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Introduction

It is well known that the wood of the alder discolors quickly to reddish
brown or orange-brown when the tree is felled. The red staining substance in
red alder Alnus rubra Bong. has long been a source of trouble in the production
of lumber in the Pacific Northwest region of the United States of America. The
wood of Alnus hirsuta TurRcz. (Betulaceae, Japanese ‘name “Keyamahannoki”)
is light colored when freshly cut, but rapidly turns brown or reddish brown.
On this phenomenone, Kurth, E. F. has pointed out that the red coloring matter
was mainly phenolic xyloside in the wood’.

A study of the relevant literature has revealed that previous work has not
been done on the constituents of the wood of Keyamahannoki Alnus hirsuta
Turcz., but that the extractives from the bark of grey alder A. incana L., black
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alder A. glutinosa L., green alder A. viridis and red alder A. rubra BonG.
have been investigated”. Recently, Asakawa, M. has obtained yashabushiketol,
dihydroyashabushiketol and B-phenylethyl cinnamate from the buds of A. firma
SiEB. et Zucc.?, and diarylheptanoid 1, 7-diphenylheptane-3, 5-diol was isolated by
Uvarova, N. L et al. from the leaves of A. fruticosa and A. manshurica®. In
the progress of our study, TERAzAWA, M. et al. reported that a compound with
diarylheptanoid structure was isolated from the inner bark of Keyamahannoki A.
hirsuta, and they proposed the name hirsutanonol, 1, 7-di-(3, 4-dihydroxyphenyl)-
3-one-5-0l".

The purpose of this investigation is to determine the chemical nature and
its structure of phenolic compounds in the wood of Keyamahannoki A. hirsuta.
As the result, nine crstalline substances and vanillic acid were isolated from the -
ether soluble fraction of alcoholic extracts from the wood. In addition, syringic
acid was confirmed in thin layer chromatography. Since the chemical nature of
three of nine compounds (the named tentatively E~1 to E-9) is yet unknown in
the literature, we proposed the name hannoki ester, hannokinol and hannoikinin
for compounds E-2, E-3 and E-4. A chemical feature of the other three com-
pounds (E-1, E-7 and E-8) was similar to that of asadanin homologous, which
was isolated by YAsue, M. from the wood of Asada Ostrya japonica®, and had
the structure of m, m’-bridged biphenyl. The above compound (E-2) was a new
ester as we have stated in a preliminary report®.

In this paper, three substances E-1, E-3, E-4 and further work on E-2 have
now been referred to its chemical structure, and the remaining compounds will
be described in a later paper.

Results and Discussion

Ten kilograms of air-dried wood meal were percolated with 95% ethanol
and the extract yielded about 3.6% on oven-dried wood. An ethanolic extract
was successively extracted by light petroleum ether, ethyl ether and ethyl acetate,
and the fractions obtained were ca. 0.4%, 0.6% and 1.5% on oven-dried wood,
respectively. Using a solution of saturated sodium bicarbonate, 10% sodium
carbonate and 5% potassium hydroxide, the ether soluble portion was divided
into acidic fractions and a neutral fraction. The acidic fractions obtained were
32.0g, 22.6g and 6.8g from sixty five grams of ether soluble fraction, and was
3.0 g for the neutral fraction.

Nine compounds (E-1 to E-9) and vanillic acid were isolated from the acidic
fraction of the ether soluble portion. The substances of the E-series are positive
to diazotized reagents, e.g. of sulfanillic acid and benzidine, and ferric chloride.
In the ultra violet absorption spectrum, the B-band of these compounds in
a neutral medium is shifted to the long wave region on the addition of an alkali.
All of these substances display the nature of phenols from the results of color
reactions and spectral features.

Considering the data of UV, IR and MS spectra, the nine compounds of the
E-series may be collected roughly into three groups. Group I, which contains
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E-3, E-4 and E-9, have commonly the UV absorption maximum at 280 my area
due to benzenoid nuclei, indicate the IR absorption band at 840~800 cm™!
attributed to a 1, 4-substituted aromatic ring. On degradation with potassium
permanganate, the methylated substances of E-3 and E-4 yield p-anisic acid.
The MS spectrum of the above compound reveals the presence of a prominant
ion peak at m/e 107 (base ion peak) due to (HO)Ar-CH,-)". It is suggested that
these compounds contain p-hydroxyphenyl nuclei as the partial structure.

Group 1I consists of E-1, E-5, E-7 and E-8. They have a UV absorption
maximum at 300~310 mg. Their behaviour in alkaline medium and its differ-
ential curve are similar to that of asadanin and its related compounds from the
wood of Asada Ostrya japonica. On degradation with potassium permanganate,
the methylated materials of group II gave a reactant with biphenyl nuclei, namely
2, 2'-dimethoxy-5, 5’-dicarboxybiphenyl. The MS spectra of E-1 and E-7 indicate
a prominant ion peak at m/e 211 originated in biphenyl nuclei. Therefore, com-
pounds belonging to group II appear to contain biphenyl moiety in the structure.
This suggestion also supports their solubility in alkali solutions. When the ether
soluble fraction was treated with alkali, E-3 and E-4 are mainly fractionated by
5% potassium hydroxide, while compounds of Group II were dissolved in 10%
sodium carbonate. The acidity of E-1, therefore, is higher than that of E-3.
YAsug, M. has pointed out that the pK values of asadanin (XI) were pK, 8.9 and
pK; 13.0, and pK; was considerably lower than the common phenols {(e.g. phenol
pK 10.00 ; p-cresol pK 10.17)®. It appears to be proof that one of two hydroxyl
groups on bipheny! nuclei of asadanin was firmly linked to the oxgen atom of
another hydroxyl group through the hydrogen bond, and in consequence a hydro-
gen atom, which was not involved in the hydrogen bond, was easely subjected
to dissociation.

Group III contains the remaining materials E-2 and E-6.

Trideoxysasadanin-8-ene (E-1) (I)

Compound I, one of group II, mp 238~241°C, C,H;;O; (m/e 294 M*), is
positive to diazo-reagents and ferric chloride, but negative to quinone mono-
chlorimide and magnesium-hydrochloric acid test. It gave a diacetate (Ia) with
acetic anhydride and pyridine, and dimethyl ether (Ib) by dimethyl sulphate.
The UV spectrum of compound I has absorption maxima at 216 and 297 my, and
the latter maximum shifts toward 327 mg adding alkali. Its behaviour in alkaline
medium and its differential curve is very similar to that of asadanin and its
related compounds. The IR spectrum of E-1 shows absorption - maxima at 3,270
cm™! originated in phenolic hydroxyl group, 1,675 cm™ due to a, f-unsaturated
carbonyl group, 1,615 cm™* attributed to an olefinic double bond, 1,600 and 1,500
cm™' derived from phenyl group. This suggested the presenc of an «, f-unsatu-
rated ketone which did not conjugated to hydroxyphenyl nuclei (Figs. 1 and 2).

On the oxidation of methyl ether (Ib) with potassiurn permanganate, com-
pound Ib gave a 2, 2:dimethoxy-5, 5’-dicarboxybiphenyl, which ‘was identified with
an authentic specimen on TLC.
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From these results, one of the three oxygen atoms in the structure must be
placed in side chain and the remaining oxygen atoms consisted of two hydroxyl
groups on biphenyl moiety. Also compound I absorbs a mole of hydrogen by
catalytic reduction with Pd-C. This supports from the result of IR spectrum of
the reactant, namely an absorption maximum at 1,615 cm™ (E-I) disappeared and
a carbonyl band at 1,675 cm™! shifted at 1,690 cm™'. It indicates that an olefinic
double bond was saturated. This reduction product was identified with trideoxy-
asadanin, which was yielded by the clemmensen reduction of asadanin, on TLC
and the mixed melting point.

