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Part 1

Synthesis of Gentisin, the yellow
ecolouring matter of Gentien root.
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Vany of the naturally occurring iellow colouring

matters belong to the xanthone (I) or flavone (II) group.

Co0) SunY

Fuxenthone, gentisin, mangoutiﬁ and ravenilin are the
naturally ococurring manthones.

Xanthone was first synthesised by Kolbe and Tauter-
nannl by the mction of phosphorus oxychloride on sodium
salicylate. Xanthones have since then been obtained from
salicylic acid and its derivatives by employing various
dehydrating agents. By distilling a mixture of scetic
anhydride and salicylic acid,2 xanthone is obtained in
about 307 yield, & reaction in which it is supposed that
phenol is first formed which reacts with salicylic scid
to form the xanthone, and it has been shown that in this
reaction the addition of one molecule of phenol increases
the yield of the xanthone. This has been developed into
a general method for the synthesis of xanthones;and
various hydro:yxanthonoe;z'2:g-nthydroxyxanthono.3
gentisin,4 and cuxnnthone5 havé‘ﬁeen synthesised by the

distillation of a mixture of o-hydroxycarboxylie aold,
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and the appropriate phenol with acetie anhydride.
Yanthone c¢an also be obtained by the thermal

rearrangement of nhenylaalioylato,s” and by the

action of warm sulphurie aoide on o-phenoxybenzoic acid.

\ obtained xeanthones by warming phosphoric esters

Fosse

of phenols with potassium carbonate.
Diphenylether-o-carboxylic acids, which c¢an be

conveniently prepared by the interaction of sodium pheno-

lates and @-chlorobenzoic acids in presence of copper

powdor,lo

can be cyclised to xanthones. This method has
been very extensively used for the synthesis of various

’ 11
xanthones, such as 1l- and 3-nitroxanthone, euxan-

12 and ravonilin.l5

thone
N 14
Nishikawa and Robinson  have describéd an elegant
synthesis of xanthones. In an attempt to prepsre an
0:0'~dihydroxybenzophenone (III) by the Hoesch reaction
between an o-hydroxybenzonitrile and phloroglucinol,

they observed that the intermediate ketimine hydrochloride
on treatment with dilute alkali gave the xanthone (IV)

OH SH
(1) (™)
in place of the expected benzophenode (1II). The mecha~-

nism of the reaction is not yet clear, as to whether the
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ketimine hydrochloride exists as the phlorobenzophenone

derivative (V) or as the xanthene derivative (VI).
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Rcilbronls has suggested that the latter is more prebsble,
because 2:3:4:2'-tetrahydroxybenzophenone does not ring-
close on treatment with water at 100°.
Schonberg and woubasherl® have obtained the xsnthone

(VIII) by heating the coumarandione (VII) at 200° in an

"o QICO
~~0" o

() ()
atmosphere of carbon dioxide. This method involves a large
number of steps and the preparation of the intermediate
(VITY) s rather difficult.

Euxanthone ,isolated from the urine of cattle fed on
meango leaves ,was shown by Baeyerl? to be 1:7-dihydroxy-
xanthone (IX). It has been synthesised by the distilla-
tion of = mixture of quinol carboxylic acid and

presoreylic mcid with acetic anhyaride,d and also by an
Tllmann's reaction between 2-ghloro-6-methoxybenzoie
ac1d12 gnda hydroquinone monomethylether followed by ring

closure and demethylation of the intermediate benzophenone.



Vengostin has been isolated from the skin of the

OH + OoH
Ho COOHHOOC —_— ¢ OH

HO X(XX’
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fruit of Garcinia mangostina. From a study of the reac-

tions of mangostin ani_lta degradation products, z.'urakamilg
hes suggested its constitution to be (X). The structure
of the terminal dkyl group marked with an asterisk is
still undetermined.
Ravenilin_ isolated from the dried mycellum of

Helminthosporium ravenilii was shown by Robinson and

eollaboratorsl? to be Z-methyl-l:4:8-trihydroxyxanthone
(XI). It has been synthesised by Mull and Nord , by

carrying out an Ullmenn reaction between 3-bromo-2:5-
dime thoxytoluene and 2-hydroxy-6-methoxybenzonitrile,
followed by hydrolysis and ring closure of the interme-
diste benzophenone. The tetramgthoxyxsnthone thus
obtained on demethylation gave- ravenilin. Recently the
study of metabolites of micro-organisms has led to the

isolation of a few more xanthome pigments, e.gz.
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rubrofuserin and aurofucarin from Pusarium graminearium.
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The oonstitut}on of the former hes been sugmested by a
study of its Absorption spectra to be either 2:8-
dihydroxy-l-methoxy-V-methylxanthone or 2:1-dihydroxy-
8-methoxy-7-methylxanthone.

Gentisin, the yellow colouring matter of Gentiamna
lutee (gentian root), was first isolated by Henry and

2o and was shown by Baumertzl to pessess the

Caventou,
formula Cy,Hy0g. Hl&iswetz and Hebermann®> demonstrated
the presence of two hydroxyl groups and one methoxyl;

but when fused with potassium hydroxide, it zave phloro-
glucinol and gentisic acid. Koetaneek123 by demethylation
of gentisin with hydriodlg aéid. showed it to be a mono-
methyl ether of gentisein, I:S}E:trihydroxyxanthone (XI1)
which was synthesised by Kostanecki and Tambor4 by the
distillation of gentisic acid and phloroglucinol in

presence of acetic anhydride. Gentisein on methylation



yielded gentisin, while gentisin on further methylation

gave a monomethyl ether.‘ The methylation of gentisin to

LG W O™
Ho
(0/\\\-\ H3c° OH WO ohn

(X1) () (F)
8 monomethyl_end not a dimethyl ether, indicated that the

original methoxyl was not in the l-position. Centisin
therefore had to be formulated as the 7-methyl ether (XITT)
or the 3-methyl ether (¥IV). In order to determine which
of these two monomethyl ethers of gentisein was identiocal
with gentisin, Kostanecki and Tambor >4 attempted to =yn-
thesise the 7-methyl ether by distilling & mixture of
2=hydroxy-5-methoxy benzoic acid, phloroglucinol and

acetic anhydride, but they found that the product consisted
of a mixture of gentisein, its dimethyl ether 2nd a very
small quentity of gentisin. This synthesis did not afforad
econclusive proof of the constitution of gentisin, as the
possibility of its production from esentisein by methyla-
tion could not be excluded.

