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1. Introduction

In the course of the investigation of the extractives of keyamahan-no-ki Alnus
hirsuta, ten phenolic compounds were isolated from the ethanol extracts of the
wood. Five of them had already been reported to date and they were identified
with three diarylheptanoids [1, 7-di-(p-hydroxyphenyl)-heptan-3, 5-diol I (E-3), 1, 7-
di-(p-hydroxyphenyl)-heptan-3-one-5-0l II (E-4), trideoxyasadanin-8-ene XIII (E-1)],
B-guaiacylethyl ferulate XVIII (E-2) and vanillic acid, respectively.

In further scrutiny of the extractives from the same source, four phenolic
compounds had further been isolated. One of them (E-9) was diarylheptanoid with
an acyclic structure, and other two compounds (E-5 and -7) had a cyclic carbon
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skeleton. The residual compound (E-6) was related to diarylheptanoid.

In this paper, it is described the chemical structure for these four compounds.
Also, the chemical features of diarylheptanoids in Betulaceae had briefly been dis-
cussed.

2. Experimental

All chromatographic and spectroscopic procedures in this work were succeeded
in accordance with previous paper?. Also, melting points were not corrected. The
materials in each fraction were monitored by TLC with the solvent system of
toluene : ethyl formate : formic acid (5:4:1) as mobile phase. 'H-NMR spectra
obtained with JNM-FX 200 FT NMR spectrometer. The following abbreviations
were used for the presentation of NMR data : d=doublet, m =multiplet, s=singlet
and t=triplet. Acetylation of compounds E-5, -7 and -9 were usually carried out
with acetic anhydride and dry pyridine.

2.1. Isolation of Compound III (E-9)

The 5% KOH soluble fraction {ca. 5g) was chromatographed on a silica gel
column (3.8 X70.0 cm) using benzene : acetone (20:1-5:1) as elution solvent, and
fractions of 950 X 30 m¢ (No. 1-950) were obtained. Fractions No. 773-812 were
combined and concentrated. A crude material obtained was purified with benzene :
acetone (1:1) to give a colorless oily state substance (12 mg).

Compound E-9 was positive to diazotized sulfanillic acid (DSA) and ferric
chloride, and was negative to 2, 4-dinitrophenylhydrazine (2, 4-DNPH) and qui-
nonemonochlorimide (QMCI), respectively. UV 5% nm : 225, 280, UV 2E!9H-0.1NNaOH
nm : 235, 287, 302. IR vEE: cm™!: 3383, 3183, 1608, 1600, 1507, 1450, 1285, 1230,
1090, 910, 815. MS m/z: 300.1724 (M*), 282(M-18), 133, 120, 107 (base ion).
Anal. Calcd. for C,,H; O;: C 76.00, H 8.00%. Found: C 75.92, H 7.90%.

By acetylation, E-9 (10 mg) gave triacetate (10 mg, oily). [a]4=+6.10° (c=1.23
in MeOH). 'H-NMR (1.43% in CDCl,) 6: 1.30-1.90 (8H, m), 2.00 (3H, s), 2.25 (6H,
s), 2.45-2.80 (4H, m), 4.80-5.00 (1H, m), 6.96 (2H, d, =8 Hz), 7.15(2H, d, J=8 Hz).

2.2, Isolation of Compound XVII (E-6)

Fractions No. 5-41 was collected and evaporated. A crude solid was recrys-
tallized with benzene to give a pale yellowish needles (140 mg). m.p. 203-206°C.
It gave positive color test to DSA, ferric chloride and 2, 4-DNPH, and was nega-
tive to QMCI. UV £ nm : 206, 346, UV AEOH-0.1NNaOH ppy, » 273, 422, IR oEBT
cm™!: 3260, 2960, 1640, 1580, 1500, 1200, 975, 870, 830, 810. MS m/z: 292.1098
(M*, base ion), 264 (M-CO), 186, 144, 115. 'H-NMR (0.9% in 1, 4-dioxane-dj)
&: 2.47 (1H, broad s), 2.61 (2H, m), 2.99 (2H, t, J=6 Hz), 5.98-6.02 (2H, m), 2.61
(2H, s, d, J=10 Hz, overlapped), 6.42(1H, d, J=10 Hz), 6.21 (1H, d, J=8 Hz), 6.81
(1H, d, J=8Hz), 7.06 (2H, d, J=8 Hz), 7.23(2H, d, J=8 Hz). Anal. Calcd. for
CisH;6Os: C 78.08, H 5.48%. Found: C 78.06, H 5.52%.