The NMR spectrum of Ia in denterochloroform reveals signals at 2.90 (1H,
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Fig. 4. Mass spectrum of E-1 (trideoxyasadanin-8-ene).
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Fig. 5. NMR spectrum of E-1 diacetate.
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doublet, J=16 Hz), 3.0 (6H, multiplet), 3.61 (1H, doublet, J=16 Hz), 6.6~7.7 (8H)
and 7.81 (6H, singlet)z. A pair of doublet at 2.90 and 3.61 indicates the presence
of an olefinic protons, and a multiplet around 3.0 reveals six protons of biphenyl
moiety. The broad signal at 6.6~7.7 is due to two methylene protons of the
benzyl group and two other methylene protons in side chain. A singlet at 7.81
shows two acetoxyl protons on biphenyl nuclei (Fig. 5).

Furthermore, a structural assignment on biphenyl nuclei can be confirmed by
the result that a prominent ion in the MS spectrum of compound I was observed

CHz 'CH,

+
at mf/e 211 as the base ion peak due to the fragment ( )

0 OH

All of these data on compound I support the structure I, and E-1 is deter-
mined to be trideoxyasadanin-8-ene, which was isolated by Yasug, M. from the
wood of Asada Ostrpa japonica. Trideoxyasadanin-8-ene has a carbon skeleton
of C+~C,—~C; not encountered in other naturally occurring substances. However,
several compounds having a Ci—C,~C; skeleton have been studied during the past
twelve years, e.g. asadanin in Ostrya, cetrolobine in Centrolobium” and yasha-
bushiketol in Alnus, and curcumin in Curcuma prior to this. It is very inter-
esting that these compounds with a Ci~C,~Cs carbon skeleton occur among the
genus and between the genus in the same family, Betulaceae. It appears to be
have a strong resemblance to those biosynthetic path way.

Hannoki ester (f-guaiacylethyl ferulate) (E-2) (II)

We proposed the name hannoki ester for this compound II (mp 194~195°C,
CsHyOs, m/e 344 M*) in a preliminary report. All of the data of UV (Fig. 6),
IR (Fig. 7), NMR (E-2 diacetate, Fig. 10) spectra, and the behaviour of hydro-
lysate (I and II) and of a degradation loge
product had substantiated S-guaiacylethyl s
ferulate for the structure of compound 45f /
II. The final confirmation of its struc-
ture has been achieved by the analysis
of hannoki ester dimethyl ether and by
a comparision with a synthetic methyl
ether of B-guaiacylethyl ferulate. The 40}
chemical nature of methyl ether IIb is
now described in this paper.

Treated with diazomethane, hannoki
ester gave its dimethyl ether IIb as
a colorless needles, mp 123.9°C. The 35
NMR spectrum of compound IIb in deu-
tero.chloroform with “tetramethylsilane as 750 300 350 380mu
an internal standard reveals the follow-
ing signals.: 2.37 (1H, doublet, J =16 Fig. 6. Ultra violet absorption spectra of
Hz), 2.88~3.32 (6H, multiplet), 3.71 (1H, E-2 (B-guaiacylethylferulate).

—— in neutral; - — - in alkaline
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Fig. 7. Infra red absorption spectrum of E-2
(B-guaiacylethyl ferulate).
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Fig. 8. Hydrolysates from E-2 with alcoholic
potassium hydroxide.
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Fig. 9. Mass spectrum of E-2 (B-guaiacylethyl “f‘erlrxlate).
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Fig. 10. NMR spectrum of E-2 diacetate.

-

doublet, J=16 Hz), 5.63 (2H, triplet, J=7 Hz), 6.12 (6H, singlet), 6.18 (6H, siglet),
7.12 (2H, triplet, J=7 Hz)z (Fig. 11). A feature of the NMR spectrum of IIb
is very similar to that of hannoki ester diacetate Ila (Fig. 10), apart a signal
attributed to acetoxyl protons at 7.68z. A pair of doublet at 2.37 (J=16 Hz) and
3.71 (J=16 Hz) indicated the presence of an olefinic double bond in 3, 4-dime-
thoxycinnamic acid residue. A multiplet at 2.88~3.37 showed six protons of
two aromatic nuclei. Two triplets at 5.63(C,) and 7.21(C,) are due to the partial
structure of —CO-O-CH, (a)-CH, (8)-Ar (OCH,),, respectively. The behaviour of
protons of methylene at C(a) adjacent to the oxygen atom also agrees very well
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Fig. 11. - NMR spectrum of E-2 dimethyl ether.

with that of guaiacylethane-S-dihydroconiferyl ether®. Two singlets at 6.12 and
6.18 can be assigned four methoxyl protons of two aromatic nuclei.

Furthermore, the structural assignment is supported by a comparision with
synthetic dimethyl ether of p-guaiacylethy! ferulate and the mixed melting point.
Synthetic dimethyl ether was prepared from a homoveratryl alcohol and a 3, 4-
dimethoxycinnamic acid chloride. The melting point of the reactant was 124.3°C
and the mixed melting point with IIb was undepressed. Also, the NMR spectrum
of the synthetic compound agreed with that of substance IIb.

Finally, this ester consists of a ferulic acid and a homovanillyl “alcohol @nd
is concluded to be p-guaiacylethyl ferulate. This compound having C~C, and
Ce¢—C, carbon skeleton is apparently a novel type, as is asadanin in nature, though
only S-phenylethyl cinnamate occurred in the bunds of Yashabushi Alnus firma
S1EB. et Zucc. (Betulaceae).

Hannokinol (1, 7-di<{ p-hydroxyphenyl)-heptane-3, 5-diol) (E-3) « (I1L)

E-3 was isolated from a 5% potassium hydroxide soluble portion of the ether
soluble fraction using silica gel column chromatography and. one of group 1. By
several recrystallizations  from 80% ethanol and benzene : acetone (1:1), this
compound III was obtalned as colorless plates, mp 165~166°C, and was optically
active, [a)y =+32.5 (c=0.53 in EtOH). It gave positive coloration with diazo-
reagents, ferric chloride and alkali-alkyl xanthate, and was negative to quinone
monochlorimide, suggesting the presence of the alcoholic and phenolic hydroxyl
groups in the structure. The molecular formula is established as C;;H,0O, from
a high-resolution mass spectrum The UV spectrum shows maxima at 225, 279.5
and 286 (shoulder) mg, and in alkaline medium at 227.5, 243, 289 and 300 mg,
attributed to phenolic moiety (Fig. 13). The IR spectrum of III indicates absorp-
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tion band at 3,400 and 1,110 cm™ due to secondary alcoholic hydroxy! group,
3,270 cm™! attributed to phenolic hydroxyl group, 1,600 and 1,508 cm™' showed

the presence of phenyl nuclei and 840;5-'800 cm”

I :R=H ¥ :R=H
o : R=COCHs ZYa‘ : R=COCH
i 50/‘/2”2
i1 KMn0y

Hooc©
OCHs

p-Anisic acid
Fig. 12. Degradation product from methyl ether

of E-3 and E-4 with potassium perman-
ganate.

] ! 1 [ [l

1

originating from the 1, 4-substi-

tuted benzene ring (Fig. 14). It
may be easily considered from the
above results that the hannokinol
had the p-hydroxyphenyl group.
Also, a carbon atom (a-position)

0.5
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Fig. 13. Ultra violet absorption spectra

of E-3 (1, 7-di{(p-hydroxyphenyl)-
heptane-3, 5-diol).
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Fig. 14. Infra red absorption spectrum of E-3 (1, 7-di-
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(p-hydroxyphenyl)-heptane-3, 5-diol).
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adjacent to the benzene ring did not . possessed of hydroxyl group. Furthermore,
this is supported by the fact that methylated hannokinol gave p-anisic acid by
oxidation with potassium permanganate.