By a study of disazobenzene-gentisin, which formed a
diacetyl derivative, Perkinzs‘auggeateﬁ that gentisin
should be the 3-methyl ether (XTIV). If (XITT) represented
gentisin, the diazo coupling would have taken place in the
2:4-positions, and Perkin had found that such disazo



resorocinol derivatives did not undergo acetylation under
the usual condition=. The comstitution assigned by Perkin
to gentisin has now been confirmed by an unambiguous syn-

thesis. Shinoda~°

synthesised the 7-methyl ether (XIIT)
by a TToesch reaction between S-methoxyselicylonitrile and
phloroglucinol, followed by cyclisation, snd found that
it was different from centisin. e have synthesised the
3-methyl ether (XIV)! by the following scheme, "hich has
proved to be identical with natural gentisin.
z-chlor6;5~nltrobonzon1trile did not undergo Hoesch
reaction with phloroglnoinol to give 2~-chloro-5-nitro-2"';

4':6'-trihydroxybenzophenone which could be rine-closed to

W —a O thm

(X)) V///////
NorollVonorMonon

(= ™ () (%X)
—

28
7-nitro-~1l:3-dihydroxyxsnthene (*vI). Orito has reported
a similar steric hindering effect of the o-chloro group

in benzonitriles in Hoesgch resction. Recours: was



therefore takén to the Hoesch reaction between S-nitrosali-
cylonitrile (YV) and phloroglucinol, following the method

14

of Nishikawa and Robinson™ for l:3-dihydiroxyxanthone,

which gave the required 7-nitro~l:3-dihydroxyxanthone
(XVI), mep. 295-2906° (diacetate, m.p. 182-183°). Yumoto>C
who prepared (XVI), by k similar method quotes the m.p.
281-282° (discetate, m.p. 162-163 ). Heduotion of (YVT)
with alkaline hydrosulphite gave the 7-amino-1l:3~dihydroxy
xanthone (XVII), which on dieszotisation and hydrolysis by
354 sulphuric“aoid yielded gentisein (XJT). “hen (XVT)
was methylated by means of dimethyl sulpvhate and alkali,
the ether (YVIIT) was always contaminated with a little

of the dimethyl ether, and the pure monomethyl ether was
not isolable even after repeated crystallisation. It
could, however, be readily obtained by methylation with
diazomethane (one mola.) in ether solution. The nitro
compound (XVITI) was then reduced to the amine (XIX) by
iron and acetic acid. On diezotisation of the amine

( ) and hydrolysis with 407 sulphuric acid, 1:7-
dihydroxy-3-methoxyxanthone (XIV), m.p. 266-267°, was
obteined, identicsl in all its Properties with natural

gontinln?

* ye are groatly indebted to pr. s. T. Peter of the
University of lLeeds for a sample of natural
gentisin, isolated by Professor A. G. Perkin.




EXPERIMENTAL

2=-Chloro-5-nitrobenzonitrile. o-Chlorobenzoni-

trile was prepared by the method of Montagu029 by sub-
jecting diazotised o-chloroeniline to Sandmeyer reaction,
with the differonco that durineg the resction, the
reactants were covered with a layer of benzene, =0 that
as the nitrile was formed, it was extracted into the
benzene layer, otherwise some decomposition of the
nitrile took place. 2-chloro-5-n1trobenzonitrile,30
MeDe 106% was prepared by the nitration of o-chloro-

benzonitrile by nitrating mixture at room temperature.

5-Nitrosalicylonitrile(xv)32s33 s-yitrosalioyl-

°
aldehyde (m.p. 126 ) was prepared by the nitration of

31 ana the mixture of 3-nitro and 5-

salicylaldehyde,
nitrosalicylaldehyde thus obtained was separated by
fractional orystallisation of their sodium salts from
water, in which the sodium salt of the former was more
soluble. 5-N1tro-2-hydroxybgnzaldoxlne, prepared in the
usual manner, crystaliiaec from_ alcohol in stout, colour-
less needles, m.p. 219-20° (Found: N, 15.1. Cglighia0,
requires N, 15.37). G5-Nitrosalicylonitrile obtained on

treatment of the oxime with boiling scetic enhydride for
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2 hours and subsequent hydrolysis of the scetate (m.p.
55-560) either by 5/ warm sodium hydroxide solution or
by heating with water on the water bath for 2-3 hours,
crystallised from water in straw-yellow, long silky
needles, me.p. 194-96° (walkeraz, m.p. 194-96°; Bone“°,
190°) (Pound: N, 17.2. Cg H,Ng0g Tequires N, 17.1%).

The nitrile dissolves in sodium bicarbonate solution with

effervescence, and gzives a deep red colour with ferric

chloride.

?-Nitro;i:3-dih1drg;yxanthonc (XvI): Through a
cooled solutioh of 5-nitrosalicylonitrile (3.3g.) and
phloroslucinol (2.5 g.) in dry ether (150 c.c.) contain-
ing 2 g. of freshly fused zinc chloride, a slow stream of
dry hydrogen chloride was passed for 5 hours. The oil,
which first separated in about an hour, gradually dissolved,
giving a deep red solution. A deep orange o0il again sepa-
rated after 4 hours. The mixture was left in & refri-
gerator for 72 hours, the ether decanted off, the deep
orange viscous oil washed twice with ether, and takem up
in 107 aqueous csustic soda. On boiling for an hour,
when no more ammonia was ifoljﬁﬁj the deep brownis" red
solution was filtered from unreacted zinc hydroxide. The
7-nitro-1l:3-dihydroxyxanthone, obtained by acidifying
the filtrate, orystallised from alcohol in light yellow,
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shining flat plates (1.7 2.), m.p. 295-96° (Found: N,5.3.
C1zHali0g requires W, S.1%). It gives a brownish violet
colour with ferric chloride, and a deep red colouration
when shaken with sodium emalgam in water.

Its diascetate prepared by refluxing with acetiec
snhydride and pyridine . crystallised from alcohol in colour-
less needles, m.p. 182-83° (Found: N, 4.1. C9H31N0g
requires N, 3.9%).

7-Am1no-}:s-dihydroxlggnthono (XVII): 7-Nitro-1l:3-
dihydroxyxanthone (0.2 =.) was discolved in one per cent
sodium hydroxide (20 e.0.), heated to 70°, and sodium
hydrosulphite added till the reduction was complete, at
which stage there was a marked change in the colour of
the solution from orange to yellow. The amine, precipi-
tated by acetic acid, orystallised as its hydrochloride
from water containing hydrochloric acid in yellow needles
(0.14 g.), m.p. 318-20° (with charring) (Found: N, 4.9.
Cyafl1oC1NO, requires W, ).

1:3:7-Trihydroxyxanthone (Centisein) (XII): The

amine hydrochloride (0.l g.) Qaa dissolved in a mixture of
o P and

water (10 c.c.), acetic acid (2 g.c.) and concentrated

hydrochloric acid (0.2 c.c.), cooled, and diazotised by

sodium nitrite (0.03 g.). After keepin- at 0-5° for 1%
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minutes, excess of nitrous acid was destroyed by urea,
and the diazo solution slowly added in about § minutes
to 30 c.c. of boiling 354 sulphuric acid. Boiling was
continued for 5 minutes, when the diazo salt had comple-
tely decomposed, as tested by Pe-naphthol. On cooling the
solution, the yellow product was ether extracted, and the
ether removed. The pinkish yellow residue crystallised
from dilute alcohol in thin yellow needles (0.05 g.),

o In the material dried At 120: under vacuum
m.D. 314~-15 (Vostaneoki and Tambor™, 315 (Found/t C, 63-6>
H,3-5 . CyaHglg requires C, 63.9; 7, 3.3%). The
substance dissolves in agueous sodium hydroxide to form
an orange sodium salt and & yellow solution; gives a
brownish green colour with fe?rio chloride; and 2 blood-
red colour when vigorously chaken with sodium emalgam

in alkali.