E-6 (10 mg) and anhydrous sodium aetate (20 mg) in 1 m¢ of acetic anhydride
were heated on a water bath at 80°C for one hour. The raction product was
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poured into ice water and the resulting precipitate was collected. Purification: with
509 EtOH gave monoacetate of colorless plates (11 mg), m. p. 120°C. IR »¥2 cm™!:
1760, 1655, 1590, 1500, 1365, 1210. MS m/z: 334 (M*), 292 (M-42, base ion),
264, 186, 144, 115. 'H-NMR (1.42% in CDCly) §: 2.40(3H, s), 2.66 (2H, m), 3.05
(2H, t, J=6 Hz). 6.02-6.10 (2H, m), 6.44 (1H, m), 6.82-6.83 (1H, m), 7.00-7.09 (3H,
m), 7.19-7.26 (1H, m). Anal. Calcd. for C;H,i0,: C 75.43, H 7.43%. Found: C
75.24, H 5.58%.

2.3. Isolation of Compound XI (E-5)

In the previous paper?, it has been mentioned that compounds XIII (E-1) and
XVIII (E-2) were isolated from the 10% sodium carbonate soluble fraction using
cellolose column chromatography. After the separation of these compounds, the
residual solution was concentrated to give a syrup (ca. 5g). The syrup was chro-
matographed on a silica gel column (3.8 X70.7 ¢cm), eluting with benzene : acetone
(20:1-5:1) as elution solvent, and then 850x30m¢ of fractions were obtained.
Fractions No. 340-600 were combined and a crude material was obtained after the
removal of the solvent. Several recrstallization with 709 EtOH gave a colorless
needles (ca. 100 mg, E-5), m. p.>300°C. E-5 was positive to DAS and ferric chlo-
ride, and was negative to 2,4-DNPH and QMCI, respectively. UV i5%" nm:
255, 260, 303. UV fEIOH-0.1NN2OH nm » 262, 305, 334. IR »Eiicm™: 3420, 3140,
1610, 1580, 1500, 1435, 1435, 1405, 1370, 1230, 930, 800. MS m/z: 314 (M™), 296
(M-18), 278 (M-36), 260, 255, 225, 211 (base ion), 197, 183, 165. Anal. Calcd. for
C;HsO,: C 7259, H 7.05%. Found: C 72.96, H 7.08%;. Acetylation of E-5 (10
mg) gave an amorphous tetraacetate (11 mg). 'H-NMR (0.9% in CDCly) 4: 1.85-
1.97 (6H, m), 2.01 (6H, s), 2.44 (6H, s), 2.57-2.75 (4H, m), 4.95 (2H, m), 7.11-7.28 (6H,

m).
2.4. Isolation of Compound XII (E-T7)

Eluate No. 74-205 from the same column was combined, and then the solvent
was removed to give a crude solid which gave a colorless needles after several
recrystallization with benzene:acetone (1:1) (ca. 300 mg, E-7), m.p. 190-192°C.
E-7 was positive to DSA, ferric chloride and 2,4-DNPH, and was negative to
OMCIL. UV &% nm: 253, 303. UV EPH-0.NNOH np 263, 332. IR vEBI em~1:
3400, 3120, 1700, 1610, 1580, 1500, 1410, 1250, 1095, 810. MS m/z: 312.1395 (M™),
294 (M-18), 225, 221 (base ion), 197, 183, 165. Anal. Caled. for CoHyO, : C 73.16,
H 6.45%. Found: C 73.95, H 6.59%.

Acetylation of E-7 (10 mg) gave an amorphous triacetate (8 mg). 'H-NMR
(0.52% in CDCly) 6: 1.97-2.11(2H, m), 2.17(3H, s), 2.20(6H, s), 2.68-3.15 (8H, m),
4.80 (1H, m), 6.96-7.26 (6H, m).