When hannokinol in pyridine was treated with acetic anhydride, a faint
yellow, viscous tetraacetate (IIla) was obtained. The MNR spectrum of compound
ITa shows the following signals: 2.79~3.08 (8H, multiplet), 5.02 (2H, quintet,
J=7 Hz), 7.43 (4H; two triplets partially overlapping, J=7 Hz), 7.78 (6H, singlet),
8.04 (6H, singlet) and 8.19 (6H, multiplet)r (Fig. 15). A mutiplet at 2.79~3.08
indicates eight protons of two aromatic nuclei, AA’ BB’ system, and two singlets
at 7.78 and 8.04 reveal protons of two phenolic and alcoholic acetoxyl groups,
respectively. A quintet at 5.02 is due to two protons of the partial structure of
-CH;-CHOAc-CH,-CHOAc-CH,-. Two of the four hydroxyl groups can be
proved to be secondary alcohol from the results of coloration, IR and NMR
spectra, and then the others to be phenolic hydroxyl groups. This resembles
the results of NMR spectrum of yashabushiketol (VII) and its dihydro-derivatives
(VII), which were extracted from the buds of Yashabushi Alnus firma. The
signal at 7.45 (J=7 Hz) shows four protons of the triplets partially overlapping
two ~CH,~CH,~Ar (OAc). A complex at 8.19 could be assigned to six protons of
three methylene of the structure -CH,~CHOAc~-CH;-CHOAc-CH,~. The feature
of three methylene groups adjacent to secondary alcohol is clearly recognized
in comparision with. the NMR spectrum in deuteromethanol of 1, 7-diphenyl-
heptane-3, 5-diol (IX), which obtained from the leaves of Alnus fruticosa and A.
manshurica.

AcQ OAc ’e

2 3 4 5 6 7 8 9 T 10

Fig. 15. NMR spectrum of E-3 (1, 7-di-(p-hydroxyphenyl)-
heptane-3, 5-diol) tetraacetate.

It is not hard to appreciate from the result of MS spectrum that hannokinol
contained the molecular ion peak at m/e 316, the base ion peak at 107 corre-
sponding to ((OH)Ar-CH,-)*, the prominant ion peaks due to M-18 {m/e 298) and
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M-36 (mfe 280), of which evidence indicated to be an alcohol (Fig. 16). The
characteristic fragments observed at m/e 91, 77, 65, 51 and 39 originated from
substituted aromatic derivative. Therefore, it can be understood that hannokinol
has two alcoholic hydroxyl groups and p-hydroxyphenyl nuclei in the structure.
Other abundant ion peaks in the MS spectrum may be explained as follows : m/e 173
((OH)Ar-CH,~-CH=CH-CH=CH-CH,)*, m/e 160 (CH=CH-CH=CH-CH,-Ar(OH))",
m/fe 150 (O=CH-CH;~CH,~Ar(OH))*, m/e 149 (O=C-CH,~CH,-Ar(OH))*, m/e 133
(-CH=CH-CH,~Ar(OH)}", m/e 121 (-CH,CH,~Ar(OH))* and m/e 120 (CH~=CH-
Ar(OH))* (Fig. 16).

107
-
133 160
77 108
120 298
121
39 o 14%50
4555 ¢ 2 173 280 M*
M ||| |
r— . . —
100 150 180 270 300 320

Flg. 16. Mass spectrum of E-3 (1, 7-di<(p-hydroxyphenyl)-heptane-3, 5-diol)

On the basis of above-stated chemical and spectral data and in comparision
with the results of 1, 7-diphenyl-heptane-3, 5-diol, the structure of hannokinol is
determined to be 1, 7-di-(p-hydroxyphenyl)-heptane-3, 5-diol.

Hannokinin (1, 7-di{p-hydroxyphenyl)-heptane-3-one-5-ol) (E-4) (IV)

E-4, like hannokinol, is obtained from a 5% potassium hydroxide soluble
portion of the ether soluble fraction by silica gel column chromatography and is
classified into group I. By recrystallization with benzene :acetone (1:1), E-4 is
yielded as colorless needles, mp 131~132°C, and is optically active, [a]f = +20.7
(c=0.72 in EtOH) Compound IV has a molecular formula of C,H,0, from
the results of a high-resolution mass spectrum and of elemental analysis. It is
positive to diazo-reagents, ferric chloride, 2, 4-dinitrophenylhydradine and alkali-
alkly xanthate, and negative to the quinone monochlorimide test. It may obviously
be suggested that hannokinin contains to alcoholic and phenohc hydroxyl groups
and a carbon atom (a-position) adjacent to the aromatic ring is lacking for the
hydroxyl group. Also, compound IV is a ketol from the behaviour of coloration.
The UV spectrum of hannokinin shows absorption maxima at 225, 280 and 285~
288 (shoulder) my, and in an alkaline medium at 246, 288 and 298 mp, suggesting
phenolic moiety (Fig. 17). The manner of UV spectra in neutral and alkaline
media is very similar to that of hannokinol. A significant absorption band in
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the IR spectrum of E-4, however, observes
at 1,690 cm™, attributed to carbonyl group,
which could not be encountered in the IR
spectrumof Hannokinol (Fig. 18). Absorp-
tion bands at 3,400 and 1,110 cm™ indicate
the presence of a secondary alcoholic hy-
droxyl group compared with compound III
and at 3,270 cm™! according to the phenolic
hydroxyl group. Absorption maxima of
phenyl nulcei are obsreved at 1,600 and
1,500 cm™!, and furthermore an other ab-
sorption band at 840~800 cm ™ suggests the
existence of a 1, 4-substituted benzene ring.
It can be assumed that compound IV was
closely related to the chemical structure of
hannokinol, though the latter was lacking
in a carbonyl group. In addition, the simi-
larity of thier structures was detected from
the result that methylated hannokinin gave
p-anisic acid on the oxidation with potas-
sium permanganate.

i | L 1 1

250 300 350 my
in neutral
————in alkaline

Fig. 17. Ultra violet absorption spectra
of E-4 (1, 7-di-(p-hydroxyphenyl)-
3-one-5-ol).

3500 3000 2500 2000 1800

1600 1400 1200 1000 800 cmt

Fig. 18, Infra red absorption spectrum of E—4 (1, 7-di-
(p-hydroxyphenyl)-heptane-3-one-5-ol)

The acetylation of compound IV with acetic anhydride in pyridine gave a pale
yellow, viscous triacetate IVa. The NMR spectrum of IVa in deuterochloroform
shows the following signals: at 2.96 (8H, mutiplet), 4.75 (1H, quintet, J=7 Hz),
7.23~7.46 (8H, multiplet), 7.77 (6H, singlet) 8.06 (3H, singlet) and 8.16 (2H,
multiplet) z (Fig. 19). A multiplet located at 2.93 is derived from eight protons
of two aromatic nuclei, AA’ BB’ system, and two singlets at 7.77 and 8.06
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Fig. 19. MNR spectrum of E-4 (1, 7-di<(p-hydroxyphenyl)-
heptane-3-one-5-0l) triacetate.

originate in two phenolic acetoxyl groups and an alcoholic acetoxyl moiety, re-
spectively. A quintet appearing in 4.75 is attributable to a proton of the partial
structure “CH,-CHOAc~-CH,~, and a multiplet observed at 8.16 is caused by two
protons of methylene of the structure -CHOAc-CH,~CH,-Ar(OAc). A complex
signal presented at 7.23~7.46 can be illustrated by overlapping four protons of
methylene with two (OAc)Ar-CH,~CH- groups and four protons of two methylene
of the partial structure ~CH,-CO-CH,-. Compared with the data of hannokinol,
it has been recognized that compound IV consists of a secondary alcohol group,
a carbonyl group and two.p-hydroxyphenyl moiety as the partial structure.

