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Studies on Wood Phenolics (IID)* **

Identification of Sakuranetin from Wood of Haplormosia monophylla
HARMS (Leguminosae)

Akira Sato,*** Yoshioki Havasui*** and Koichiro Kitao¥¥*
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An African wood, IDEWAY (Haplormosia monophylla Harms) grown in Gabon is
imported in our country, and used for furniture and veneer industries. It resembles
Afrormosia spp. or teak in appearance. This report is concerned with the finding of
sakuranetin and (I) sakuranetin chalcone (IV) in this wood. Sakuranetin (4/, 5-
dihydroxy-7-methoxyflavanone) has been found from a few kinds of trees which belong
to Prunus spp. (bark and wood)*?®, Eucalyptus sp. (kino)* and Juglans sp. (bark)®.

Fig. 1. (1) sakuranetin (1I) naringenin
(III) isosakuranetin (1V) sakuranetin chalcone

Major parts of ether soluble material was predicted to belong to so-called ‘‘phenolic
compounds,”” because eighty percents of the ether extracts was soluble in (A) 5%
sodium carbonate and (B) 5% sodium hydroxide solution. ,

From fractions (A) and (B), four components (Rf value—0.39, 0.48, 0.52, and 0.56)
and two (0.52 and 0.56) were detected respectively on silicagel thin layer chromato-
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grams (TLC) using diazotized benzidine or ferric chloride as spraying reagent, and
toluene : formic acid : ethyl formate (5:1:4, v/v) as developer. Among the com-
ponents described above, compound I (Rf 0.52) and compound II (Rf 0.56) were suc-
cessfully isolated by silicic acid column chromatography using the solvent system of
chloroform : acetone. Yield of the compound I was 0.07 % and that of the compound II
was (.23 9% against dried wood meal. FEach compound was identified as described
below.
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Fig. 2. UV Absorption Curves of Sakuranetin.

The result of magnesium—hydrochloric acid test for flavonoid compounds was posi-
tive, and showed crimson coloration as is the case with flavanones. The compound II
also showed other color reactions ; yellow for conc. sulfuric acid, hydrochloric acid or
sodium hydroxide, purple brown for 1 % ferric chloride, pink for 1 % aluminium chlo-
ride (also a blue fluorescence under ultraviolet light), and violet to brown with conc.
nitric acid. Among the alkaline (potassium hydroxide) degradation products, p-hydro-
xybenzoic acid was identified with using TLC-chromatogram. Therefore, this compound
is considered to be a kind of flavanone bearing one hydroxyl group at position 4’.

Compound II, white needles, melted at 74-75°C, and its elementary analysis required
a monohydrate, C;¢H,,05:H,0. Molecular weight was 297 (Theor. 304) in acetone.
Methoxyl content was 9.84 9% (Theor. 10.2 %).

Diacetate, chalcone acetate and monomethyl ether of the flavanone showed reasonable
results with those from sakuranetin, in melting points and IR spectra, respectively.
These data and others given below agreed well with previous results?-® and were in
support of identifying this compound as sakuranetin (4’, 5-dihydroxy-7-methoxyflava-



Sato, Havasar, Kitao : Studies on Wood Phenolics (III)

none).

The compound I (Rf 0.52), vellow needles, melted at 164-165°C, elementary analysis
required a molecular formula, C;¢H4O05. Molecular weight was 288 (Theor. 286).
Magnesium—hydrochloric acid test was negative. The chalcone which was derived
from synthesized sakuranetin according to the Puri and Seshadri’s procedure® from the
isolated ﬂévar}one coincided with this yellow compound. It is not decided whether this
chalcone is an artefact produced during isolation.

TLC data could not distinguish the flavanone isolated above from naringenin-7-
monomethyl ether which was synthesized from naringenin (II). The diazomethane
treated flavanone and naringenin dimethyl ether were identical on the TLC chromatogram.

In the ultraviolet absorption spectrum of this flavanone in ethanol, a typical peak
for flavanones appeared as shown in Figure 2. The imax. was 287 mp (e=18,720,
literature showed 287 mye in sakuranetin). Bathochromic shift of peaks due to adding
of sodium acetate, aluminium chloride or sodium hydroxide were 0, 21 and 137 mp in
each case. It was confirmed that hydroxyl groups were present at positions 5 and 4’
of the flavonoid skeleton, but not at 7.
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Fig. 3. UV Absorption Curves of Sakuranetin chalcone.

The yellow compound showed one broad peak suggesting a chalcone at Amax. 368
my (e=27,880), and this peak was shifted little by adding of sodium acetate, but batho-
chrorﬁically shifted by 30 mp with adding of aluminium chloride, and 56 my with adding
of sodium hydroxide. This result is in accordance with the 4, 2/, 6’-trihydroxy-4’-methoxy-
chalcone (Amax. 370 my, given in Horowitz and Jurd’'s literature”).