3. Results and Discussion

Four compounds E-5, -6, -7 and -9 were isolated from the acidic fraction of
the ether solubles. It had already been reported that phenolics obtained from wood
of A. hirsuta could be classified into three groups (A. B and C) considering the
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features of their chemical properties and the results of UV and MS spectra?.

The physicochemical properties of the newly isolated four compounds (E-5,
-6, -7 and -9) were shown in Table 1 together with those of the previously isolated
four compounds (E-1, -2, -3 and -4).

Table 1. Physicochemical properties of the Extractives
of Alnus hirsuta

B-1 B2 E-3 5 E5 T-6. 7 E-9
(XIII) (XVIII) () (I1) XI) . (XVII) (XII) (I1I)
Melting point °C | 238-341 194-195 165-166 131-132 >300 203-206  190-102 oily
Color reaction
FeCl; + + + + + + + +
i tual B S
2, 4-
dinitrophenyl- + —+ -~ + - + + _
hydrazine
quinonemono- _ _ _ _ _ _ _
chlorimide -
UV spectrum
Amax nm 297 329 279.5 280 303 346 303 280
IR spectrum
vc=0 cm-! 1675 1700 1690 1640 1700
Mass spectrum
M+ m/z 294 344 316 314 314 292 312 300
base ion m/z 211 137 107 107 211 292 211 107
Molecular formula C19H1303 CmHmOs C19H2404 C19H2204 c;gHggO4 C19H1503 ClgHgo04 C19H2403
Group B C A A B C B A

-+ : positive, — ; negative

3.1. 1,7-di-(p-hydroxyphenyl)-heptan-3-ol III (E-9)

Compound E-9 is positive to ferric chloride and DSA, and is negative to 2, 4-
DNPH and QMCI, respectively. The formula C;gH,O; for this compound (M :
m/z 300.1724) is given by the results of the high resolution mass spectrum and the
elemental analysis. The ion peak at m/z 107 is assigned to «CH;-Ar(OH) which
is characteristic of an acyclic structure for diarylheptanoid such as hannokinol I
and hannokinin II. Other rmarkable peaks at m/z 133 and 120 are originated from
the ions of CHy-CH=CH-Ar(OH)1* and CH,=CH-Ar(OH)1"*, respectively. (Fig. 1).

Acetylation of E-9 gave triacetate, [a]5=+6.10°. Two singlets at § 2.00 and
2.27 in the 'H-NMR spectrum show the presence of an alcoholic and two phenolic
acetoxyl groups (Fig. 2). Also, two doublets at § 6.96 and 7.15 are derived from
two p-hydroxyphenyl groups (AA'BB’ system) and the multiplet at 1.30-1.90 region
correponds to four methylene groups on the side chain. On the other hand, the
multiplet at § 2.45-2.80 is due to four benzylic protons and the complicated signal
at & 4.99 is assigned to a proton at C, position on the side chain.

The results of color reactions and spectroscopies support that E-9 is to be
1, 7-di-(p-hydroxyphenyl)-heptan-3-0ol IIl and could be classified into group A.



Diarylheptanoids of Alnus hirsuta (Betulaceae) (SASAYA) 195

*CHap/z 107
©

m/z 129

HO(O)CH:CHy

m/# 133

pa(:)cmcu-crig

T T
50 100 150-.

HO
m/z 282
M- A oA SR
' lﬂzo : i.M*'m/z 300
T T T y T T T g Y T T T ™71
200 250 300 'z

Fig. 1. Mass spectrum of E-9.
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Fig. 2. H-NMR spectrum of E-9 triacetate.

Earlier, this compound has been isolated from the heartwood of Centrolobium
robstum and C. tomentosum (Legminosae) designated as (+)-centrolobol which the
optical rotation of its triacetate was [a]5=18.3°%.

3.2. Compound XI (E-5) and XII (E-7) ’
Compound E-5 which is classified into group B is negative to 2, 4-DNPH and
OMCI reactions. The formula C;yHyuO, for E-5 (M* : m/z 314) has been determined
by the results of the elemental analysis and mass spectrum. In the mass spectrum,
the prominent ion peak exhibits at m/z 211 (base ion) due to a biphenyl moiety
as the partial structure established in the case of compound E-1?. Two characteri-
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stic jon peaks at m/z 296 and 278 correspond to the M-18 and M-36 fragment
ion peaks by release of water, respectively. (Fig. 3). Other fragmentation pattern
is very similar to that of compound E-1.

