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THoUGH a number of flavonols with the 5:7:8-arrangement of hydroxyl
groups have been isolated from plants, only one member of the correspond-
ing flavone series has so far been found in them and that is wogonin. Tt was
first isolated by Takahashi! from the roots of Scutellaria baicalensis in which
it occurs along with baicalein. Its constitution was first investigated by
Shibata, Iwata and Nakamura? and later by Hattori.® It was found to
have the formula CgH;,05 and a methoxyl group. By fission with alkali,
benzoic acid and acetophenone were obtained. These indicated that it
was a flavone with the side phenyl nucleus unsubstituted. Diazomethane
effected only partial methylation and the monomethyl ether formed thereby
gave reactions for the presence of a free hydroxyl group in the 5-position.
Complete methylation could be carried out by means of dimethyl sulphate
and alkali and the product, O-dimethyl wogonim, was found to be different
from baicalein trimethyl ether. Further the trihydroxy-compound obtained
by the demethylation of wogonin was not identical with baicalein. Conse-
quently wogonin was considered to be a monomethyl ether of 5:7: @-tri-
hydroxyflavone. From a study of the absorption spectrum Hattori® fized
the position of the methoxyl group as 8 (Formula I). The isolation of
iretol (IT) from the products of alkali degradation of wogonin (Hattori and
Hayashi®) further supported the above conclusion.
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In order to provide synthetic evidence in corfirmation of the constitution
of wogonin, Hattori® proceeded as follows. 2:3:4:6-Tetramethoxyaceto-

phenone (IIT) was treated with aluminium chloride and the product, consi-
dered to be 2-hydroxy-3:4: 6-trimethoxyacetophenone (IV), was fused
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with benzoic anhydride and sodium berzoate according to the method of
Allan and Robinson. The trimethoxy flavone thus obtained was identical
with wogonin dimethyl ether (V) and it yielded on demethylation a tri-
hydroxyflavone different from baicalein and identical with norwogonin.
The constitution of the ketone was, however, indefinite since demethylation
with aluminium chloride could take place in either of the two ortho-posi-
tions. Further Nierenstein® claimed to have obtained the acetophenone (IV)
with a different melting point. As a matter of fact Shibata and Hattori® at
one time felt that the substance was in reality the isomeric 2-hydroxy-4: 5: 6-
trimethoxyacetophenone (VI). Subsequently, however, Hattori’ supplied
indirect evidence in support of the earlier constitution(IV) for the ketone
by the following series of reactions. Antiarcl (VII) was transformed into
its ethyl ether (VIII) which underwent conversion into 2-hydroxy-3: 4-
dimethoxy-6-ethoxyacetophenone (IX) by the action of acetyl chloride
and aluminium chloride. The analogy is based on the assumption that
the ethoxy and methoxy groups can be dealkylated with equal ease.

OCH, OCH, OCH, OCHjg
|

| N om I—IBCO-—-(I\/OW*‘*Q
e L

<« , ‘ -

()

| 1 | 1 CoO
OH OCHj4 OCHg, HyCO
(V1) (1 (1v) )

‘ o‘cmx OCH, OCH, OCH,
| {

H,sco--/\-ocH8 Haco—‘/\’--ocr:[3 H3C0~—/\'——OH Hsco—(!)/oj_<i>ocaa,
YO

' — >
-CO
\|/ \l /T COCH:
OH OC,H; OCyHg OCH,
(VII) (VIII) (IX) xX)

. The Allan-Robinson method was also used for the synthesis of the
higher member of the flavone series and Hattori? claimed the synthesis of
5:7:8: 4'-tetramethoxyflavone (X) by the anisoylation of the ketonec (FV).