In the progress of our study, TERAZAWA, M. et al. reported that platyphyl-
lonol (1, 7-di<(p-hydroxyphenyl)-heptane-3-one-5-0l), mp 125~126°C, isolated from
the inner bark of Shirakanba Betula platyphylla and hirsutanonol, as oilly state,
from the inner bark of Keyamahannoki A. hirsuta®. These compounds have the
structure of C¢C,~C; carbon skeleton and its NMR spectra are very similar to
that of hannokinin.

. The MS spectrum of E-4 shows the molecular ion peak at m/e 314 and
a prominant ion peak corresponding to M-18 at m/e 296 (Fig. 20). The base
ion peak presented at mje 107, attributing to ((OH)Ar-CH,-)*. The presence of
characteristic fragment ion peaks at m/e 91, 77, 65, 51 and 39 are due to a sub-
stituted aromatic ring. This also coincides with the results from hannokinol.
Other mainly fragment ion peaks in the MS spectrum may be understood as
follows : m/e 164 ((OH)Ar-CH,~CH,~CO-CH,)*, m/e 175 ((OH)Ar-CH,-CH,-CO-
CH=CH-)* or (-OC-CH=CH-CH,-CH;~Ar(OH))" and m/e 190 (OH)Ar-CH,~-CH,-
CO-CH=CH-CH,)* or (CH;~CO-CH=CH-CH,-CH,~Ar(OH))*. These ion peaks
could not found in the MS spectrum of compound IIL
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Fig. 20. Mass spectrum of E-4 (1, 7-di-(p-hydroxyphenyl)-heptane-3-one-5-ol): -
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Fig. 21. Diarylheptanoids and ester from Alnus hirsuta TURCZ.
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vi @'CF‘:CH'CO‘CHZ'CHOH'CHZ—CH{Q Yashabushi ketol (Alnus firma)
VIO @-CHZ—CHfCO‘CHz"CHOH‘CHz‘CHz‘@ Ditydro-yashabushi ketol (A. firma)

IX < :>'( "Hs-CHy-CHOH-CH-CHOH-CH,-CH ‘< > L T-Diphenylheptane-3,5-diol
ek ? ? (4. fth/'cosa % A mandshurica)

X Platyphyllonol (Betula platyphylia)

XI Asadanin (Ostrya japonica)
Fig. 22. Diarylheptanoids in Betulaceae.

From the above-mentioned chemical and spectral feature and comparision with
data of other diarylheptanoids from Alnus and Betula, the structure of hanno-
kinin is concluded to be 1, 7-di-(p-hydroxyphenyl)-heptane-3-one-5-0l. Therefore,
hannokinin is almost justifiably considered as coinciding with the structure of
platyphyllonol, though the latter differed from hannokinin on melting point and
its optical activity was as yet unknown.

Five compounds, including E~1, E-3, E-4 and two substances (E-7 and E-8)
ignored in this paper, ohbtained from the wood of A. hirsuta, are all diarylhep-
tanoids with a CC,~C, carbon skeleton. A few compounds related to diarylhep-
tanoids occurred over the family in nature, e.g. curcumin (XII) in Curcuma longa
(Zingiberaceae), centrolobine (XIII) in Centrolobium robustum (Legminosae), asadanin
(X1) in Ostrya japonica (Betulaceae), myricanone (XIV) in Myrica nagi (Myricaceae),
platyphyllonol (X) in Betula platyphylia (Betulaceae) and yashabushiketol (VII)
in A. firma (Betulaceae). It is interesting concerning its biosysthesis that these
compounds having a C¢C,-C; carbon skeleton occurred among the genus Alnus,
Betula and Ostrya in the same family. Furthermore, it must be noted that
diarylheptanoids hannokinol and hannokinin from the wood of A. hirsuta pos-
sessed p-hydroxyphényl group ‘in its structure, whereas hirsutanonol (V) from the
inner bark of the same species contained the o-dihydroxyphenyl pendant group
(Figs. 21, 22 and 23).

The biosynthesis ‘of “these compounds has been considered as the following:
Curcumin from Curcuma longa would appear to be related to that of lignans,
involving the union of two cinnamate units with a central methylene supplied,by
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HOCH:CH-%-CHQ—Q-CHZCH
CH30 : ~ OCHs

XI Curcumin (Curcuma : Zingiberaceae)

I Centrolobine (Centrolobium: X Myricanone Wyrica:
Leguminosae) Myricaceae)

XU 9-Phenylperinaphthenone (Lachnanthes:
 Heamodoraceae)

Fig. 23. Diarylheptanoids and related cbmpounds

from other families in nature. '

malonate®. YAsuUE, M. has reported that asadahin and its’ homologous may make
the cyclization into the biphenyl ring by oxidative coupling after the C—C,~C;
intermadiate was formed®. On biosynthesis of 9-phenylperinaphthenone (XV) in,
Lachnanthes tinctoria (Haemodoraceae)] EDwARDs, J. M. et al. have pointed out
that this compound was formed by elimination of acetate carbonyl group frem
two cinnamate units and'an acetate unit during biosynthesis'®. RoOUGHLEY, P. J.
et al; however, have proposed the following path way by tracer experiment for
curcumin occerrence. A cinnamate unit and five malonate initially: formed a chain
expansion intermediate, and subsequently aromatized to a: Ci—Cy~C; skeleton. Then
hydroxylation and methylation led to curcumin via the '‘abéve C~C,~C, inter-
madiate’. Compounds HI and IV will occur by either path way.

When regard is paid to the fac¢t that mono-hydroxyphenyl group during
biosynthetic progress was subjected further hydroxylation toward di-substituted: de-
rivative!®, the occurrence of hannokinin and hirsutanonol appears to be alternative
process in xylem and phloem to each other. Therefore, hirsutanonol cannot be
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expected to form via hagnokinin. It is worth noting that hannokinin occurred
together with its: reduced product hannokinol in-the wood Furthemore, it may
be a characteristic of ‘the constituents of A. hirsuta that these compounds have
hydroxylated phenyl group, whereas substances from other Alnus consist of the
phenyl group lacking the hydroxyl group. As described above, the structure of
hannokinin seems to be identical with that of platyphyllonol from the inner
bark of Betula platyphylla in chemical and spectral data, though its melting point
differs from that of compound IV and opticil activity is yet unknown.

It is necessary to elucidate the details of the absolute configurations of
hannokinin and hirsutanonol on assymetriéﬂcarbon in a future study.

Conclusion

In the course of the investigation of the extracts from the wood of Keyama-
hannoki Alnus hirsuta Turcz. (Betulaceae), nine compounds (named tentatively
E-1 to E-9) and vanillic acid were isolated as crystals, and syringic acid was
obsreved on TLC. We proposed the name hannoki ester, hannokinol and han-
nokinin for the compounds E-2, E-3 and E-4. Four (E-1, E-2, E-3 and E-4)
of these nine substances have now been studied in regard to their structure.

From the results of coloration, acetylation, methylation, degradation, hydro-
lysis and spectral measurement, E-1, hannoki ester, hannokinol and hannokinin
could be proved structurally to be trideoxyasadanin-8-ene (I), S-guaiacylethyl feru-
late (II), 1, 7-di-(p-hydroxyphenyl)-3, 5-diol and 1, 7-di-(p-hydroxyphenyl)-3-one-5-ol,
respectively.

Three (E-1, E-3 and E-4) of above compounds and, the other two substances
(E-7 and E-8), which were ignored in this paper, belong to the group of diaryl-
heptanoids. As described above, this group has a Ci~C,~C; carbon skeleton and
are distributed over the family in nature. Diarylheptanoids are encountered among
Alnus, Betula and Ostrya in the same family Betulaceae. The occurrence of
these substituents appear. to be a characteristic of this family.