1:3:7-Triacetoxyxanthone, obtained by refluxing

(XTT) with acetic anhydride and a2 drop of pyridine,

erystallised from acetic acid in long, thin necdles, m.p.
34 o

225-26° (KXostanecki,”® m.p. 226°\Found: C, 61.8: .9.

Ci9H140- requires C, 61.&; H,
7-Nitro-l-hydroxy-3-methoxyxanthone (XVIII): 7-Nitro

1:3=dihydroxyxanthone (0.27 g.)f;as dissolved in ether
(150 c.c.), and diazomethane (0.04 g.; 1 mol.) in ether
was added, and the mixture kept at the room temperature

for one hour with occasional shaking, when a yellow
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shining mass of erystals separated. After 12 hours in
the refrigerator, the product was filtered (0.23 g.).
It erystallised from acetic acid (if boiled for =2 long
time, partial acetylation takesp place) - or from benzene
in light yellow, thin, rectengular plates, m.p. 249-50"
(Found: N, 4.9. Cy4HgNOg requires N, 4.9%). The
substance gives a2 reddish brown colour with ferriec chlo-
ride. It does not dissolve in aqueous alkali, but in
alcoholic sodium hydroxide it zives a sparingly soluble
orange sodiui\aalt. _
The acetate obtained by refluxing with acetic
anhydride and pyridine, cerystallised from acetic acid
in long, thin colourless needles, m.p. 263-64° (Founa:
N, 4.5. C,qH,,N0, reguires N, 4.2%).
7-Amino-l-hydroxy-3-methoxyxanthone (XIX): The

nitro compound (XVIII; 0.2 g.) was suspended in 30 c.c.
of boiling alcohol containing acetic acid (3 c.c.), and
iron powder (0.2 ge.) was added to it in the course of
an hour, when the nitro compound graduelly dissolved,
giving a brown solution. It was refluxed for a further
30 minutes, filtered from the ﬁﬁieaoted iron, most of
the aleohol boiled off, and 2 G.Ce Of concentrated

hydrochloric acid added, when the amine hydrochloride
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was precipitated, The smine erystallised as its hydro-
chloride from 150 c.c. of water containing hydrochlorie
aeld, in- bunches of short, thin, flat colourless needles
(O.iﬁ'g.) which shrank at 270° end melted at 273-75°
(with charring) (Found: N, 4.8. 01431201304 requires
N, 4.77). The smine, liberated by neutralising the
agueous solution of the hydrochloride with sodium carbo-
nate, erystallised trom alecohol in long, thin, greenish
yellow needles, m.p. 215-16° (Found: N, 5.2. C14H7180,
requireas ¥, 5.4%¢). The alcoholiec solution rives a brown

eolour with ferric chloride.

A cooled suspension of the hyﬂ?oohloride (0.15 g.) in
acetic acid (4 c.o.),-iater (2 cec.), and hydrochlorie
aclid (0.2 c.c.) was dlazotised by means of sodfum nitrite
(50 mg.). The emine hydrochloride dissolved slowly, and
after keering for 15 minutes, excess of nitrous scid was
destroyed by ures, anﬁ the diazo solution added sowly

to boiling 40% sulphurie acid (30 c.c.), and boiling
continued for 10 minutes, when the solution gave no

test for a diazo salt. On cooling and dilution, a yellow
product separated, which was collected, and erystallised
from alcohol. The long, light yellow, shining needles
(0.09 g.), softened slightly at 258-50° and melted at
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266—670, being identicel in behaviour with a sample of
natural gentisin. A mixture of the synthetic substance
and gentisin gave the same m.p. (Found: C, 68.4; H, 4,2,
Cy4H100g recuires C, 65.1; W, 3.9%). The substance
exhibits all the properties descoribed for natural gentisin
It dissdlves readily in alkali #ith a golden yellow
colour, and gives an olive-green colour with ferrie
chloride. 7hen heated and shaken with sodium amalgam

in water, it gives & deep green solution, which on
aoidiflgatlon,givee a cherry red precipitate. In con-
centrated sulphuric acid it gives a yellow =olution,
which on standing develops a bright green fluorescence,
which earlier workers have not recorded. We have found,
however, that naturasl gentisin behaves similarly.

The diacetate, obtained in the usual manner by
treatment with scetic anhydride and nyridine, cerystallised
from alcohol in long thin needles, m.p. 195-96°, not
depressed when mixed with the diacetate prepared from
natural genti-in (Hlaiswetz and Habermenn®”, m.p. 196.5°)
(Foumd: C,63.6 ; H,L-2 ._\Giaﬁ;ipy requires o, 63.2;

H, 4.1%).
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The dibenzoate,obtained by chaking s solution of
the compound in 107 sodium hydroxide with 6-8 mols. of
benzoyl chloride, cryatallised from aleohol in bunches
of short thick needles, m.p. 192° (Kostageoki and

Tambor.4 MaePe 1920.).
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Part IT

Synthesis of partially methylated
volyhydroxyflavones and flavonols.



19

Polyhydroxy and partially methylated polyhydroxy-
flavones are widely distributed in plants. The = nthesis
of flavones wilth varying orientation of hydroxyl and
methoxyl grouﬁa has been one of the ms jor problems in
synthetic flavone chemistry.

Amongst the older methods for the synthesis of fla-
vones, the method of Kbstaneoki and Emlloviz,l by the
treatment of o-acetoxyechalkone dibromides with alcoholie
alkali, snd that of Fostaneeki end Tambor,- by the sction
of hydriodic scid on o-ethoxydibenzoyl methanes obtained
by the sction of ethyl-o-ethoxybenzoate on acetophenone
are the most important. These methods are limfted in
application and heve been largely superseded by the more
convenient end widely applicable methods of (1) Allan