Wessely and Moser® employed for their synthetic work 2 : 4-dihydroxy-
3: 6-dimethoxy-acetophenone (XI), a ketone with a definite constitution
However, the Allan-Robinson condensation using anisic anhydride anci
sodium anisate took an unexpected course resulting in-partial demethylation
and the formation of the dimethyl ether of scutellarein (XII); the expected
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5:7: 8compowd (X was obtained in only one cxpcrimcm out of a
Targe vumber, Tuis result win codfirmed by Wessely ard Kalled? who,
however, noticed thet the oot oylotor of the ketone (TV) led to the formation
of the 5: 7 8-compourd (X1t agreement with the observation of Hattori?
no demethyvlaion puaedferep e tdus case widh the normal course of the re-
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Contrary to the reults of Woessely e d Moser® Furukawa ard Tamaki'®
cmad that e core Do of the above dibydroxyketore (XT) proceeded
vormially ooy (DS N A oomethoxy-Thivdroxy flavoae (XET). The benzoy-
Lationr wan gl peporiad o give the normal pwdm,t (Shah, Mehta and
Wherler By whach ot cee wan 518 donethoxy-T-hydrexy-flavone (XTV),
Woroms (XVY was ebbaeed from it by pardal dmethylation and wogonin
dimethy! cther by mcthylation,
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Obviowdy -light and wnderstood changes in the experimental condi-
ot seem o brooe about thee differences in the nature of the products
ard the Albin-Robion seaction has not yielded, in the case of these
flivones, s comaiatentt results as with the corresponding series of flavonols.’?
Sinve authentic samples of the 507 8-hydroxyflavones  and their deri-
vatives were required i conneetion with the study  of plant colouring
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matters in progress in these laboratories, it was found necessary to
synthesise them by the Baker-Venkataraman method starting with a ketone

of unambiguous constitution.

2-Hydroxy-3: 4: 6-trimethoxyacetophenone (IV) has mnow been pre-
pared by a direct method which is free from ambiguity. It involves partial
methylation of 2: 4-dihydroxy-3: 6-dimethoxyacetophenonie (XT). The pro-
duct is, however, found to be identical with the sample obtaincd by the
nuclear acetylation of 1:2:3:5-tetramethoxybenzene according to the
improved method of Baker!® which involves partial demecthylation. The
preparation of the dihydroxy ketone itself has now been simplificd. Tt is
obtained directly from 1:4-dimethoxy-2: 6-dibenzyloxybenzene by the
Hoesch reaction using acetonitrile, debenzylation and condensation taking
place in one operation. Its benzoate (XVI) undergoes smooth rearrange-
ment in the presence of sodamide to form 2-hydroxy-3:4:6-trimethoxy-
dibenzoylmethane (XVII) which subsequently yields 5:7:8-trimethoxy-
flavone (XVIII) when heated with acetic acid and sodium acctate. This
agrees in its properties with the dimethyl ether of wogonin.® The higher
member of this series, 5:7:8:4"-tetramethoxyflavone (XVIII, R == OCHj)
has also been prepared in a simjlar way using the O-anisoyl derivative of
the ketone.
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compound corresponds in ity propertics to the product obtained by Shah,
Mehta and Wheeler by adopting the Allun-Robinson method. Its consti-
tution is definite sinee it has yiclded 3: 72 S-trimethoxyllavone (wogonin
dimethyl cther) (XVIT) on methylation,

Discordant results ave been reported inregard to the action of hydrio-
dic acid on the methyl ethers of (he S:7:8-hydroxyflavones.  Hattori® and
Furukawa and Tamaki® climed (o have obtinned the norma] produets of
demethvlation from WOl Wogonin dimethyl  ether, S-cthoxy-7 : 8.
dimethony iy o ;'-Imimx_\'mf"i:S:4'-(r'inxczimxyﬂumnc. On the other
hund Weesely snd cowothers coticed oner e change foto the 526 7-
Eydiony compound-. Sl Moht g Wheeler™ also met with this difli-
ciltv i the uae of hvdrodie acid and henee they eflfected demaethylation
o wiinnon cidonds which was foued to be free from this defect. At a
hiter st Hugpogg v reviesne the whole position, explamed  that these
diwicpuicns wone due o the dilferent conditions wied by the different
workens and eported that, when cmployed under controlled conditions,
hydoodic wad does not brimg ubout isomeric change. Our experiments
thing warotine dimethyl ether indicate thit by bailing for two hours with
hyduodne sond, oy ity done ordinary demethylations, almost come-
plefe converaon o baicalein Gikes place and this is obtained in gy pure
conditan onervatdlisang the product. 11 has also been chicacterised by
e preparation of e gectate Though under the milder conditions preg-
cribod by Hoanton™ the produet cousists cowentially of norwogoning the melt-
et v irequeatly found o be fow even affor repeiated erystallisation
ned v inder excophional circumstinees s opure sample obtained., Ny
would appear that though the rmomer e change 1w considerably minimised,
et dtorether avoded. Dinder thewe mild conditions sometimes the
demethivhitng 1 e complete. The behaviour of  he higher  member
Cetnanrethony thavone) s gqinte stiilur, Shalt, Mehta and Wheelerht ¢im-
ploved aabvdious alvaumum chlovide in nitrobenzene for (he demethylation
ot sosadimethonss Shsdrosy Havone and ablained  norwogonin,  Fop the
demethiylation of wogomn dunethv] ether we have now employed this reggent
e benzene medinm sinee g miethosyl i the 7-position of flavones is hest
demicthylated 1m0 this solvent Norwogonin thus obtained s o polden
yellaw ervatulline solid melimg at 287 59 and vielding an neetate melting
jxt AN s propertios are qutite different from those of baicalein, the
reactions with wlhal, feoie chdoride and m-benzoguinone being  quite
vhardcterstie.
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EXPERIMENTAL