Ll . r » L - 'l et sy & S all -
50 100 150
Go SHo -
OO o
M~ -
rzam m/z278 miz 286 L
| Lt j' J.
T T T 23 T T T T T T T T T
200 250 300 m/z 350

Pig. 3. Mass spectrum of E-5.

A ’ T™MS

AcO OAc

?\3'5 MA\M_.«JL

T T T T T T T T

8 7 6 5 4 3 2 lppm O
Fig. 4. 1H-NMR spectrum of E-5 tetraacetate.

Two singlets at 8 2.01 and 2.24 in the 'H-NMR spectrum of E-5 tetraacetate
indicate the presence of two alcoholic and two pehnolic hydroxyl groups in the
structure. The multiplet at 8 4.95 is attributable to protons at C; and C;. Also,
two multiplets at § 1.85-1.97 and 2.57-2.75 are assigned to three methylene groups
on the side chain and four benzylic protons, respectively. Furthermore, the color
test with QMCI indicates non-hydroxylation at the benzylic position. These findings
support that E-5 has the structure XL

E-7 is positive to 2, 4-DNPH and is negative to QMCI, respectively. This
indicates the existence of a carbonyl group in that structure which is further sup-
ported by adsorption band at 1700 cm™ in the IR spectrum. On the other hand,
the color reaction with QMCI indicates that this compound is not hydroxylation
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at benzylic position such as E-5. The formula C,HyH, for E-7 (M* : m/z 312.1395)
is given by the results of the high resolution mass spectrum and the elemental an-
alysis. The conspicuous jon peaks at m/z 294 and 211 (base ion) are originated
from M-18 and a biphenyl mojety, respectively. The features of other fragment
ion peaks agreed very closely with that of E-5 (Fig. 5).

Ll F P TS § ) S Y Y ) by,
1 L}

L4 L4 | L L] T l. L BN § LI i
50 100 150
¢ Chp .
QO * o |
[
0 OH *
M-18 (©O)<0)
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| A L
T T T T T T T T T T T 7 T T
200 250 300 mrz 350

Fig. 5. Mass spectrum of E-7,
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Fig. 6. 'H-NMR spectrum of E-7 triacetate.

Two singlets at § 2.17 and 2.20 in the 'H-NMR spectrum of E-7 triacetate
are due to an alcoholic and two phenolic acetoxyl groups. Furthermore, the multi-
plet at ¢ 4.80 is shown to arise from a proton at C; position on the side chain.
(Fig. 6). It is supported from the results of color reactions and spectroscopies that
E-7 has the structure XII and is classified into group B.

The physicochemical features of those two compounds E-5 and E-7 coincide
evidently with those of alnusdiol and alnusonol from the wood of A. japonica®*®.

3.3. Compound XVII (E-6)
Compound E-6 (M*: 292.1098 ; group C) has the formula C,H,(0,, which is
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determined by the results of the high resolution mass spectrum and the elemantal
analysis. Also, this compound is positive to 2, 4-DNPH, and is negative to QMCI],
respectively. On the other hand, the absorption maxima in the UV and IR spectra
of E-6 reveal at 346 nm and 1640cm~% This facts suggest the occurrence of
conjugated carbonyl group and the lack of hydroxylation at benzyl position in that
structure. Moreover, an absorption band at 810 cm~' indicates that E-6 has a
1, 4-substituted phenyl moiety as the partial structure:

The mass spectrum of this compound exhibits the parent ion peak at m/z 292
which also is a base ion peak. The prominent ion peak at m/z 186 may be caused
by release of carbonyl group from M, followed by elimination of a fragment of
m/z 78 (CgHy++H). On the other hand, the ion peak at m/z 144 is derived from
the ion peak at m/z 264 (M-CO) which involves fission of m/z 117 fragment by
RDA. Furthermore, the ion peak at m/z 115 arises from the ion m/z 264 by
elimination of a fragment m/z 121, followed by release of m/z 26 fragment. (Fig. 7).