5 which involves the condensation of the

and Robinson,
appropriate o-hydroxyscetophenone and the anhydride and
alkalil salt of the anpropriate aeid; and (2) that due to
Beker; and to Mahal end Venkatargman,® which starts with
the @-benzoyl derivative of the 9-hydroxyketone; these

are converted under the influence of potassium carbonate

or sodamide into the corresponding dibenzoylmethanoa,'
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which are subsequently cyclized into the flavone by a

suitable dehydrating agent. Wheeler and co-workers have

ocoPia H i
coc\.\?,_'} coCHLoPIN —>

shown that nod!un6 in toluene and sodium ethoxide’ can also
bring about this transformation. It has been observed that,
though these reagents are of general apnlicsbility, spe-
cific reagents have to be used in some cases for bringing
about the reerrsengement of the aroyl ester to the required
diketone. In the present investigstion, it was observed
that with most of the nitro-aroyl esters, very good

yields of the corresponding diketones were obtained by
using potassium carbonate or metallic sodium in toluene,
but in the case of 2-p-nitrobenzoyl-4:6-dimethoxyaceto-
phenone (XVII), these reagents failed to bring about the
rearrangement, only sodemide in toluenme or bengzene yielded
the corresvonding diketone (XIVIII); while 4-nitro-2-acet¢yl-
l-naphthyl benzoate (VI) could not at a2ll be rearranged to
the corresponding diketone by any of these reagents.
Similarly Bnkor‘ggjgf**a have reported that 2-benzoyloxy-
3:5-dime thoxyacetophenone d;d hot undergo rearrangement to
to the corresponding diketone wﬁggbtroated with sodamide in
toluene. In the case of 2-acetylresorcindibenzoate, Iyer
working in this laboratory hes found that only sodium

ethoxide in alecochol gave the diletone, which on eyelisation
gave S-hydroxyflavone; sodemide in ether gove an inter-
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nediate product whiohz;ing-oloaure gave 3-benzoyl-5~-hydroxy-
flavone, while potessium cerbonate in toluene gave the 3-

o B Covoe, F
benzoyl-5~hydroxyflavone. sinilarlylo-banzoyl-l-aooto-
2-naphthol, which is discussed later (Part ITI, p. 62 ),
only sodium ethoxide in alcohol gave the eorresponding
diketone.’ Mo general explanation has yet been found for
the difference in the behaviour of these various reagents
in different ceses.*

One of the earlier explanations given for the
Robinson resction was the infern.diato forma tion of
O-aroylacetophenone, which then dehydraste to give the
flavone. Chavan and Robinson"r*' observed that o:2:4:6-

oW (Reo),0 o\coR o ]
cocwy™ RcooNa ) cortMs T 7

tetrahydroxyacetophenone on dehydration, by treatment
with potassium acetate in boiling alcohol or better by
sodium acetate and acetic enhydride, followed by hydro-
lysis yielded galengin. Mahal (Ph.D. Thesis, Punjad
University) has shown that ¢ -methoxyresacetophenone-

dibenzoate (I) on thermal rearrangement gave an inter-

Poco coP , o

CoCHyOCHy J OCH}
(X)) (1)

mediate produot, which on treatment with sulphuriec acid,

¥

See Appendix I



cave 3*-methoxy-7-hydroxyflavone (IT7). Tt has been
observed that the ester (I) does not ~ive the flavone
(IT),merely by treatment with eyclizing agents such as
benzoyl chloride and a drop of concentrated sulphuric
acid. However, by treating the ester (I) with potassium
carbonate in toluene the flavanol ether (IT) was obtained,
which shows that the conversion of (I) into (IT) 1t not
merely a caese of dehydration but one of rearrangement,
followed by dehydration. "“hen the ester (T) was treated
with sodanide‘in ether, a colourgléss crystalline product
m.p. 118-20°, was obtained from whose analytical dsta the
constitution could not be deduced.

It has been definitely demonstrated by Baker® that
the Robinson reaction involves the intermediste formation
of a dibenzoylmethene.

Mehal, Rei and Vankntaraman9 have shown that chal-
kones and flavonones in general, when subjected to the
action of selenium dioxide in amyl alecohol or xylene
yield flavones. Wutchins and ~heelerlo observed that
chalkone dibromides give fiavones, when they are either
heated above their melting boiq%for treated with boiling
aleoholic potassium cyanide.

Modifying the Robinson flavone synthesis by using
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benzyloxy o benzoyloxy derivatives in the acoibphonono
or the acid anhydride roaofant, to take advantage of the
easier removal of ©-benzoyl and benzgyl groups in compa-

rison with the O-methyl, partially methyleted polyhydroxy-

flavones such as kaempreride}z iaofhamnetin.I?

14 15 16
diosmetin, , tricin, and rhamnazin, have been

myrioet1n13

synthesised.

The obsnrvationlz that by the action of 2luminium
chloride under specified conditions preferential demethyla-
tion in thé s;bositlon takes place in methylated polyhydro-
xyflavones, has been utilised for the synthesis of 5:8- |

18 and several partieslly methyleted

dihydroxyflavone,
polyhydroxyflavones such as gankwanin,lg ﬁogonin,go
teotoohrysin,zl and primetin-8-methyl ether.>2 Hydro-
bromiq¢ acid in acetic 2c14%% gan also be used for the
same purpose. It has been found that the Z-methoxyl
is also suseeptible to demethylation by aluminium chlo-

23 and

ride and by hydrobroming ac¢id in ecetic acid,
this has been used by Seshadri and Venkateswarlu + for
the synthesis of galyecopterin’ and rhewnazin, It was
observed>> that hydrobromih§ aoiﬁ-in acetic acid at room
temperature attacked the s-neth;xyl in preference to the

S-me thoxyl
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Potassium persulphate which is a well known reagent
for the nuclear oxidation of hydroxy aromatic nuclei,has
been used in a very ingenious wey by Seshadri and co-
workers25 for the facile nuclear oxidation in the flavones,
for the introduction of one more hydroxyl group in the
fused benzene ring of the flavones para, and sometimes
aven ortho, to the existing hydroxyl group. In this way
a number of flavones like gossypnetyin, 8-hydroxyealsngin,
norwogonin, isonorwogonin, wogonin, primetin,
calycopterin and nebilitin have been synthesised from the
corresponding hydroxylffevones. |

Perkinz6 obtained the disazo dyes from naturally
occurring colouring matters derived from resorcinol end
phlorogluc inol, by coupling with diazo salts. WMahal and
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Venkataraman prepared from €~-hydroxyflavone the 5=

benzeneazo derivative, which has been reduced, dis-otised
and hydrolysed to the corresponding dihydroxy oomponndze.
¥hile this method has obvious possibilities for the
synthesis of polyhydroxy and partially methylated poly-
hydroxyflavones, omvr altornqté~rgg}e to the intermediate
emines would be through the ooréeaponding nitroflavones.
The introduction of & hydroxyl group through the diazo

coupling reaction has the limitation that the new group
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cen only be located ortho or para to a hydroxyl group e=n

originally present in the 2-phenyl or the fused benzene
rine of the flavone molecule. Proceeding through a nitro-
flavone there will be a greater latitude resarding fhe
pozition of the hydroxyl sroup to be introduced. The
exploratory eiperinents desoribed in tris part show that
the method may be utilised for synthesis in the flavone
and iso-flavone seriez. Nitroflevone could be synthesised
either by direct nitration of the flavones or by starting
from the appropriste nitroaroyl chleride or nitroaceto-
phenone. The latter method has the adventage of the
certainty of the position of the nitro group, and thes
of the hydroxyl group in the hydroxyflavone being synthe-
sised, end we have mostly followed the latfer method.
Bogort,89 in a study of the nitration of flavones,
nitrated oJd-nsohthaflavone to a2 mixture of £'=, 3'- and
4'=pitro-d-naphthaflavone, which were separated as their
amines, the latter beeing thed¥ characterised after
diazotisation as their Pensphthol dyes. WHe also vrepared
2'~hydroxy-<~naphthaflavone ffqm,the corresponding amine
via the diaszo salt. Suglsawaso'bropared S~amino-6~hydroxy
flavone from the corresponding acetamido compound, but