2: 4-Dihydroxy-3: 6-dimethoxyacetophenone (XDn.—

2: 6-Dibenzyloxy-1: 4-dimethoxybenzene'? (35 g.) was treated with anhy-
drous ether (50 c.c.), freshly distilled acetonitrile (1-5 c.c.) and finely Qowderv
ed fused zinc chloride (1g.). A rapid stream of dry hydrogen c:hlo;ndc was
passed through the mixture during the course of 5 hours, the reaction flask
being cooled in ice-salt mixture. The ketimine hydrochloride began o
separate as a dark brown semi-solid mass and the reaction was completed
by keeping the tightly corked flask in a refrigerator for two days. The ether
was then decanted and the residue of the ketimine hydrochloride washed
twice with 20 c.c. portions of dry ether. It was dissolved in water (50 c.c.)
and the hydrolysis effected by heating the solution on the boiling water-
bath for 1 hour. On cooling, it deposited the crude ketone as a practically
colourless crystalline mass with a small quantity of resinous matter. It was
filtered, washed and crystallised twice from hot water (charcoal) when the
dihydroxy ketone was obtained as bunches of long colourless ncedles
which melted at 128-129° (Wessely and Moser® give m.p. 129°): Yield, 1-5 g.
It was freely soluble in alcohol and dissolved with a pole yellow cclour in
aqueous sodium hydroxide and aqueous sodium carbonate. Tis alcoholic
sclution daveloped a violet-brown colouration with a drop of ferric chloride.
(Found: C, 56-7; H, 5-9; C;;H;, O5 requires C, 56-6; H, 5-7%).

2-Hydroxy-3: 4: 6-trimethoxyacetophencne (IV).—

A mixture of the above dihydroxyacetophenone (lg.), dry acctone
(5c.c.), dry benzene (50c.c.), anhydrous potassium carbonate (3g.) and
acid-free dimethyl suiphate (0-5c¢.c.) was refluxed on the water-bath for
12 hours. The inorganic salts were then filtered off and washed with a
small quantity of warm benzene. The benzene filtrate was washed twice
with water and then extracted with 5% aqueous sodium hydroxide. On
acidification with hydrochloric acid, the alkaline extract yvielded the
partially methylated ether as a pale brown solid. It was filtered, washed
with water and crystallised twice from dilute alcohol. Yield, 0-8 g. 1t was
obtained as pale yellow stout rectangular prisms melting at 113:l 14°. It
dissolved in aqueous sodium hydroxide to a pale yellow solution and gave
a reddish brown colour with ferric chrolide in alcoholic solution. (Found :
C, 58-6; H, 6-5; C,H,,0, requires C, 58-4; H, 6-2%). For the sub-
stance obtained by the nuclear acetylation of 1:2:3: S-tevtramethoxybenzenc
Baker'? gave the melting point of 103~105°. Its melting point cou]d now

be raised to 113-114° by repeated crystallisation and it is identical with the
sample described above.
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2-Benzoyloxy-3: 4: 6-trimethoxyacetophenone (XVI, R = H).—