*
BRI o@F™
»
m/z 115 m/z 144 m/z 186

50 100
HO@PYY - | H@° Y
5 10
n/z 264 '
» L
¥ T ¥ T T T A T T T T T
200 : 250 300 n z 350

Fig. 7. Mass spectrum of E-6.

The 'H-NMR spectrum’ of E-6 in 1, 4-dioxane-ds shows a complicated signal
at § 2.47 and a triplet at 6 2.61 (J=6 Hz) which are caused by two methylene
groups at C; and C; positions. The conspicuous singlet at § 6.12 overlapping the
ion peak of phenyl proton is attributed to a proton at C; position. Other two
doublets at § 7.06 (J=8 Hz) and 7.23 (J=8 Hz) are originated from the protons of
B-ring (Hy 5 and Hy ¢ : AA'BB system). The multiplet at § 5.89-6.02 in downfield
may be due to the protons at C; and C, positions. The doublets at § 6.61 (J=ca.
8 Hz) and 6.81 (J=ca. 8 Hz) resulting from ortho coupling to each other may
presumably be arised from the protons on tetrahydronaphthalene moiety. (Fig. 8).

By acetylattion of E-6 gave monoacetate. The molecular ion peak in the mass
spectrum of this acetate appeared at m/z 334 and the base ion peak at m/z 292
(M-42). The later may be formed by elimination of an acetyl group from M*. In
the 'H-NMR spectrum of E-6 monoacetate, the singlet at 3 2.40 corresponds to
a phenolic acetoxyl group. Two multiplets at § 2.62-2.80 and 2.97-3.05 are assigned
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Fig. 8. H-NMR spectrum of E-6 in 1, 4-dioxane-ds.
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Fig. 9. 'H-NMR spectrum of E-6 monoacetate.

to methylene groups (H; and Hy). (Fig. 9.

These findings of the color reactions and physicochemical properties support
that E-6 has the structure XVII. This compound has a tetrahydronaphthoflavone
structure as a basic carbon skeleton and has not been reported as yet. Consider-
ing the biogenesis of 9 phenylperinaphthenone proposed by Epwarps et al.®, com-
pound E-6 may also be formed by elimination of an actate carbonyl group from
two cinnamate units and an acetate unit during biosynthesis.



Table 2. Diarylheptanoids and related compounds in Betulaceae
Group A Group B Group C
I 1 wv v VI Vil vl IX X XI XII XIII XIV XV XVI |XVII XVIIT XIX

Betuleae
Alnus

A. hirsuta wood X X X X X X X

green bark X X

A. japonica wood X X X X X X

A. rubra wood X

A, fruticosa leaves X

A. mandshurica leaves X

A. firma buds X X X
Betula

B. platyphylia

green bark X

Coryleae
Ostrya

O. japonica wood X X
Carpinus

C. lazifiora wood X

C. japonica wood X*

C. tschonoskii wood b

X : isolated, *: detected on TLC

1 "ON ‘Gb 'TOA $isa10J juomizedxy aBe[[o) ayl jo sune[ng YoIessay
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All of compounds III, XI, XII and XVII obtained from the wood of A. hirsuta
are diarylheptanoids with C,-C,-Cs carbon skeleton, and compound XVII may also
be derived via the acyclic precoursor having above carbon skeleton.

Group A: Acyclic Structure

HO_~ R . QAR o
3 5
1
Ri R Rp Ry R{ R2 RHO ORR
I. R;=0H, R,=H, OH II. R;=0H,R;=R3=0H V. R=O0H, hirsutenone
E-3 (hannokinol) E—4 (hannokinin) VIL. R=H

111 R|=OH, R2=Hz, E-9

(4 )-centrolobol

VIIIL. Rl = H, Rz = Hg

VL

IX.

IVv.

platyphyllonol
R1=RZ=OH, R3=H
hirsutanonol
R1=R;=0H, Rz=xylosyl
oregonin

R;=R;=Rs=H, 41.2
yashabushi ketol

X. R;=R2=R3=H
dihydroyashabushi ketol
Group B: Cyeclic Structure
(o]
HO OH 0 OH . R Ry
O & oy
XI. E-5, alnusdiol  XII. E-7, alnusonol XIII. R=;R;=H,, E-1 XIV. alnusone
XVI. R;=R;=H, OH XV, Clll=epoxy

C8=H, OH, asadanin

Group C: Others

Ry 0 R2
Ry @-CH:CH—C-O-CHZ-CHZ Ry

R;=0H, R;=0OMe

E-2 (hannoki ester)

XIX. R;=R;=H

B-phenylethyl cinnamate

E-6 XVIIL

XVIL

The occurrence of diarylheptanoids and related compounds in Betulaceae is
shown in Table 2.