The main compounds: in Asada Ostrya japonica are asadanin and its homo-:
logous, of which two aryl groups were coupled at the meta position to the side
chain moiety. On the other hand, platyphyllonol in Shirakanba Betula platyphylla
is not subjected to meta bridged structure. -However, the constituents occurring
in the wood of Keyamahannoki A. hirsuta consist of both types of structure, and
this is very interesting from the standpoint of chemotaxonomy and its biochem-
istry. A considerable difference also exists among various organs of the trees
of Alnus. An aromatic ring of yashabushiketol and its dihydro-derivative from
the buds of Yashabushi 'A. firma and 1, 7-diphenyl-heptane-3, 5-diol from the
leaves of A. furticosa and A. manshurica was not hydroxylated, whereas that of:
hannokinol and hannokinin in the wood and.of hirsutanonol from the inner bark
of A. hirsuta was subjected to hydroxylation. Now it will be useful in solving:
the problem of biosynthesis to asertain the: existence of the compound with the
unhydroxylated benzene ring in the leaves of Keyamahannoki. © Mono-hydroxylated .
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compounds are obtained from the wood and di-substituted materials occurred in
the inner bark of the same species. Considering the mechanism of hydroxylation
in plants, it can be understood that hannokinin and hirsutanonol are formed by
alternative path ways of biosynthesis to each other. This seems to be explain
that each enzyme' system on formation differed between xylem and phloem as a
boundary to cambium.

As state above, S-phenylethyl cinnamate, having the structure :;’(.CG—CZ—CO—.;?—O—‘-’

CC; from the buds of A. firma, has an unhydroxylated benzene ring, but han-
noki ester with the same skeleton is: subject to hydroxylation and methylation.
It has not yet been solved whether hydroxylation and methylation are character-
istic of A. hirsuta or not. Clearly, it may be considered that the mechanism of
biosynthsis differed between the xylem and other organs in tree by the above
results. S

Finally, it is very interesting with regard to chemosystematics that the occur-
rence of diarylheptanoids in Alnus plays the role of taxonomic tracer. With
obtainning information on the structure of the wood constituents, confirmation of
the existence of unknown material seems to be the subject for a future study.

Experimental

All melting points were uncorrected. The UV spectra ‘i‘nv'v EtOH solution and in
alkali solution were scanned on Hitachi Spectrophotometers EPS-3T and 124, and the
IR spectra as KBr disk with a Yanagimoto ISG-1 and a Hitachi Grating Infra red
Spectrophotometer 215. The NMR spectra were measured on Hitachi High Resolution
NMR Spectrophotometers Model H60B and R-22 with tetramethylsilane as an internal
standard, the MS spectra were obtained on a RUN-6 Hitachi Mass Spectrophotometer
and a Model Hitachi K-53 GC RMS-4 MS. TLC carried out Kieselgel (nach Stahl);
UV lump, diazo-reagents, ferric chloride and 50% H,SO, as detecting reagents ; toluene:
ethylformate : formic acid (5:4:1), benzene:acetone (3:1), 50% MeOH as developing
solvents. PPC was performed on Toyo Roshi No. 51 and 52 using xylene : dimethylform-
amide (9:2) and chloroform : EtOH:H,O (8:2:1, lower layer) :as. mobile phase. All
column chromatography used cellulose powder (Toyo Roshi 100 and 20 mesh: column
5.2% 63 cm) and silica gel (Wacogel C-200 and C-300: column 3.8x70 cm). The solvents
used were xylene : dimethylformamide (6~15%1) for the cellulose column and benzene:
acetone (5~20:1) for the silica gel column.

1. Extraction and Fractionation

In this investigation, the raw material used was collected at Teshio College Experi-
ment Forest, Hokkaido University. Air-dried wood was flecked and milled with a Willey
mill through 2mm screen. The prepared wood meal was stored in polyethylene bag.

Three kg of air-dried sample was in a large percolafor with 104 of 95% EtOH
for 72 hrs at room temperature. Then the ethyl alcohol was decantéd. This procedure
was repeated three times using fresh solvent. About 10 kg of wood meal was treated.
The combined ethanolic solution was evaporated under reduced pressure to syrup, and
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a portion of syrup for determination was dried by a rotary evaporator (3.6% on oven-
dried wood). The etharolic extract was successively percolated with light petroleum
ether, ethyl ether and ethyl acetate in a liguid-liquid extraction apparatus and the
yields were 0.4%, 0:6% and 1.5%, respectively.. Subsequently, an ether soluble fraction.
was fractionated with saturated sodium bicarbonate, 10% sodium carbonate, 5% sodium
carbonate and 5% potassium hydroxide. The fractions from 65g of the ether soluble
portion were 32.0¢g, 226 g and 6.4 g as acidic parts, and 3.0 g for neutal part (Fig. 24).

Wood meal (air-dried : ca./0kg)
-8 2 HEOH

95 % ELOH Extracts(3.6%)

—/ight petroleum ether(LPE)

LPE soluble
fraction(04%)

L—cthyl ether

* ethyf ether soluble «—
fraction (0.67)

—ethy| acetate

ethyl acetate soluble—
fraction (/.5%)

residue

*Ethyl ether soluble fraction (65g)

i saturated NaH(C0s;
it 10% Na,C0s

i 5% KOH
] ) 1 ¥
saturated 0% Na,C0; 5% KOH Neutral
NaHCOs - fraction

(820g)  (226g) (6.4g) (3.0g)
- (%) percentage to oven-dried wood

Fig. 24. Separation scheme of extracts from the
wood of Alnus hirsuta TURCZ.

i

The 10% sodium carbonate and the 5% potassium hydroxide soluble portion‘ wére
. chromatographed “using cellulose and silica gel column, and E-1, E-2, E-5, E-7 and
E-8 were fractionated from 10% sodium éarbqnate soluble portion, and E-3, E-4 and
E-6 from 5% pobtassiu_rir‘l hydroxide soluble portion. ‘ k
2. Isolation of Trideoxyasadanin-8-ene (E-1) (I)
A portion {12g) of 10% sodium carbonate soluble fraction was placed on the
cellulose column and -then developed using xylene:dimethylformamide (15:1). One £
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of the intial eluates was collected and a crude material was obtained after the removal
of the solvent. Several recrystallizations from benzene :acetone (1:1) gave colorless,
needles, mp 238~241°C, which were positive to diazo-reagents, ferric chloride and
negative to quinone monochlom'mide (vield; 0.7g). UV 2899 mp: 216, 230, 240 (sh),
297 ; AEIQH-NaOH ;4 : 327; IR vEBIem ': 3,270, 1,675, 1,615, 1,600, 1,505; MS m/e 294 M+,
Anal. Caled. for CgH;j05: C, 7753 ; H, 6.16. Found. C, 77.41; H, 6.05.

2-1. Trideoxyasadanin-8-ene diacetate (Ia)

E-1 (148 mg) was set aside with acetic anhydride (2mé) in dry pyridine (1.6 mé)
over night at room temperature. After ice water (100 mé) was poured into the mixture,
the resultant precipitate was collected and recrystallized from EtOH to give colorless
plates (Ia) (197 mg), mp 213.5~215.0°C. UV 2EOH mu: 230, 235, 267~275; IR vEEr cm™
1,750, 1,685, 1,600, 1,500, 1,375, 1,200 ; NMR (CDCl;/60 MHz) z: 2.90 (1H, d, J=16 Hz), 30
(6H, m), 3.61 (1H, d, J=16 Hz), 6.6~7.7 (8H), 7.83 (6H, s). Anal. Caled. for CzH»O;5: C,
73.00; H, 5.86. Found.: C, 72.65; H, 5.84.