2-Hydroxy-3: 4: 6-trimethoxyacetophenone (2 g.) was dissolved in dry
pyridine (10 c.c.) and treated with benzoyl chloride (1:5c.c.). The mixture
was heated on a boiling water-bath for 30 minutes and then added to ice-
water contaming a little dilute hydrochloric acid; the oil that fitst sepa-
rated solidified to a crystalline solid on stirring. It was filtered off, washed
with very dilute hydrochloric acid and water and dissolved in sufficient
quantity of ether. The ether solution was washed with 5% aqueous sodium
carbonate and 5% aqueous sodium hydroxide to remove any acid and un-
changed hydroxyketone. After a final washing with water it was dried over
calcium chloride and the solvent distilled. The colourless crystalline solid
residue was recrystallised from alcohol and alcohol-benzene mixture when
the benzoyl! derivative was obtained as rhombohedral prisms and melted at
124-125°. Yield, 2-5g. It was insoluble in aqueous alkali and gave no
colour with ferric chloride in alcobolic solution. (Found: C, 65-4; H, 5-5;
CisHy306 requires C, 65-5; H, 5:5%).

2-Hyd:oxy-3 . 4. 6-trimethoxydibenzoylmethane (XVII, R = H).—

The O-benzoyl derivative (3 g.) was dissolved in dry toluene (30c.c.)
and treated with sodamide (10g.) finely powdered under toluene. The
mixture was heated on a steam-bath for five hours with frequent shaking
and left overnight. The yellow solid was then collected, washed well with
warm benzene, dried and added in small quantities to crushed ice. When
all the unchanged sodamide was decomposed, the yellow solution was filtered
to remove insoluble impurities and saturated with carbon dioxide. The
dibenzoylmethane separated as a deep orange-yellow oil which solidified
in the course of about an hour. It was collected, washed and crystallised
from benzene-light petroleum mixture; yield, 1-5g. On recrystallisation
from the same solvent, the dibenzoylmethane was obtained as long, stout
rectangular prisms and melted at 132-133°. It dissolved in aqueous sodium
hydroxide to give a bright yellow solution and gave an intense reddish-
brown colouration with ferric chloride in alcoholic solution. (Found:
C, 65-7; H, 5-5; C,gH,504 requires C, 65-5; H, 5-5%).

5:7: 8-Trimethoxyflavone (wogonin dimethyl ether, XVIII, R = H).—

A mixture of the dibenzoylmethane (I g.), glacial acetic acid (10.c.c.) and
fused sodium acetate (2 g.) was gently boiled over a wire-gauze for 4 hours.
On dilution with water the trimethoxyflavone separated as a colourless
crystalline solid which was collected, washed and crystallised twice from
dilute alcohol. Tt wag obtained as colourless, long narrow rectangular plates
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i °: i . Hattori® gives m.p. 167-
jsms melting at 166-167°: yield, 0 ‘7 g. “( cs m.p. I
?gg")pl ISIts solution in concentrated sulphuric acid was yellow qnd ‘:xhlb@d.
no fh;orescence. (Found in material dried at 120° for two hours in vacuo:
C. 69-3; H,5-4; CigH;05 requires C, 69-2 ; H, 5-1%)-

2 -4-Dibenzoyloxy-3: 6-dimethoxyacetophenone (XJX).—

A mixture of the dihydroxyketone (XI, 2 g.), dry pyndmc (1.0 (.L) dr:i
benzoyl chloride (3 g.) was heated on the_ watfal'-bath for 3Q Tn;fw{u‘tu: (;Lt
then added to water containing hydrochloric acid. Tl}c scml-hg 1¢ ‘pm ulc
obtained, was worked up as in the previous bffnzoylatmn. After LTXS&,"I i-
sation from alcohol, the dibenzoate was obtained as colour'lcss }')l-l&,-}ﬂd'tlc
rods and melted at 117-118°. It was insoluble in aqueous sod_mm hyctl ()de(?
and gave no colour with ferric chrloride in alcohol :folunon. (Found:
C, 68-6; H, 5-0; C,,H,,0, requires C, 68-6; H, 4-8%,).

