (2). Needles, mp 136—138°. HR positive ion
FABMS m/z: 331.10156 [M + H]", C,,H, 40, required
331.10286. TLC [silica gel, A], R, : 0.51. HPLC (A):
R, = 6.1 min. IR vKBr cm™~1: 3376(OH), 2932(CH), 1702
(C=0), 1604 (aromatic C=C), 1518 (aromatic C=C),
1470 (aromatic C=C), 1276, 1218(C-0O), 1082,
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1030(C-0O). UV insd™ nm (e): 252 (1055), 291(3728), 328
(sh). + MeONa; 244, 284, 318 (sh). Positive ion FABMS
m/z: 353 [M (C4H,4O0g + Na]*. 331 [M + H]", 191
[M + Na]”, 169 [aglycone (CsHgO, + H]*. Negative
ion FABMS m/z: 329 [M (C,,H,;40,) — H]", 315
[aglycone — 1577, 297 [M — 15 — 18], 167 [aglycone
(CgHgO4) — H]*, 153 [A — 15]7. '3C NMR: Table 2.
'HNMR (CD,0D): 67.63 (1H,d, J = 2.0 Hz, phenolic-H
2), 7.60 (1H, dd, J = 2.0, 8.3 Hz, phenolic-H 6), 7.20 (1H,
d, J = 8.3 Hz, phenolic-H 5), 5.02 (1H, d, J = 7.3 Hz, glc
H-), 3.38-3.55 (3H, m, glc H-2,3,4 and H-5), 3.69 (1H, dd,
J =355, 11.7 Hz, glc H-6a), 3.89-3.87 (1H, overlapped
with MeOH).

Pyrocatechuic acid 3-O-B-p-glucoside (2-hydroxy 3-
glucosylbenzoic acid) (3). Needles, mp 129 —131°. HR pos-
itive ion FABMS m/z: 317.08694 [M + H]* (C,3H,,0,),
required 317.08722. TLC [silica gel, A], R;:041. HPLC
(A), R, = 7.9 min. IR v cm ™ ': 3300 (OH), 2924 (CH),
1696, 1666(C = O), 1616 (aromatic C =C), 1582 (aromatic
C=C), 1474, 1416 (aromatic C=C), 1346, 1248 (C-0),
1078, 1022 (C-O). UV iMOH nm (¢): 242 (4797), 308
(2827); + MeONa 240 (sh), 301. positive ion FABMS
m/z: 339[M (C,3H,604) + Na]*, 317 [M + H]",
155[aglycone (C,H4O,) + H]". Negative ion FABMS
mfz.  315[M  (C,3H,40,) — H]™, 153 [aglycone
(C;HgO,4) —H] ™. '3CNMR: Table 2. 'HNMR
(CD;OD): 67.53 (1H, dd, J = 1.5, 8.3 Hz, phenolic-H 6),
7.38 (1H, dd, J = 1.4, 8.3 Hz, phenolic-H 4), 6.90 (1H, t,
J = 8.3 Hz, phenolic-H 5), 498 (1H, d, J = 7.3 Hz, gle
H-1), 3.42-3.60 (3H, m, glc 2,3,4 and H-5), 3.88 (1H, dd,
J = 20,122 Hz, glc H-6a), 3.73 (1H, dd, J = 4.9, 12.2 Hz,
gic H-6b).

Gentisic acid 5-O-f-D-glucoside (2-hydroxy 5-glucosyl-
benzoic acid) (4). Needles, mp 121-123.5°. HR positive
ion FABMS m/z: 317.0887 [M + H]* (C,,H,,0), re-
quired 317.0872. TLC [silica gel, A], R: 0.47. HPLC (A):
R; = 6.3 min. IR vEi; cm ™ *: 3392(OH), 2920 (CH), 1680
(C=0), 1616 (aromatic C=C). 1492 (aromatic C=C),
1454 (aromatic C=C), 1280, 1232 (C-O), 1070, 1042
(C-0). UV m™ nm(e): 233 (6548), 322 (3113);
+ MeONa 231, 312. Positive ion FABMS m/z: 339
[M(C;3H,60) + Na]~, 317 [M + H]*, 155 [aglycone
(C-He¢O4) + H]*. Negative ion FABMS m/z: 315
[M(Ci3H,605) — H]", 153 [aglycone (C;HgO,) —
H]~. '3CNMR: Table 2. EIMS m/z (rel. int.): 154
[aglycone (C;HgO,]"(58), 136 [A — 18]*(100), 108 (28),
80 (31). 'HNMR (CD;ODY): §7.59 (1H, d, J = 2.9 Hz,
phenolic-H 6), 7.29 (1H, dd J = 2.9, 8.8 Hz, phenolic-H 4),
6.85 (1H, d, J =9.3 Hz, phenolic-H 3), 478 (1H, 4,
J =73 Hz, glc H-1), 3.44-3.39 (3H, m, gic H-2,3,4 and
H-5),3.71 (1H, dd, J = 4.2, 11.7 Hz, glc H-6a), 3.88 (1H, d,
J = 12.2 Hz, gic H-6b).

Enzymatic hyarolysis of 2—4. A soln of 2—4 (each ca
2 mg) was treated at room temp. with f-glucosidase for
7 days. The reaction mixt. was extracted with n-BuOH.
The n-BuOH layer was washed with H,O and evapd to
dryness in vacuo to give 5-7. These were identified by
comparison with commercial samples as vanillic (5), py-
rocatechuic (6) and gentisic (7) acids. The H,O layer was

treated in the usual way and then examined by GC [2]. *
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GGC; Rymin): 13.3 and 14.5 (TMSi derivatives of D-glu-
cose).