failed to hydrolyse it to the corresponding dihydroxy-
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flavone. Virkar31 in a study of the rearrangement of
nitroaroyl esters prepared some initroflavones, which were
reduced to the corresponding amines.
4-Hydroxy-<4-naphthaflavone, &=hydpexy-denaphthefin-
¥one, 7:4'-dihydroxyflavone, 4'-hydroxy=-7-methoxyflavone
(isopratol) and 5:4'-dihydroxy-7-methoxyflevone (genkwanin)
have now been synthesised by hydroly=ing the corresronding
aminoflavones, through the diazo salts, the amines being
obtained by the reduction of the nitroflavones. The
nitroflavones were obtaimed by rearrangement of nitroaroyl
acetophenones, through the intermediste diketones.
p-HNitrobenroyl-2-acetyl-l-naphthol (ITT) wes rearranged
by votassium carbonate in toluene to the corresponding ‘
diketones (IV), which on cyclisation with cold concen-

trated sulnhuric acid gave 4'-nitro-<~naphthaflavone

0€0C¢HLNG, oH (\)\ R
Cochy CocHLOCgHLUNO, I
(1) (6172 I (&) R=No, ,NHsvOR

P

(Vs R=NOy). The nitroflavone 6n reduction with iron amd
acetic acid gave the correspondine aminoflavone (V, R::Nﬂz).
The diezo selt of the aminoflavone could be hydrolysed very



readily and in a good yield to 4'-hydroxy- “=naphthaflavore
(V, R=0H) only by bdoiling with 30f sulphuric acid, after
the complete removal of free nitrous acid; if a higher
concentration of the acid was used or there was some

free nitrous ecid bye~products were formed,

O-RBenzoyl=4-nitro-2~ngetyl-l-naphthol (VI) was

ocoPh ocCo P ZB—O
9N CoCH; %3N COCHy R ¢
(=) () (TX) R= NN o NH,

prepared by the benzoylation of 4-nitro-"-ncetyl-le-naph-
thol, This did not undergo reasrrsngement, this showing

that 4-nitro group in the acetophenocne nucleus inhibits
the rearrangement of aroyl esters to the eorreccponding

diketone, Deliwels and Sheh®> have observed a similar
inhibiting effeect by the nitro group in the resaceto-
phenone nucleus to the formation of coumarins by conden-
sation with acetoacetic ester. d4-Benzeneazo~2-acetyi-

0s et

bo .
1-naphthyl [(VII, see part ITI, p.54), however, smoothly
D aad
rearrenged to the corresponding diketone (VIIT)
with potassium oarbonate in toluene. The daiketone

was ring-closed to the ocorresponding flavone
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(IX, R= N:NPh), which on reduction tifh hydrogen under
pressure in presence of Raney nickel gave 6-amino- A=
naphthoflavone (IX, = NHy). During hydrolysis of the
diazotized amine decomposition took place, and the required
hydroxyflavone could not be obtained.
0-Di-p-nitrobenzoylresscetophenone (X' was rearrenged
by potassium ¢arbonate and toluene to the diketome (XI),
which on cyclisation gage 4'-nitro-7-hydroxyflavone
(XII, R=NOg). It was reduced to the amine (XIT, E = NH, ),
which on diazotisation and hydrdlysis, es in the previous
csses, gave 7:4'-dihydroxyflavone (XII, R=0f), 4'-Nitro-
7-methoxyflavone (KIII; R=N0g), prepared by methylation
of the correspondin~ hydroxyflavone, was reduced to the

smine (XIII, R= NHy), which was diazotised and hydrolysed

Ro oR R oH
COCHy CoCH, R

(X) R=colgHyNoO, (X1) R=cogH NO,
O
O OO
(&
(xm) R=19;, ;N H,evoH (Xw) R= NO, 5 N evOH .

a® in the previous cdse, to 4'-hydroxy-7-methoxyflavone
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Genkwanin (¥¥IT) was synthesised by.Nakao and
Tsang,lg by the Robinson rgaotion between phloreceto-
phenone and alkali salt and anhydride of p-benzyloxy-
benzoic acid, followed by partial methylation snd de-
benzylation; and by ishal and Venkatarsmanl® by the
oxidation of 2-hydroxy-4:6-dimethoxy~4'-benzyloxystyrylke-
tone by selenium dioxide to the corresponding flavone,
followed by debenzylation and partial demethylation with
eluminium chloride. Genkwanin (XXII) has now been -
synthesised from the corresponding nitroflavones through
the aminoflavones. The tri-p-nitrobenzoyl esater of
phloracetophenone (XIV), prepared by condensing _p-nitro-
benzoyl chloride and phloracetophemone in pyridine under
specified oonditions,géve on rearrangemexit with potassium
sarbonate in toluene and =ubsecuent treatment with
concentrated sulphuric acid in the cold, the px 3-p-
nitrobenzoyl=4'~nitro~5:7-dihydroxyflavone {xV), whieh
could not be hydrolysed to 4'-nitro~5:7-dihydroxyflavone

QoOo& ' Hmjom;‘ ) HoOi:\/”—_\-/ o,
. YNOy
ORcocH3 we . DY

XN R= <o CHyNO, (X0 Gan)

(XVI)«. vhen the resrrangement was cerried out with
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sodium ethoxide in aloohol, the ester was merely hydro-
lysed. The p-nitrobenzoyl ester of 4:6-0-dimethylphlorsceto
phenone (XVII) was then prepsred; it coul@ not be re~-
srranged to the diketone by means of potassium carbonete

or metallic sodium in toluene, the ester remaining

unaffected, but zsve the diketone (YVIII) when treated

P — MR

(XTE) R=C oMo, CEEZ) | QS:K)

OO s OO s ory=Om
OH | “3(0 Cl \.\3(0 l

(xax) (XXT) (=X

with sodamide in henzene or tolueme. This oyolisation
geve 4'=-nitro-5:7-dimethoxyflsvone (7ZIX), vhich erystal~
liced in two dimorphiec form; on reduction both zave the
game amine (X7). Diaszotisation of thé amine and hydro-
lysis gave the S~monomethyl ether of fGenkwanin (¥XI),
which on trestment with algmiﬁium chloride in nitrobenzene
Yggnkwaninf. -

The probability thet ppuddumetin, isolated by
Chekravarti and Chosh®3 from the bark of Prunnus puddum,
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is identical with Genkwanin, has been sugrested by
Venkataraman.a4 The identity hes been confirmed by taking
a mixed melting point of puddumetiﬁ*and genkwanin now
synthesised.