Rearrangement of (XIX).—

Sodamide (6g.) finely powdered under toluene, was added (o the
dibenzoate (2 g.) in toluene (30c.c.) and the mixture heatcd on the wu.tcr»
bath for 4 hours. It was yellow in the initial stages and rapld-ly acquired
a greenish tinge. The solid product was collected, washed with tolucl}e,
and dissolved in ice-water; the solution was filtered and saturated with
carbon dioxide. Not much solid, however, was precipitated in this case,
and the entire mixture was therefore extracted with ether, The cther solu-
tion, after drying over sodium sulphate, was distilled leaving an orange-
yellow semi-solid which gradually solidified when left in the refrigerator for
24 hours. It was filtered and crystallised from benzene-light petroleum
mixture when rhombic prisms were obtained: yield, 0-5g. It melted
between 117-125° and appeared to be a mixture of 2-hydroxy-4-benzoyloxy-
and 2:4-dihydroxy-3: 6-dimethoxy-w-benzoylacetophenones; it was used
ditectly for the next stage in the synthesis. It dissolved in aqucous sodium

hydroxide to an yellow solution and gave a reddish-brown colouration with
ferric chloride in alcoholic solution.

7-Hydroxy-5 : 8-dimethoxyflavone (XX).—

The foregoing product (0-4g.) was dissolved in glacial acetic acid
(5 c.c.), freshly fused sodium acetate (I g.) added and the whole gently boiled
over a Wire-gauze for 4 hours. - The mixture was diluted with water (50 c.c.)
and the precipitated pale-brown crystalline solid filtered and washed with
a small quantity of water and alcohol. It was dissolved m 5% aqueous
sodium hydroxide and the bright yellow solution filtered to remove some
msoluble residue. The flavone was then reprecipitated by passing carbon
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dioxide into the clear alkaline solution. It was filtered, washed with hot
alcohol, acetone and ether, and finally crystallised from ethyl acetate.
7-Hydroxy-5: 8-dimethoxy-flavone was then obtained as long rombohedral
plates and it melted at 286-287° (Shah, Mehta and Wheeler®* record m.p.
287-288%): yield, 0-3g. It was very sparingly soluble in the common
organic solvents and dissolved in aqueous sodium hydroxide to a bright
yellow solution. It gave no colour with ferric chloride in alcoholic solution
and dissolved in concentrated suiphuric acid to an yellow solution without
any fluorescence. (Found: C, 68-3; H, 4-8; C,,H,,0; requires C, 68-5;
H, 4-7%).

To a suspension of the above hydroxyflavone (0-2 g.) in dry acetone
(25c.c.) were added acid-free dimethyl-sulphate (1c.c.) and anhydrous
potassium carbonate (2 g.). The mixture was heated under reflux for 12
hours, the potassium salts filtered and washed with warm acetone. The
acetone filtrate was concentrated to small bulk and diluted with water. The
precipitated methyl ether was crystallised from dilute alcohol when it was
obtained as colourless nartow rectangular plates and prisms melting at
166-167° and identical with authentic 5:7:8-trimethoxyflavone already
described. |

5:7: 8-Trikydroxyflavone (norwogonin) .

Wogonin dimethyl ether (0-2 g.) was dissolved in dry benzene (12 c.c.)
and freshly powdered anhydrous aluminium chloride (1-0 g.) added ard the
mixture gently refluxed on a water-bath kept at 80-85° for one hour. After
cooling, the solvent was decanted and the orange coloured solid residue
decomposed with ice and dilute hydrochloric acid.  Finally, the mixture
was diluted with water and heated on a boiling water-bath for 15 minutes.
The colour of the solid turned golden yellow. It was filtered and washed.
The product appeared crystalline and melted at 252-254° sintering a few
degrees ecarlier. A recrystallisation from rectified spirits yielded golden
yellow rectangular rods and prisms melting at 258-60°. Further recrystalli-
sation did not raise the melting point. ‘Shah et al'! gave the melting point
as 250-51°. (Found: OCHj, nil; C, 66-8; H, 4-0; C;zH,,05 requires C,
66-7; H, 3-7%). When to an alcoholic solution of the substance a drop
of ferric chloride solution is added, a brown colour is obtained which in-
tensifies to a deep reddish-brown on further addition. With a very dilute
solution of the reagent and using just a drop it is possible to get a péle green
colour, but further addition yields the deep reddish-brown. A similar degp
reddish-brown solution results on adding an alcoholic solution of, p-benzo-
quinone and a brown precipitate is slowly formed. With 2% aqueous alkali
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it forms an immediate brownish-red sotution which instantaceously changes
into pale blue; this slowly fades to a very pale yellow. With. a buffer
solution of pH 12:2 an orange-yellow solution is obtained which fades
rapidly to a pale yellow colour in the course of a few minutes.