IR absorption spectra of the isolated flavanone (ve., 1650 cm~') and synthesized
sakuranetin and also their acetates agreed satisfactorily with each other. The shift of
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carbonyl absorption from synthesized flavanone (1715cm-!, Fig. 4) could be accounted

for the effect of hydrogen bonding between hydroxyl group at 5 and carbonyl group at
4 and the effect of methoxyl group at 7.
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Fig. 4. IR Spectra of sakuranetin (lower) and sakuranetin diacetate (upper).
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Fig. 5. IR Spectrum of sakuranetin chalcone.

IR spectra of the chalcone obtained from the wood and the synthesized sakuranetin
chalcone also coincided with each other. (Fig. 5)

Further, NMR spectrum of the flavanone could be interpreted satisfactorily and
the assignments, in which Batterham et al.® and Grouiller’s papers'® were useful, for
peaks are given in Table 1.
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Table 1. Nuclear magnetic resonance data of sakuranetin.

Absorption (1) J (c/s) Relative intensity Assignment

—2.00 (singlet) ' 1H C-5 (-OH)
2.67 (doublet) 8 2H c-2', ¢
313 ¢ » ) 8 2H c-3, 5
3.92 (singlet) 2H C-6, -8
4 .64 (quartet) 1H C-2
4,50 (singlet) ‘ 1H C-4' (-OH)
6.20C » ) 3H C-7 (-OCHsy)
6.90 C » ) » 1H C-3 trans
7.12 (doublet) - 1H C-3 cis
8.30 (singlet) 2H water

Tetramethylsilane was added as internal standard. Sample was dissolved in warm

deuterochloroform.
Experimental
Apparatus

Unless otherwise stated, melting points were determined with the Yanagimoto micro-
melting point apparatus using a microscope and results were not corrected. Ultraviolet
absorption spectra were measured with the Shimadzu QB-50, infrared absorption spectra
(KBr disc) with the Jasco IR-S, NMR spectra with the Varian A-60 at 60 Mc/sec.
Molecular weight was determined with the Mechrolab vapor pressure osmometer 302.
Thin layer chromatograms were carried out using Silicagel G (Merck).

Preparation of phenolic fraction

Finely ground heartwood (1040 g) was extracted with ether using large sized Soxhlet’s
extractor fitted with 31 receiver for 12 hours until yellow color of the extract disap-
peared. After evaporating under reduced pressure, 58 g (5.6 % on wood meal) of viscous
brown material was obtained. The material obtained was treated with aqueous 5 %
sodium bicarbonate, 59 sodium carbonate, and 5 9% sodium hydroxide successively to
give fractions 3.1g (5.4%), 27.0g (47.1 %) and 18.7¢g (32.6 %) respectively. Neutral
fraction 3.1g (5.4 %) (residue from above alkaline treatment) and ether-insoluble sub-
stance 5.5g (9.6 %) produced during alkaline treatment were not investigated further.
Column chromatography

A glass column (bcmXx50cm) was filled with 400g of silicagel (0.2-0.5 mm)
with chloroform, and 10g of the sodium- hydroxide soluble fraction, dissolved in a small
amount of ether, was transferred on the top of the silicagel layer. The column was
eluted successively with chloroform, chloroform-acetone (80 : 20, v/v, and 50 : 50, v/v),
acetone and methanol. White needles from condensed eluate from chloroform, yellow
needles from condensed eluate from chloroform-acetone (80:20 v/v) were obtained.
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Both were recrystallized twice from boiling 60 % aqueous ethanol. The yields were
2.43¢g (0.239%) for white needles (double melting points, 75° and 140°) and 0.78g
(0.075 %) for yellow needles (m.p. 164-165°).
Sakuranetin

The white needles melted after repeated purification at 74-75° and 139-140°C.

- Found: C, 63.17%; H, 5.32%
Calcd. for C15H1405‘Hzo: C, 63.170/; H, 5.31%

Molecular weight determined in acetone was 297 (Theor. 304). Methoxyl content was
9.84 %5 (Theor. 10.3 %). Ultraviolet absorption maximum in absolute ethanol appeared
at 287 mp (e=18,720).

Preparation of sakuranetin from naringenin'

To 200 mg of naringenin (commeércial product, containing a small amount of im-
purities which was detected chromatographically) in 10 ml of ether, was added one ml.
of diazomethane-ether solution, then after adding a few drops of methanol, kept at room
temperature for a short time. Sakuranetin was isolated from the mixture of the products
by column chromatography with 20g of silicagel and elution with chloroform. On
recrystallization from aqueous ethanol it melted at 67° (96 mg). IR spectrum and Rf
value of TLC coincided with the natural flavanone obtained above.