2-2. Hydrogenation of Trideoxyasadanin-8-ene

E-1 (80 mg) was dissolved in EtOH (25mé) and Pd-C (45mg) was added. The
mixture was hydrogenated over Pd-C for 2hrs, and then filtrated. The reactant
recrystallized from EtOH to give colorless plates (70 mg), mp 224~228°C. IR X3 c¢m-
3,250, 1,690, 1,600, 1,580, 1,500, 815.

2-3. Oxidation of Trideoxyasadanin-8-ene with KMnO,

E-1 (140 mg) in dry acetone (40 m¢) was refluxed with (Me),SO, (1.0 mé) and
K,€0; (1.4 g) for 30 hrs in a steam bath. After cooling and hltering, the acetone was
taken off and the reactant was placed in 5% KOH (100 m#). Oxidation with KMnO,
was done dropwise and the excess KMnO, was degradated with H;O,. A mixture was
passed through filters and the filtrate was extracted by ethyl acetate. After being
treated with Na,SO,, the removal of solvent yielded.the oxidative product, mp>300°C.
From the behaviour on TLC and PPC, this compound was indentified as 2, 2’-dimethoxy-
5, 5’-dicarboxybiphenyl.

'3, 1TIsolation of B-Guamc’ylethyl ferulate (E-2) (Hannoki ester) (Il)

Eluate No. 710~804 from the cellulose column was collected and then the solvent
was removed to give a syrup. A cream-colored material was precipitated on the addi-
tion of water. After several recrystalhzatlons from EtOH, a crude solid gave a pure
E-2 as colorless needles, mp 194~195°C, positive to diazo-reagents and ferric chloride.
UV 2EQH my : 219, 233, 291, 329 ; ABQH-Na0R my : 250, 301, 380 5 IR »EBE cm =" : 8,397, 1,700,
1,620, 1,600, 1,500, 1,290, 1,150 ; MS: m/e 344M™*.. Anal. Caled. for CisHyOg: C, 66.27;
H, 585; OCH;: 17.98. Found.: C, 66.23; H, 5.99; OCH;: 18.03 (vield: 0.7 g).

3-1. Hannoki ester diacetate (IIa)

(E-2) (100 mg) with acetic anhydride (2mé) in dry pyridine (2mé) was kept over
hight at room temperature. ~Then a mixture was poured into ice water (100 mé) and
the resultant precipitate was collected.: The amorphous diacetate (126 mg) obtained
after recrystallization from 60% EtOH had mp 70~73°C. UV 2ES¥ my: 216, 225 (sh),
281, 310; IR vEEIem: 1,760, 1,700, 1,630, 1,600, 1,500, 1,370, 1,200; NMR (CDCls/60
MHz) r: 2.31 (1H, d, J=13 Hz), 2.88~3.27 (6H, m), 3.60 (1H, d, J=13 Hz), 5.62~5.75 (2H),
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6.11 (3H, s), 6.23 (3H, s), 7.10~7.34 (2H), 7.68 (6H, s). Anal. Calcd. for CyuH,0;: C,
64.48; H, 565. Found.: C, 65.08; H, 5.72. ‘

3-2. Oxidation of Hanoki ester with: KMnO,

E-2 (50 mg) in a small portion of EtOH was reacted with an ether solution eof
excess CH;N,. The methylated E-2 obtained was dissolved immediately in 5% KOH
and then 3.5% KMnQO, was added dropweise. Thereafter the excess KMnO, was treated
with H;O, and the resulting MnO, was taken:off. The filtrate was then acidified with
HC! and continued to be extracted by ethyl ether. The reactant obtained was identical
to an authentic specimen of veratric acid. mp: 180°C.

3-3. Alkalline hydrolysis of Hannoki ester

E-2 (05g) in 3% ethanolic KOH (40 m#) was refluxed in a steam bath for 3 hrs.
After cooling, the solvent was evaporated under reduced pressure and 40 mé of water
was added. The aqueous solution of the reactant was acidified with HCl and extracted
by ethyl ether (100 m#). In order to obtain an acidic portion, the ether solution ‘was
fractionated by 5% NaHCO; (20 m#); - When the NaHCO; fraction was 'acidified with
HCl, a crude soild was precipitated and collected. Several recrystallizations from 50%
EtOH yielded Hydrolysate 1 (228 mg) as colorless needles, mp 174~175°C. It was
positive to diazo-reagents and ferric chloride. UV 2838 mpu: 236, 298, 323; ALtOH-NaOH
mpy: 240, 308, 349; IR »EBrem~!: 3,430, 1,685, 1,660, 1,600, 1,500. The chemical -and
spectral natures were identical to that of -an-authentic -specirhen .of ferulic acid. ~ The
mixed mp was undepressed.

The neutral component was yield as a viscous material (Hydrolysate II) (ca. 190 mg),
and was treated with excess CH;N;. :© The NMR spectrum of the methyl ether revealed
the following signals: 322 (3H, m), 6.17 (6H, 2H), 7.25 2H, t, J=7 Hz), 8.37 (1H, s). This
result agreed very well with that of synthetic homoveratryl :alcohol.

3-4. Hannoki ester dimethyl ether (IIb)

E-2 (30 mg) was supended in a small portion of dry ethyl ether and then an ethyl
ether solution of excess CH;N, was added. After the removal of the solvent, a' crude
methylate was obtained in a faint yellow oily:state. By recrystallization from .MeOH,
dimethyl ether of E-2 was yielded as colorless needles (18 mg), mp 123.9°C. Anal. Calcd.
for CuHyOs: C, 67.73; H, 6.50. Found.: C, 67.97; H, 6.60. MRN (CDCly/90 MHz) < :
2.37 (1H, d, J=16 Hz), 2.88~332 (6H, m), 371 (1H, d, J=16 Hz), 563 (2H, t, J=7Hz),
6.12 (6H, s), 6,18 (6H, s), 7.12 (2H, t, J=7 Hz).

3-5. Synthesis of Homoveratryl alcohol

Veratrum aldehyde (5 g), dry hippuric acid (6 g), fused sodium acetate (2.5 g) in acetic
anhydride (9 m#) was hedted in an oil bath.at 110°C until it had melted and discol-
ored to a deep yellow. Then the oil bath was replaced by a water bath and heating
continued for 2 hrs. After cooling, ethano! (40 mé) was added slowly into the mixture,
and it was set aside over night at room temperature. The precipitated yellow crystals
were filtered, washed with ice-cold ethanol (3 mé) and hot benzene (3 m¥) twice. Then
2-phenyl-4-veratral-5-axazolon was yielded, mp 149~150°C (yield: 6.4g). The 2-phenyl-
4-veratral-5-oxazolon (6 g) in 10% NaOH. (34mé) was refluxed in an oil bath until the
end of NH; generation. 40% NaOH (5 m4) was added to thé reactant and subsequently
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fed H,0,-H,O0 (1:1) (9 m#) cooling ice-NaCl. After being kept ovet night and being
acidfied with conc. HCl (144 mé), the mixture was immediately ' extracted with hot
benzene (20mf and 30 m¢ twice). The benzene solution was dried. by MgSO,, and
evaporated. The residue with 30 mé of MeOH containing conc. H,SQ, (0.3 mé) was
refluxed for 5hrs. After MeQOH was taken off, ice-water (15mé) was fed in the mixture
and shaked. Again, the mixture was extracted with benzene (3mé and 10 m# twice)
and the benzene soluble portion was then washed with 10% Na,CO; (3 m¥) twice, water
(3 mé) twice, and dried by MgSO,. The resultant material was. distilled under reduced
pressure, and homoveratric acid methyl ester was obtained at 176~178°C under 16
mmHg'®. Yield 25g.