The acetate of norwogonin was prepared by boiling the hydroxy-
flavone with acetic anhydride and a drop of pyridine for 3 hours. It
crystallised from ethyl acetate as colourless rectangular rods melting
275°-226°. Hattori’ gave the melting point as 216-17°. (Found: C, 63 53
H, 4-2; CyH,e0s requires C, 63-6; H, 4-1%).

2-Anisoyloxy-3: 4: 6-trimethoxyacetophenone (XVI, R = OCHyg).—

A mixture of the acetophenone (IV, 2g.), dry pyridine (10c¢.c.) and
anisoyl chloride (2 c.c.) was heated on the water-bath for 30 minutes. The
pale-brown solid obtained by adding ice-water containing hydrochloric acid.,
was filtered, washed with very dilute hydrochloric acid and water, and
treated thrice with 50c.c. portions of cold ether to remove unchanged
original ketone. After two crystallisations from alcohol the anisoyl deri-
vative was obtained as rombic prisms melting at 173-174°: Yield, 3-0 g.
It was insoluble in aqueous sodium hydroxide and gave no ferric reaction.
(F()und: C, 633; H, 57; C19H2007 ICqUiI'CS C, 633; H, 56%)

2-Hydroxy-3: 4: 6: 4 -tetramethoxydibenzoylmethane (XVII, R == OCHy).—

The O-anisoyl derivative (2-5g.), dry toluene (30c.c.) and finely
powdered sodamide (8 g.) were used for the rearrangement. The di-
benzoylmethane which was precipitated from the alkaline solution as a
yellow solid, was crystallised twice from benzene-light petroleum mixture.
It was thus obtained as yellow narrow rectangular plates melting at 155-156°:
yicld, 1-4g. It dissolved in aqueous alkali to give an yellow solution and
its alooholic solution developed a reddish-brown colouration with ferric
chlo/r/ide. (Found: C, 63-3; H, 5:6; C;Hy0, requires C, 63-3; H
5-6%). '

5:7:8: 4"-Tetramethoxyflavone (XVIII, R = OCH,).—

’

A mixture of the above dibenzoylmethane (1g.), glacial acetic acid
(10c.c.) and sodium acetate (2g.) was gently boiled over a wire-gauze
for 4 hours, and then diluted with water; the tetramethoxyflavone was
precipitated as a colourless crystalline solid. Tt was twice crystallised
from alcohol when long needles and narrow rectangular plates melting
at 209-210° were obtained: Yield, 0-8g. (Wessely and Kallab® give
mp. 208°; Hattori’ gives m.p. 207-208°). It was moderately soluble in
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alcohol, more so in acetone and acetic acid. The yellow solution in con-
centrated sulphuric acid exhibited no fluorescence. (Found: in material
dried at 120-125° in vacuo for two hours: C, 66:6; H, 5-5; Cy3HyOs
requires C, 66-7; H, 5-3%). |

SUMMARY

Since there was an element of uncertainty in the methods employed
in the past for the synthesis of 5:7: 8-hydroxyflavone derivatives, an un-
ambiguous method has now been worked out. The required ketone,
2-hydroxy-3: 4: 6-trimethoxyacetophenone has been prepared by the
partial methylation of 2:4-dihydroxy-3: 6-dimethoxyacetophenone which is
obtained directly from 1:4-dimethoxy-2: 6-dibenzyloxybenzene by the
Hoesch reaction. It has been converted into 5:7:8-trimethoxyflavone
(wogonin-dimethy] ether) and 5:7: 8: 4'-tetramethoxyflavone by the Baker-
Venkataraman procedure. Even the above dihydroxyketone could be
used for this purpose fairly satisfactorily and it yields as an intermediate
stage 5: 8-dimethoxy-7-hydroxyflavone. Demethylation with hydriodic acid
even under mild conditions is not satisfactory. Nor-wogonin is best
obtained by employing anhydrous aluminium chloride in benzene solution
for this reaction. |
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