Sakuranetin monomethyl ether

Two hundred mg of the flavanone was dissolved in 5ml of methanol and added 5 ml
of ether solution of diazomethane (5 ml). After keeping in a refrigerator overnight, the
solvent was removed and the residue was recrystallized from methanol. White crystal
melted at 110°C (liter. 117°C),!" and yield was 100 mg.

Sakuranetin acetate

Three ml of acetic anhydride was added to 500 mg of sakuranetin, and further a
drop of sulfuric acid, after a while the reaction mixture was poured into 100 ml of
water. Crude products were extracted from the aqueous solution with ether and crystal-
lized from a few ml of ethanol to give acetate melting at 96-97°C (liter. 97°).?

Another acetylation product of sakuranetin was obtained by refluxing sakuranetin
in acetic anhydride with sodium acetate. This acetylation product melted at 141-142°
(liter. 132°).1v

Found: C, 63.699% ; H, 4.99 %

Calcd. for CypHz004, C, 64.10 % ; H, 4.89 %
This product was essentially an acetate of sakuranetin chalcone which was produced
by the cleavage of the dihydropyrone ring of sakuranetin followed by the introduction
of three acetyl groups.

Sakuranetin oxime

Five hundred mg of sakuranetin, 300 mg of hydroxylamine hydrochloride and 200
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mg of sodium acetate were dissolved in 5ml of ethanol and refluxed for 2 hours. After_
removing ethanol; the residue was dissolved in 10 ml of water and filtered. Pale yellow
needles were obtained after recrystallization from hot 50 9% ethanol. The yield was 520
mg which melted at 88°C (dehydration) and 190-192°C (liter. 195°).2

Found: C, 63.54% ; H, 5.06 % ; N, 4.62%
Calcd. for C;H;s0sN : C, 63.78 % ; H, 5.02% ; N, 4.65%

Preparation of Sakuranetin chalcone

Fifty mg of the flavanone was dissolved in 10 ml of 5 9 aqueous sodium hydroxide
solution and heated on a hot plate at 60°C for one hour. Color of the solution changed
into deep orange from yellow. After cooling, the reaction mixture was neutralized with
5% citric acid, and extracted with ether. TLC chromatogram of the reaction product
revealed the presence of unchanged sakuranetin and the yellow chalcone in nearly equal

amounts. Rf value of the latter coincided with that of chalcone obtained from the
wood.

Alkaline degradation

Two g of potassium hydroxide, 4ml of water and 120 mg of the flavanone was
heated in a 50 ml nickel crucible for one hour at 200°C. After cooling, solid material
in the crucible was crushed with a glass rod and dissolved in 30 ml of water. Filtrate
through a glass filter was acidified with 2n-sulfuric acid and extraéted with ether.

Sixty mg of -the ether soluble material was obtained, and a small portion of this material
was applied to TLC for identifying phenols in the degradation products. TLC chroma-

togram of silicagel G was developed with the solvent system of toluene: formic acid:.
ethyl formate (5:1:4, v/v) and sprayed with 2 9% ferric chloride solution. Yellow

spot of p-hydroxybenzoic acid was clearly identified among several spots at Rf value
0.50.

Sakuranetin chalcone
The yellow needles isolated from wood melted at 164-165°C. Ultraviolet absorp-

tion maximum appeared at 368 my (e=27,880) in absolute ethanol. Molecular weight
in acetone was 288 (Theor. 286).

Found: C, 66.77 % ; H, 4.98 %
Calcd. for Cy¢H;40s: C, 67.20 % ; H, 4.93 %

The acetate prepared with boiling acetic anhydride and sodium acetate melted at
142-144°C.

Found: C, 63.65% ; H, 4.95%
Calcd. for ngHzoOsZ C, 64200/, H, 489%
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Summary

Sakuranetin (4/, 5-dihydroxy-7-methoxyflavanone) has been isolated from the ether
extract of the wood of Haplormosia monophylla Harms (family Leguminosae, subfamily
Papilionatae), an African wood, in a yield of 0.23 %. It seems to be the first case that
the compound was found in the wood of Leguminosae other than Prunmus sp. (bark
and wood), Eucalyptus sp. (kino) or Juglans sp. (bark). The above fact is much in-
teresting in the view of chemo-taxonomy. The isolated compound was confirmed
chemically also. with the aid of UV, IR, and NMR spectra. Another compound, sakura-
netin chalcone has been also isolated and confirmed from the same wood, but this
compound might be an artefact produced during isolating process.
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