Algar and Tflynn11

have accomplished the synthesis
of flavonols from chalkones by oxidation with slksline
hydrogen peroxide. Applying this reaction,the 7-methyl
ether of 3:7:4'-trihydroxyflavone (XXV) has been synthe-

sised in one step by the oxidation of the corresponding

H ¢ ! 1)

chalkone (XXITI) which was prepared by the condensation
of 4-methyl 9ther of resacetophenone and p~hydroxybenzal-
dehyde. This shows that in the oxidation of chalkones to
flavonols a free hydroxyl group in the 4'-po=ition does
not interfere and this model. experiment indicates a very
simple route for the'synthaaisnot flavonols with a free
4'-hydroxy group like rhemnezin,l® rhamnetin®® ana

36
rhemnoeitrin , which commonly occur in nature.

E3
w thankful to Dr. B. X. chakravarti of the
gaiggtta University for axsample of Puddumetin

isolated by him.
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Of the other two monomethyl ethers of 3:7:4'-trihydroxy
flavone (XXV), the 4'~methyl ether was synthesised by Meap

and Robinsonsq

by Hobinson reaction between Pebenzvl-
oxyresacetopheione and sodium salt and anhydride of anisiec
acid, followed by debenzylation, and the 3'-methvl ether
by Gulati (Ph.D. Thesis, Punjab University) by the
Robinson reaction between W-methoxyresacetophenone snd
sodium salt and enhydride of p-benzyloxybenzoie aciad,
followed by d?benzylatiom.

lotoflavin, the natursl eolouring matter of Lotus
arabicus was sﬁown by Dunstan and Henryss to be 5:7:27:4'~-
tetrahydroxyflavone. But the synthesis of 5:7:27.4v~
tetrahydroxyflavone (XXVI) by Robinson snA Venlataraman©®?

indicated
end by cullinane?® et al /kzxvxsxvrexrszEsxzy rXEXEXTELX

ac H3

(XxXWY)
its non-identity with lotoflavin. The properties of

38

lotoflavin gtrimethyl ether” , which crystallises in

dimorphic forms with different melting points were. more

b}
characteristic then those of lotoflavin. Tt wes therefore
considered desirable to synthesise 5-hydroxy-?:2':4'—.

trimethoxyflavone (XXVII) for a comparison with lotoflavin
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trimethyl ether. 2-Hydroxy=-4:6:2%:{'-tetrauethoxy
chalkone, m.p. 152° (XXVIII) was prepared by the conden-
sation of B—resorcylaldehyda dimethyl ether with phlorace~
tovhenonedimethyl ether im slcoholie sodium hydroxide
solution. This has been prepared in e similar wenner by
Kostanecki gﬁ_gl@l who quote the m.p. 152°, sna by

¥itter and quha*a, who quote the m.p. 124°., The chalkone
was treated with selenium dloxide in amyl alcohol =nd

the product ebtained after removal of amyl slcohol was
0(“3 ?C H;

gl G
H
Hfo wgo

() ’ (T‘})

a mixture of the tetramethoxyflavone (T 1Y) and the
unconverted chalkone (XXVIITI),vhich could not be sepa-
rated by erystallication. Chromatoersphing also feiled
to effeet nny separation. The mixture could only be
separated by teking it uplin benzene, extracting it
repeatedly with 27 alcoholie sodium hydroxide containing
80% aloohol, vhich extracted only the unconverted
chalkone. The benzene exfiae?f?ﬁ eveporation snd ery-
stalli=zation from slcohol gave the tetremethoxyflavone
(XXTX), mep. 174% in ebout 15 yleld. Thic poor yleld im

the conversion of the chalkeones to the flavone might



probably be due to the steric effect of the methoxyl
group in the 2'~position. 4 szmsimilar difficulty
in the .conversion of the chalkone (XXVIII) to the

corresponding flavanone has been reported by Kostanecki41

ovnd MillEy & GuhaP-
et al{ who obtained the flavanone im a very poor yield

and by any of-the usual methods for the coaversion of
challiones to flavanones. When the demeihylation ef—the
of the tetramethoxyflavone (AXIX) was tried with hydro-
bromic acid‘}n acetlie acid, it formed an insoluble red
oxonium salt which doecomposed fo the teﬁramethoxyflavone ,
(XXIX) on washing with water. Domethylation with aluminium
chloride in nitrobenzene ultimately yielded the trimethyl
ether which erystallised from aleohol in yéllow

needles, m.p. 163°. Its scebate ecrystallised from
aleohol in eol urless needles, m.p. 164-65°. Dunstan

and Henry>® nave reported that lotoflavin trimethyl

ether crystallised in dimorphic forms f om methyl

aleoholj the Llesser soluble form crystallised in

rosettes of bright yellow n§ed1e s M.pe 125°, and the
more soluble form crystallisé@vin ol¢ zold lustrous

long silky needles, m.p. 175%, Both these gave the
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same scetate, m.p. 147°. Thus lotoflavin trimethyl
ether and acetyltrimethyl lotoflavin do not correspond
with S-hydroxy~7:2':4'-trimethygxyflavone and S-acetoxy-
7:2¢ :4'—triemthoxyflav_ono.
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EXPERIMENTAL

3=Methoxy-7-hydroxyflavone (I1):

03-yethoxyrasaoetopﬁenonedibenzoate (I) was prepared
by treating ®-methoxyresacetophenone with benzoyl chlo-
ride (2.2 moles) on the water beth for 50 minutes. It
erystallised from alcohol in colourless needles, m.p.
76=77° (Mahal; m.p. 76=77°). w-pethoxyresacetophenone
dibenzoate (1 g.) in toluene (10 ce.c.) and freshly
ienited potassium carbonate (3 g.) were refluxed on the
water bath for 8 hours, the solvent removed under vacuum
and the residue stirred into dilute scetic ascid. The
precinitate was filtered and cyystallised from aleohol
in colourless needles (0.2 g.), m.p. 230°, not depressed
when mixed with a semple prepered earlier by WMahel

(Allan and Robinson, m.p. 227°).

with sodamide.

The ester (1 g.) in dry e%ﬁZr (20 c.c.) and sodamide
(1 g.) was mechanicslly stirred at 0° for 8 hours and left

overnight at the same temperature. fthe sodemide was
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filtered, it did not yield any product on acidification.
The ether filtrate on evaporation gave s semi sticky
80l1id which on rubbing with alcohol became an amorphous
powder. It corystallised from alcohol in small colourless
plates, m.p. 118-120° (0.15 g.) (Found: C, 65.4; H, 4.3.
The diketone CpzHiglg requires C, 70.8; 7, 4.6/. The
flavone CygHy20,4 requireé G, 71.6; H, 4.50). It gives a
red colour with ferric chloride in an alcoholic solution.
Tt forms en insoluble yellow sodium salt with aqueous
sodium hydro;ide, and is unaffected by treatment with

eold ooncentrétod sulphuriec acid.