Homoveratric acid methyl ester (2g) in dry . tetrahydrofuran (30 m4) was treated
with LiAlH, (1g) in dry tetrahydrofuran (50 m#) by stirring for 6 hrs. Cooling at 0°C,
a mixture of tetrahydrofuran: H,O (15:2 v/v) was carefully added to the reactant and
set aside for 2hrs. After the evaporation of the solvent, the residue was extracted
with ethyl acetate (50 mé) and ethyl acetate soluble portion dried by Na,SO,. After
being removed the solvent, homoveratryl alcohol was obtained as viscous solid. Yield
ca. 1.5 g. NMR (CDCl,/90 MHz) r: 3.25 {3H, m), 6.17 (6H, s), 6.22 (2H, t, J=7Hz), 7.22
(2H,t, J=7Hz), 8.22 (1H, s). mp 37~40°C. Anal. Caled. for C,H;,05: C, 6591; H, 7.74.
Found.: C, 65.19; H, 7.69.

3-6. Synthesis of Hannoki ester dimethyl ether (Illa)

The synthesis of 3, 4-dimethoxycinnamic acid has been carried out by a method of
Adams, R®. Veratrum aldéhyde (3 g), malonic acid (4 g), anilline (0.1 m#) were dissolved
in dry pyridine (2m#) and heated in a steam bath at 55°C for 10hrs. The reactant
was poured into water (50 m#) and the precipitate collected. ~After several recrystalli-
zations' from EtOH, 3, 4-8imethoxycinnainic - acid ‘was yielded as evlorless needles, mp
183°C. Yield 25g. Anal. Caled. for C;H,O4: C, 63.45; C, 5.81. Found.: C, 63.13;
H, 5.89.

The above compound (2 g) was heated with thionyl chloride (5g) in a. steam bath
for 30 min..  Then excess tyionyl chloride was taken away. undet reduced pressure and
the oily material obtained became a solid by cooling. This solid was used for next
process without purification. : ‘

The synthesis of ester IIb was carried out using metal hahde according to Hill,
M9, 3 4-Dimethoxycinnamic acid chloride (1.3 g) in 10 m&: of carbon tetrachloride was
mixed with homoveratryl alcohol (2 g) at room temperature. To this solutlon was added
0.5g of crushed anhyd. AICl;. After the initial surge of hydrogen chloride gas had
subsuded, the reaction was warmed to reflux and held 30 min. to complete the reaction.
At the end of this period the evolution of gas was virtually nil. Upon cooling, the
mixture set to a mass of crystals which were filtered off. The solid was then slurried
with dil. HCl, ﬁltered slurried with 5% 'NaHCO,, filtered and dried. Recrystallization
from EtOH gave 3.2g of hannoki ester dimethyl ether, mp 124.3°C." Anal. Calcd. for
CuH,Os: C, 67.73; H, 650. Found.: C, 67.45; H, 6.68. NMR (CDCl,/90 MHz) z: 2.38
(1H, d, J=16 Hz), 2.90~332 (6H, m), 372 (14, d, J=16Hz)"560 (2H, t, J=7Hz), 6.11
(6H, s), 6.17 (6H, s), 7.05 (2H; t, J=7 Ha).
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. 4. Isolation of 1,7-dip-hydroxyphenyl)-heptane-3, 5-diol (E-3) (Hannokinol) (ILI)

5g of 5% KOH soluble fraction was placed on a silica gel column (3.8X70 cm) and
then was developed using benzene : acetone (20~1:1) as mobile phase. Eluate No. 652~
752 was collected and concentrated. - The solid obtained was recrystallized from benzene :
acetone (1:1) to give colorless plates (1.5g), mp 165~166°C, [a}¥=+325 (c=053 in
EtOH), and was positive to diazo-reagents, ferric chloride, alkali-alkyl xanthate, and
negative to quinone morxok:hlorimide UV iBQHE mpy : 225, 279.5, 286 (sh); AEGHANOH mp :
227.5, 243, 289, 300; IR wXBIem™: 3,400, 3,270, 1,600, 1,508, 1,110, 840, 800. MS mfe:
316 M+, 298 (M~18), 280 (M-86), 173, 160, 150, 149, 133, 121, 120, 107 (base ion), 91, 77,
65, 51, 39. Anal. Caled. for CoH,O,: C, 72.12; H, 7.65. Found.: C, 72.48. H, 7.68.

4-1. Hannokinol tetrancetate (I1Ia)

E-3 (50 mg) with acetic anhydride (1.0mé) in dry pyridine (1.0 m#) was set aside
over night at room temperature. On being poured into 100 mé of ice-water, the mix-
ture gave an oilly material. In order ‘to purify it, the oilly compound was treated with
ethyl ether, but failed to crystallize. After the removal of ‘ethyl ether, the reactant
dried on P,O; under reduced pressure for one week and gave a faint yellow, viscous
tetraacetate. NMR (CDCL/90 MHz): 2.79~3.08 (8H, m), 502 (2H, quin, J=7 Hz), 7.43
(4H, t, J=7Hz), 7.78 (6H, s), 804 (6H, s), 8.19 (6H, m).

4-2. Oxidation of methylated Hannokinol With KMnO,

Compound III (43 mg): was methylated -with - CH,N, in. the usual procedure. The
reactant was immediatly dissolved 5% KOH (40 m/) and subsequently oxidized with
35% KMnO, accordance with 2-3 (experimental). Recrystalhzatlon from 60% EtOH
gave a crystalline matenal mp 183°C. The mixed mp with an authentic specimen of
p-anisic acid was undepressed.

5. Isolation of 1,7-di-p-hydroxyphenyl-heptane-3-one-5-0l (E-4) (Hannokinin). (IV)

Eluate No. 343~599 of the 4 (experimental) column was collected and evaporated.
A crude solid was recrystallized from benzene:acetone (1:1) to give colorless needles,
mp 131~132°C, [a}8=+420.7 (c=0.72 in EtOH). It gave a positive color test diazo-
rergents, ferric chloride, 2, 4-dinitrophenylhydradine, alkali-alkyl xanthate, and negative
to quinone‘monochl'orimide'ﬁ C UV 2BOB my: 225, 280, 285, 288 (sh); ARG NOHmpy: 246,
288, 298 ; IR vEBr cm~': 3,400, 3,270, 1,690, 1,600, 1,500, 1,110, 840, 800. MS m/e: 314 M,
206 (M-18), 202, 190, 176, 175, 164, 150, 149, 121, 107 (base ion), 94, 91, 77, 65, 51, 43, 39.
Anal. Caled, for CsH»O,: C, 7259; H, 7.05. Found.: C, 72:98; H, 7.18.

5-1. Hannoemm u-lacetate (IVa)

E-4 (02g) with acetlc anhydnde (2mé) in dry pyridine (2 m{) was kept over mght
at room temperature. ‘When the mixture was poured into 100mé of ice-water, the
reactant was oily. In a similar manner as with hannokinol .tetraacetate, the oily
material dried on P;O; under reduced Dpressure to give a pale yelloW viscous substance.
NMR (CDC13/90 Mhz) z: 293 (8H, m), 4.75 (1H, quin, J= 7Hz), 7.23~7.46 (8H, m), 7.77
(6H, s), 8.06 (3H, s), 8.16 (ZH, m).