Vanillic acid (3-methoxy 4-hydroxybenzoic acid) (5).
Needles, mp 158-163.5°. TLC [silica gel, A], R,: 0.93.
HPLC (A): R, = 15.8 min. Negative reaction with FeCl,.
IR vibiem™': 3488(OH), 2952(CH), 1682 (C=0), 1598
(aromatic C=C), 1526 (aromatic C =C), 1436, 1302 (Me),
1286, 1240, 1030 (C-0). Positive ion FABMS m/z: 191
[M(CsHgO, + Na]™, 169 [M + H]*. !3CNMR
(CD;0Dy): 6123.1 (C-1), 1139 (C-2), 148.6 (C-3), 152.6
(C-4), 1159 (C-5), 125.3 (C-6), 170.0 (C-7), 56.4 (OMe).
EIMS m/z (rel.int.): 168 [aglycone (CsHgO,)]* (100), 153
[A — 15]" (67), 125 (18), 97(28). Identified by TLC and
HPLC comparison with an authentic sample.

Pyrocatechuic acid (2,3-dihydroxybenzoic acid) (6).
Needles, mp 171 -176° (decomp). TLC [silica gel, A], R:
0.90. HPLC (A): R, = 16.7 min. Dark green colour with
FeCl;. IR vKBr cm ™ !: 3482 (OH), 1680, 1662 (C=0), 1602
(aromatic C=C), 1479 (aromatic C=C), 1437, 1359,
1302, 1263, 1233, 1158, 1074 (C-0). *3C NMR (CD;0D):
4114.1 (C-1), 151.6 (C-2), 146.7 (C-3), 121.9 (C-4), 119.7
(C-5), 121.5 (C-6), 173.8 (C-7). EIMS m/z (rel. int.): 154
[aglycone (C,H¢O,4)]1" (60), 136 [A — 18]* (100), 108
(47), 80(34). Identified by TLC and HPLC comparison
with an authentic sample.'

Gentisic acid (2,5-dihydroxybenzoic acid) (7). Needles,
mp 201-203°, 208 (decomp). TLC [silica gel, A], R,:
0.91. HPLC (A). R, =113 min. Brown colour with
FeCl,. IR vKBrem™1: 3316 (OH), 2920 (CH), 1671
(C=0), 1617 (aromatic C=C), 1593, 1503 (aromatic
C=C), 1443, 1242, 1206, 1194 (C-O). '*CNMR
(CD30D): 6113.5(C-1), 156.2 (C-2), 118.6 (C-3). 124.7 (C-
4), 150.1 (C-5), 116.0 (C-6), 173.0 (C-7). EIMS m/z (rel.
int.): 154 [aglycone (C;HgO4)]" (58), 136 [A — 18]"
(100), 108 (28), 80 (31). Identified by TLC and HPLC
comparison with an authentic sample.

Antioxidative assay. Each sample (0.025 mM), dis-
solved in EtOH, was added to a reaction mixt. in a vial.
The reaction mixt. consisted of 1 ml of 0.5 mM DPPH (a,
a-diphenyl-B-picrylhydrazyl, Nakarai Co) in EtOH and
2 ml of 0.1 M HOACc buffer (pH 5.5). The vials were
incubated at 37 ° in the dark. After 30 min shaking
incubation, the concentration of DPPH radical was
measured from the A at 517 nm [18].

Acknowledgement—The authors thank Prof Dr Sansei
Nishibe for his support and encouragement in the prep-
aration of this manuscript.

REFERENCES

1. Tanker, M. and Yenen, M. (1978) Ankara Ecz. Fak.
Mec. 8, 1.

2. Tanker, M., Ertan, M., Cogkun, M., Sariseker, N. and
Yurdesin, T. (1983) Doga Bilim Dergisi. Clit 7, 99.

3. Lahlaub, M. F., Gross, G. A., Sticher, O., Winkler, T.
and Schulten, H. R. (1986) Planta Med. 52, 352.

4. Sakushima, A, Cogkun, M., Tanker, M. and Tanker,
N. (1994) Phytochemistry 35, 1981.



10.

11.

Hydroxybenzoic acids from Boreava orientalis

. Katayama, T., Nakatsubo, F. and Higuchi, T. (1980)

Arch Microbiol. 126, 127.

. Katayama, T., Nakatsubo, F. and Higuchi, T. (1981)

Arch Microbiol. 130, 198.

. Wagner, H. (1989) Planta Med 55, 235.
. Polukordas, G., Repchite, M. and Skublitskene, G.

(1966) Farmakol. Toxikol. 29, 594.

. Akojie, F. O. B. and Fung, L. W.-M. (1992) Planta

Med. 58, 317.

Graziano, J. H, Grady, R. W. and Cerami, A. (1974)
J. Pharmacol. Exp. Therap. 190, 570.

K.lick, S. and Herrmann, K. (1987) Phytochemistry
27, 2177.

12

13.

14.

15.

16.
17.

18.

261

Hattori, M., Hada, S., Shu, Y.-Z., Kakiuchi, N. and
Namba, T. (1987) Chem. Pharm. Bull. 35, 668.
Katayama, T., Nakatsubo F. and Higuchi, T. (1981)
Mokuzai Gahkaishi 27, 223.

Miyase, T., Ueno, A., Takizawa, N., Kobayashi, H.
and Oguchi, H. (1987) Chem. Pharm. Bull. 35, 3713.
Yamamoto, A., Nitta, S., Miyase, T., Ueno. A. and
Wu, L.-J. (1992) Phytochemistry 32, 421.

Scott, K. N. (1972) J. Am. Chem. Soc. 94, 8564.
Sano, Y. and Sakakibara, A. (1970) Mokuzai Gah-
kaishi 16, 81.

Uitiyama, M., Suzuki, Y. and Fukuzawa, K. (1992)
Yakugaku Zasshi 88, 678.