4'-Nitro~d~naphthaflavone (V4 R = Nbg):

2-Aoeto-1-naphtholfgrnitrobenzéate (I1T), obtained
by heating scetonaphthol (10 g.) in pyridine (40 ce.c.)
and p-nitrobenzoyl chloride (1 mole, 10 g.) for half an
héur on the water bath, orystallised from alcohol or
benzene in light yellow thick needles (16 g.), m.p.
151-152° (Found: N, 4.4. C19H1308N requires N, 4.2%)
(Virkar,°t m.p. 151°). The ester (4 g.) in toluene
(30 c.c.) and freshly ignited pptassium carbonate (12 g.)
was refluxed for 8 hours with  mechanical stirring,
toluene filtered off, the orange red mass washed with

benzene, dried end stirred into dilute acetic acid, and



the diketone (IV) ecollected (3 g.). It orystallised from
acetic acid in yellow thin long needles or from ascetone
in yellowish orsnge needles, m.s. 222° (Foundl N, 4.0.
C1ofizsOgh Tequires N, 4.27) (Virkar,®l m.p. 222°).
4'-Nitroflavone, obtained by diluting e solution of the
diketone (1 &.) in concentrated sulphuric ascid (20 c.c.)
after having been kept overnight, crystallised from
acetic acid in long thin light yellow plstes, m.r. 293°
(Found: N, 4.5. Ojgl))04N, requires N, 4.4%)(Virkar,31
m.p. 293°).

4'=pmino-cenaphthaflavone (V, R = Nﬁg):

To a boiling solution of the nitroflavone (0.5 g.)
in acetic acid (5 c.c.),iron powder (0.5 g.) was added in
about one hour's time, refluxed fxm for another half an
hour, the unreacted iron filtered, the dark brown solution
diluted, and the greenish yellow emine collected. It was
erystallised as its hydrochloride from weter containing
hydrochlorie acid in bunches of small orange needles
(0.4 g.); when heated it discolours and melts at 250-251°
(Found: N, 4.4. CygHy40pNC1 requires N, 4.3%). The
amine ,obtained by neutralising a solution of the hydro-
chloride with sodium carbonate,erystallised from dilute
aleohol in lomg thin light yellow plates, m.p. 2650
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~ ' 3,
(Virkar,31 m.p. 265°, non-erystalline). %he yellow
solutions in alecohol and in sulphuric acid exhidbit,a

bricht green fluorescence.

4 '="ydroxy-<-naphthaflavone (V, R = 0H):

The smine (0.l g.) was dissolved in water (50 c.c.)
containing hyﬁrochlorio acid, eooled and diszotised by
sodium nitrite (0.03 g.). After keeping at 0.5% for ten
minutes, excess of nitrous acid was destroyed by urea,
and the diazo. solution slowly added to 307 boiling
sulphuric acid (100 c.c.), when some frothing due to the
evolution of nitrogen took plsce, and the diazo solution
wae almost immedistely hydrolysed as shown by testing
with alksline B-nephthol. If a higher concentration of
aseid was used or there was free nitrous acid, only bye-
products were formed. On eooling the solution, light
yellow bunches of short needles seperated, which were
eollected, washed free from acid and crystallised from
aloohol and scetis acid mixture in small colourless
needles (0.05 g.), Mm.D. 315-316° r§§und: C, 78.8; H, 3,9.
C19f3203 requires C, 79.23 ﬁ;_i;p%) (Kostenecki,44 MeDe
315-316°). It does not give any colour with ferriec
chloride, gnq is turned yellow with concentrated sulphurie
acid, giving an almost colourless solution with a bright
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green fluorescence, as described by Kostaneokl44 for
4'-hydroxy= -naphthaflavone.

The scetate, prepared by refluxing with acetie anhy-
dride and pyridine, orystellised from scetic acid in long
thin colourless needles, m.p. 214% (Founa: G, 76.8; W, 4.2.
CavHiy 0, requires C, 76.4; W, 4,.24) (Kostansck1,44 m.p. 218°)
It shows the same behaviour as the hydroxyflavene towards
concentrated sulphuric acia.
4-Nitro-2-acetyl-l-naphthylbenzoate (VI):

4-Nitro-2-acetyl-l-naphthol4® (2.5 &€.!, DPrepared by
the nitraticn of 2-acetyl-l-naphthol with 404 nitrie scid

at room tenpo?ature, pyridine (15 c.c.) and benzoyl chlo-
ride (1.5 c.c.) were heated on the water bath for 30 minutss
and the colution poured over ice and hydrochlorie acid.

The semi-stieky solid which separated was taken up in ether,
washed with dilute hydrochlorie acid, water and cold sodium
carbonate solution respectively, the ether extract dried

and the solvent removed. The semi-sticky solid erystallised
from alecohol in short colourless plates (1.5‘g.)T7tés-127°

(Found: N, 4.0, O0jgH130gN requires N, 4.27).

2—szro;z-4-ggzgltro2bonzozlo;x-4'~n1trodibenzozl—

methene (XI):
Bbaaoetophenanc-di-(gfnitro) benzoate (X), prepared

as in the last case, from'iesAES%ophenone and p-nitrobenzoyl
chloride, was obteined as an smorphous solid from benzene,

alcohol or acetic acid, mep. 151-152° (Found: N, 5.9.
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CppH140gNp requires N, 6.2%). 2-Hydroxy-4-(p-nitro)
benzoyloxy=-4 '~nitrodibenzoylmethane (14 z.) obteined by
the resrrangement of the ester (20 g.), as in the last
case, crystallised from acetone in yellow plates, m.p.
226-226°%. (Found: N, 6.0. Cpply40gNs Tecuires N, 6.27).
This on treatment with glmcial acetic acid cyelised,
7=p-nitrobenzoyloxy-4'~nitroflavone thus obtsined
oryatallised from acetic acid in bunches of colourless
needles, m.p. 294-295° (Found: W, 6.3. CagHyo0glp

recuires N, 6.44).

4'-N1tro~7-hydroxyflavone (XII, R = Ng)

The diketone (2 g.' was dissolved in conceatrated
sulphurie acid (20 c.c.) left overaight, poured over
chipped ice, the flavone thus obtained wes collected,
washed with cold alcohol and erystellised from scetiec
acid in light yellow, long thin plates (1.0 g.), ma.D.
210-311° (Found: N, S.1. C1slgOsN reaulies N, 4.9%),

It gives a reddish brown colour with ferric chloride.

7:4'-Dihydroxyflavone (XIT, R = OH):

7-Hydroxy-4'—aminoflavongw?xxx, R g WHp ), obtained
by reduction of the nitre flavone (N.5 g.) with irem

and acetic acid, as in the last case, crystallised from
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dilute alcohol in bunches of light yellow curved needles
(0e3 @), Mep. 338-340", after darkening at 310° (Found:
N, 5e4. CqgHy190gN requires N, 5.5%). Its alcoholic
solution exhibitsg & blue fluorescence, and it dissolves
in concentrated sulphuric acid, giving an almost colour~
less solution with s strong blue fluorescence.