5-2. Oxdation of methylated hannokinin with KMnO,

As with methylated hannokinol, E-4 (0.3 g) ‘was treated with CH,N, and subse-
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quently oxidized with KMnO,’ The substance obtained had mp 182~184°C and was
identified with an authentic specimen of p-anisic acid on TLC and mixed mp.
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¥ ¥ <oy % Alnus hirsuta Turcz. (Betulaceae) O OHHES B+ 5 mB itk
BERTWRWOT, HFORTERET S BT, XN TR, FOEE, 713~
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AR, =—F ARBRHOBKEREY» O OBORBRENE RV E-1»5 E-9 L5ET) &
vanillic acid # BBl , X &1 syringic acid # TLC ECHEL7:, O E-®F|od, E-2,
E-3 8 XU E-41X, ZTOLENERNOREZMONLTWRWHEEE L DR, i i Han-
noki ester, Hannokinol ¥ X 0¢ Hannokinin & 4L 7. o oRETCIitEe, E-1, E-2, E-3
¥ LU0 E-4 OfbEBEC oW TORRERET 5,

1 E- RAOLABRED UV, IR, MS A~ 7 k4 X OB LS BHOE RS >=>0
P ARMT A LN TED, F—BIE3 EABIVEIDLEW,r LD, IRAR
A G 840~800 cm ™t IC 1, 4- BRFEFEHICHKRTERNHELTHOL, ThbbEHD « FALE
YR B~V HvE» VCHET B L panisic acid BEZX D, 2D LT MS A7 AT
m/e 107 (base ion) (HO)Ar-CH,)* %525 Z bbb EZFEFIh %,

BHOEWEIED UV A2 F A CHE—F L b REERMD 300~310 mp K 3T 12X
Exbh, HERREBDHOR TS, AFA{L D5 ET 2,2 -dimethoxy-5, 5'-dicarboxy-
biphenyl # 5%, BoEHELL T 7 2 =2 8E o T5,

' ’ CH: CHe

C@Cé:bﬁi MS A~ 7 b LT m/fe 211 DAXVYE—~I7BIRTZERL L ST

0 OH
BRTE D, ORI E-L, E-5 E-7Tk XUE-823 BT %,

FERRIBRIOVDOE2ZRBIVE-6 %84, F—RHBIVHEIHI I ABZRIBDLhE
BEETHC LM, UV A= VA LCHEtE 3, ‘

2. Tirdeoxyasadanin-8-ene (E-1) (I)

EoRCETBILAMT, HTR CotleO;s (mfe 204 M¥), m.p. 238~241°C % § b, BT
b7 = 7 —VEKBEOHFEAER SN S, FTRAPOBRETFO 1EHK IR A7 2

CXD o, BRI A=A E UTEEL, Thid7 « = ABEHEL Toinw, 2 FA44EHD
SR, MS AR WA pbBEPRE 72 =2 VBREBLTCW S 2 ER1RDb R, TR
BORER, Pd-C o X EMBTLT, IR A7 b LOTREMMEECHRET S 1615cm™! ©
AT O WIS L O = LK ORIV OBE) (L675 cm 1,600 em~Y) CHEITE 5, B
e OME L ORI L v, E-1 OHEiT trideoxyasanin-8-ene ICHML, 7V 4 b
@%E LB U129, # T E-1 DREEHIT C-C-Cs @ diarylheptanoids icHM4L, X5
. meta bridged biphenyl %5+ 5. |

3. Hannoki ester (f-Guaiacylethyl ferulate) (E-2) (II)

E-2 =8 EL, UV, IR, MS, Ko BHOER, A+t 05 B RL07
€5 — F D NMR A7 + L&p b ferulic acid & homovanillyl alcohol & BB D = A5
B-guaiacylethyl ferulate CHh B Z E HERICHB L LRERL P, 2T, IbREOEED
BB DI dic » F AL OlR B LOERE X - TBEXRFL .
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CE20v 2F = —~F0, mp. 1239°C; NMR DA 2 b AL GEBBOBRENEL L &
R L, DI hannoki ester DY 2 FN = —FARERL THED B7-9I, homover-
atryl alcohol # &KL, D\ 8, 4-dime_thoxy cinnanic acid chloride & &5 X ¢ CTHBE&E %
AL 22, :

ZOYEIIMA 1243°C T, E2 0 2 F AL THLEHE L ORBEBR TR OMAILET
Lisdso e, WED NMR AN 7 pAR—ELT, CORBRLD, E-213 CeCk L U CrC,
DIRFEFHE L D= AT L p-guaiacylethyl ferulate THhH % & DLAOBMEXEL o l, &
DEOMLEHE L THERNKMEE RIS LU+ EBRIA T IV f-phe-
nylethyl cinnamate 23 ¥ <~ + 7> Alnus firma ) BRLATN ST L IXELZHEERE,

4. Hannokinol (1, 7-Di-(p-hydroxyphenyl)-heptane-3, 5-diol) {B-3) .(III)

ZOWEILE 4 LB -HCET B, 5 TFRL CHyO, (m/e 316 M*), m.p. 165~166°C
ZARHL, KFFEETHS (elf=+325), BEERELO7 =/ ~AES IO H7A 2 -1
EABREOHEE, LI UV, IR AR +AsbFOMEHIC p-hydroxyphenyl K% 30 &
VMR I hic, 2 FALP DL BYH p-anisic acid THoTeZ &ik, 2D L HET S,
E-3 @ tetraacetate ® NMR A2y } A2s6, 2{H®D p-hydroxyphenyl #ic li¥3 5 8 D
Tatyv, 207 ./ A ERSIV2EOE TN I L EKBEOFENER IR, X
LBRZEDORyONECHET I AF VY EBEIVTA 2 A ABECHETS 3EDO 21
VERREBShS, TOM~T 2 v RESA LD 2 BOKMESABRS R RE LD = b vt
FhEhBERIN 5,

Thb DEREBETHE, E-3 DRFEFERIL CeCr-Cs © diarylheptanoids i #2411,
Z DBESEIL 1, 7-di-(p-hydroxyphenyl)-heptane-3, 5-diol & B I iz,

COMBELL 1o b DX A fraticosa s XY A. manshurica Dt 187z 1, 7-diph-
enyl-heptane-3, 5-diol XHBR Tk DY, T OWEDILFEHEHR L E-3 OIbmlERzFBEL
2\,

5. Haunokinin (1, 7-Di-(p-hydroxyphenyl)-heptane-3-one-5-ol) (E-4) (IV)

E-4, TR CuHzO, (m/e 314 M*), m.p. 131~132°C, % E-3 L Fl#¢, £—HEL,
KFEHCHEETH S (alf=+207), 2,4-DNHP 35 X ¢ alkali-alkyl xanthate KIShBBH <
By, COWHEIXE-3LRIY ketol DB % 1,2, UV, IR, MS, triacetate ® NMR X
7 b E-3 OFGHBIC—HL, IO FAYERB~ v VBH VBET S & p-
anisi acid % £ HZ L hbHEIN B,

E-3 35 L 0% yashabushi ketol & %@ & ¥ = thO{LERMED k2 S, E-3 & [,
Ce-Cr-Cs DIRFEBEH% L 2 diarylheptanoid TH b, % O##E X 1, 7-di-(p-hydroxyphenyl)-3-
one-5-ol LEL 72,

CORRDOESTH, FRDL> T # v 3 Betula platyphylla DPI 5 diarylheptanoid



50 Research Bulletins of the College Experiment Forests' Vol. XXX, No. 1

D platyphylignel # BMEL -9, = OHE, 7FK CisHxnO; (m/e 314 M*), m.p. 125~126°C,
DALEMHER B LV AS72 P AVORERIE, £< E4 L —FL, #5 TE-4XZD platyphyl-
lonol & BEEMCIIA U L £ X TEFK ATV, LrLBANRE Y, BEERREFHLOT,
LOREONTORFISEREINIRETH D,

trideoxyasadanin-8-éne: DBk L -7 O E 2 2%, Alnus species 1= diarylheptanoids
DERIEEROSDEZHTHD, #37 *BOT7THFHEMLXBELLYE, ~ T v~
B, 8XOZOMD v +BhoREL L WEDWENRTEET S, v ¥~ v/ FHRZ
DEED & A 7 D{LABMEEL, AL v/ FETLHLC L - TOKBEBRORENR
o Tuwd, Thbfibslor5RAMRTSHOMEBETH DA, chemosystematics O 74
LI H IO S SRECH D,