This information indicates that the open chain diarylheptanoids hannokinol
I and hannokinin II with monohydroxylated phenyl moiety as the pendant group in
the wood of A. hirsuta coexist with the corresponding m, m’-bridged compounds
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XI and XII, which would clearly be formed from an acyclic material via oxidative
coupling catalyzed by peroxidase. However, those of the green bark in the same
tree have o-dihydroxyphenyl moiety, IV and V®. Therefore hannokinin II and
hirsutanonol IV appear to have an alternative biogentic process in xylem and
phloem to each other. On the other hand, a compound with o-dihydroxyphenyl
group VI (oregonin) has been isolated from the wood of red alder A. rubra as
xyloside. - KARCHESY et al. has pointed out that oregonin is involved in the
formation of red-orange chromophores, perhaps by peroxidase catalysis”.

Both types of the open chian and meta-bridged structure could be found in
xylem of A. hirsuta and these compounds also have monohydroxylated phenyl
group as the partial structure. This is similary mentioned for the extractives from
the wood of hannoki A. japonica®*®. The constituents in the organs other than
wood such as buds and leaves, on the contrary, merely are comprised of those
with an acyclic carbon skeleton. The substaces from the green bark of A. hirsuta
have o-dihydroxyphenyl group. It is interesting that those of the organ other
than wood in A. firma, A. fruticosa and A. mandshurica are not subjected to
hydroxylation on phenyl group. The buds of A. firma contain yashabushi ketol
IX and dihydroyashabushi ketol X?. On the other hand, the leaves of A. fruitcosa
and A, mandshurica have compound VIII?, These substances have all open chain
structure. Such phenomenone has also been observed in compounds other than
diarylheptanoid. p-Phenylethyl cinnamate XIX from the buds of A. firma has
merely phenyl pendant group, wherease the corresponding hannoki ester XVIII is
subjected to hydroxylation and methoxylation on phenyl group?®.

As shown in Table 2, diarylheptanoids are widely distributed over the genera
in the same family. Therefore, the occurrence of these compounds appears to be
a characteristic feature of Betulaceae. ,

Betulaceae has generally been divided into two tribus Betuleae and Coryleae.
The former includes two genera Alnus and Betula, on the other hand the latter
comprises of four genera Carpinus, Corylus, Ostrya and Ostryopsis®. The green
bark of shirakanba Betula platyphylla which is grouped into Betuleae likewise
Alnus contain a phenolic platyphyllonol® and this compound has an acyclic structure
in agreement with hannokinin II. The main constituents of the wood extractives
of asada Ostrya japonica (Coryleae) are asadanin XVI and its homologous having
the m, m’-bridged structure and the open chain compounds are not found to date™®.
Recently some phenolics have been isolated from the wood of akashide Carpinus
laxiflora (Coryleae) and one of them has the cyclic structure. The physicochemical
natures of this compound is in excellent agreement with those of compound XIII
(E-1)**, Furthermore, this substance could be found in the extractives from the
woods of kumashide C. japonica and inushide C. tshonoskii on TLC. This pecu-
liarity of structure and substituent groups for the extractives could be detected
among species and beyond genera in Betulaceae.
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4. Conclusion

It has become apparent that diarylheptanoids are the characteristic substances
in Alnus species and are widespread in the genera in Betulaeceae. Furthermore,
both of the open chain and m, m’-bridged structures with monohydroxylated phenyl
group occur in the wood of A. hirsuta and A. japonica. On the other hand, those
in the green bark of A. hirsuta could be found to be an acyclic compound having
o-dihydroxylated phenyl group as the partial structure. The behaviours of hydro-
xylation between each organ seem to interpret that an alternative biogenetic process
on the formation of those compounds exist in tree.

These compounds could also be found in the genera Betula, Carpinus and
Ostrya in the same family. The green bark of Betula platyphylla (Betuleae)
contains merely the acyclic substance, but the wood of Carpinus laxiflora and
Ostrya japonoca (Coryleae) has only the cyclic componds.

Consequently, it is very interesting with regard to chemotaxonomy that the
occurrence of diarylheptanoids in Betulaceae plays a role of taxonomic marker,
although the extractives of the tribus Coryleae, except the genus Ostrya, has
not be satisfactorily investigated.
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Y=<~/ ¥ Alnus hirsuta Turcz # D7 L2 — LEIBOBRBEL T, o 4B
7 = / — AR5 TL(E-9), XI(E-5), XII(E-7) s L 08 XVII(E-6) & B 7=, BEeE L3
DALE4 1(E-3), II(E-4) 3 X0 XIEE-1) LR ST Y A~F 2/ 1 FORBEHETS, 20
HEERLDEHINI 7 A — T AR, XIkIO Xz Z/r—7Biz, XVIz 74—
7CRGEEN D,

ChoDLEHE L0 ZOFRGORERE, TEIFKIVARI trAa—-DER
X b, {t&4% E-9i2 1, 7-di-(p-hydroxyphenyl)-heptan-3-ot (I, {t44 E-5 %5 L o8 E-7 134 4
BEXRXIBIO XD LAB L, —7, {LA% E-6 3% R XVII L #EXh, XAFHK
tetrahydronaphthoflavone B 48 L, Z D{b&HOHRIIELEB LR TR,

WERA AW TR X O XIT AT ) AT 5 ) 1 Fi LOBIEHBETH S,
{44 IILiX open chain ## (acyclic) #K T3, —7F, L&t Xl X o8 XMk m, m’-bridged
BE (cyclic) 2B L, ZhicH¥M4$% acyclic DB I Lo Il & R Bo i EXEkR S
5, Fi, LAY XVILiZsi ) H#CBIE LT3, Lachanthes tinctoria OfH 5151
9-phenylperinaphthenone & LU L e SROBRELE UL D EHEIN B,

7 ¥ =~ /7 % H#iZ monohydroxylated ¥ acyclic ¥ X O cyclic O # 1 TORS
BRET S, ChERBRBRIZ~ v % A japonica MO STV A~T 27 4 FIRONWT D B,
bhbd, LaL, B—BECLMANRLDE, iy ¥~ v/ +0 green bark 12 ortho-
dihydroxylated #: V 2'8lbh 5, OB TR ECBRFOTIBD OIS, Yot 7o
A. firma @ buds ® A. fruticosa 3 X 0% A. mandshurica o leaves Tit KBEEBR A A Ui
7 = = AR L ORS (X, X3 X0V VI 2435, ML OB Citeyclic #E D0 RA1T%
KRBR T, STIANTE 7 4 FUADORFDOWTHEBRGT ORI BERMN Y, v <
~v7FH XVID ¥ o 7o buds (XIX) WEEIH S,

COBDILAME v /7 * BTl Betulaceae D& Ric hic»> TRHBRD, ~v
7 % & LR U tribus Betuleae ic A % X7 % B O Betula plathyphylla @ green bark 1 {1t &
¥ 11 & F#RD acyclic monohydroxylated i#3#5 % % +> plathyphyllonol #4573 5 3, cyclic B4
DRGT DIMRABB LR Tu s,

—75, tribus Coryleae th> 7 & Ostrya japonica >4 %8B0 7t m, m’-bridged 5%
@ asadanin (XVI) & X 02 DFE K% &8T5 2%, open chain MEDORS DHELEDME # BT
Wigvs, MU Coryleae B35 7 =~ FBD 7 5 »F Carpinus laxiflora # X b 8- B2 4k
&% XII(E-1) LRI hiz, TORSL 2 <+ C. japonica 3 L 04 R o5 C. tshnoshii #F
DM LEET 5HN TLC L CHAI R, L, BEE R 7H 82 FlHg, acyclic
S HEM T AR 2B T,
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IRBDOSTVANTZ A Fidh-~7 FRoBEMN, F—-#EctReaBuMIbIC
BRI - THRRICHEET S, BLBENLECHLITRE, tribus Btk wThohb
DitE&ML 1 o0 taxonomic marker & LT OBRE L ETAENTEI B EHEINS,