7:4'=-Dihydroxyflavone (XII, B = OH), obteined by
dieszotisation and hydrolysis of the amine (0.35 g.) with
307, boiling sulphuric acid, crystallised from alcohol in
bunches of light yellow needles (0+2 g.) , m.p. 315°
(Kostenecki and Osius,?® m.p. 315°) (Found: ¢, 70.7;
H, 4ele C3pil)glq recuires G, 70.9; H, 3.94). It agrees
with all its properties with those described for 7:4'-~
dihydroxyflavone by Kostaneeki and Osius.%6

The diasgetate, obtained by refluxing with sacetic
anhydride and pyridine, crystallised from alochol in
colourless needles, meD. 184° (Kostanecki and caius,46
m.p. 184°) Found: G, 67.4; H, 4.1. Ojglij40g requires
C, 67.4; W, 4.1%).

4'-Nitro-7-methoxyflavone (XIILJ R = NOp.

D
4'-Nitro-?-methoxyrlqyone, obteined by methylation
of 4'-nitro-7-hydrexyflavone (1 g.) with alkali and
dimefhyl sulphate in the cold, orystallised from acetic
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acid in light yellow needles (0.85 g.), m.p. 216-217°
(Found: N, 5.0. 0C31gli11N0g5 recuires N, 4,77).

4 *-Hydroxy-7-methoxyflavone (;gggratol?(XITI, R = OH).

The emine (YITIT, ﬁ = N¥p), obtained by reduction of
the nitroflavone {0.7 g.! with acetic acid and iron
powder, erystallised from dilute aleohol in thin light
yellow needles (0.5 Ze), MePe 201-202° (Found: W, 5.5.
CipaH120gN recuires N, 5.3%). Its light yellow solution
in alcohol exhibits a bluish lluorescence, and it
dissolves in concentrated aulphﬁric acld giving an almost
colourless solution with a blue fluorescence.

The amine (0.5 2.) dissolved in water (25 c.c.)
containing hydrochloric acid, was diaszotised and hydrelysed
by adding to 307 boiling sulphuric scid in the usual
manner. It orystallised from slcohol in light yellow
needles (037 g.), m.D. 260°, not depressed by admixture
with a sample which had been prepsred by ¥ehal end
Venketareman® (Found: G, 71.8; M, 4.4. CjgH;00, Tequires
C, 71.6; ¥, 4.,5{). The m.p. of the substence in Vehal

_end Venketaraman's papergAphéuld read as 260°, The

.
alcoholic solution gives brown golour with ferrie chlo-
ride, and its light yellow solution in concentrated

sulphuric acid exhibits & blue fluorescence. On
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dcmethylatlog with hydriodic acid in eacetic anhydride
it eave V:Qf-dihydroxyflavano.

7:4'-Dimethoxyflavone, obtained by methylating with
dimethyl sulphate in alkaline solution in the cold crys-
tellised from slcohel in long thin cclourless necdles,

46 m.p. 149%)

m.D. 149-150% (Kostsnecki and Osius,
W, 4.9%).

7-Methoxy—-4'~acetoxyIflavone obtained by refluxing

with sacetic ;nhydride and pyridine,crystallised from
alcohol in colourless needles, me.p. 155° (Found: C, €9.8;

H, 4.6, 018H1405 mqu1r08 G, 69.7;3 H, 4s5‘f’.

Tri=-0-{ p~nitro j-~benzoyl phloracetophenone (XIV):

Phloracetophenone (3.4 g.) was dissolved in pyridine
(40 c.c.) and p-nitrobenzoyl shloride (3 mole, 11.5 g.) was
added in small quantities, with zood shaking so that the
temperature did not rise above 50%; 1t was then left over-
night, when a8 yellow mass separated, which was vpoured on
to crushed fce and hydrochlorie acid. The »roduct
separated as a white amo:phéusv:olid from benzene (6 g.),

m.p. 195-197° (Found: ¥, 6.9. .C2glT190 1aNg requires
H’ 6.%)0



The ester, on rearrangement with potassium earbonate
(6 g.) and toluene, gave a oream coloured compound (4.5 g.)
m.p. 272-273°, which was very insoluble in orgenic sol-

- v@nts and oqnld not be erystallised. It f:winsolnble in
equeous alkali in the cold. On warming with 27 sodium
hydroxide or by treatment with concentrated sulphuric acid
in the cold, it esave 3-(p-nitro)benzoyl-4'-nitro~5:7-
dihydroxyfldvone, which crystallised from alcohol in light
yellow necedles, m.p. 279° (Found: N, 6.1. CggllypOgla '
requires N, 6.254). Its slcoholic solution gives a violet
colour with ferric chloride.

The 3-benzoyl group could not be removed; when
trested with hydriogic acid in scetic snhydride, it
re@Qulined unaffectediend when treated with 107, slcoholiec
or 107 equeous alkeli, and acidified, on orange compound

which d4id not melt wes obtained.

Phloraeetephanone-4:6—éimethy1 ether was prepared
. ——

by methylation of phloracetophenone in ascetone solution

with dimethyl sulphate (2 moles) in presence of anhydrous

potassium carbonate. Phloracetophenone dimethyl ether
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(2.5 g.), p-nitrobenzoyl chloride (2.5 g.) and pyridine
(20 c.c.) ware hested on the water bath for half an hour
and the product worked up as usual. The easter crystal-

lised from aleoohol in colourless needles (3 Z.), MeD.

152-153° (Pound: N, 4.3. OyqlglylN recuires ¥, 4.19).

The ester (2 £.) was dissolved in benzene or toluene
(30 c.c.), sodamide (2 g,) added, and refluxed for two
hours, The d;ep red compound that senarated was filtereﬂ,'
washed with benzene, and scidified with ailute scetio
acid, the diketone collected and crystallised from acetiec
acid (49 e.n.) in bunches of small thin vellow needles
(0.4 2.), m,p. 220-222° (Found: W, 4.2. CypHys0nN

reanires ¥, 4.,14),

et =53 P= th

The flavone, obtained by treating the diketome (0.6 g.)
with concentrated sulphuriec acid in the cold crystallised
from acetic acid in light ye{low, long thin plates (0.4 g.),
MWDo 262° (¥ound: W, 4.5...01731590N requires N, 4.3%).
Crystallised again from scetlc-scid, the first fraction
had m,.7. 835°, but on dilution the filtrate gave a light
yellow erystalline precipitate, m.p. 262°. Both these
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dimorphic forme on reduction geve the samne amine.

4'=Tydroxy-5:7-dimethoxyflavone (XXI):

The amine (XV), obtained by the reduction of the
nitroflevone (2.5 2,) with acetie acid and iron, orys-
tallised@ from alecohol in shining yellow needles (0.30 g.),
MBeDe 212%, Its slecoholie solution exhibits e blue fluo~
rescence (Found: N, 4.5. CynHyp04N recuirves m, 4,74).

4 1-Hydroxy-£:7-dimethoxyflavone, obtained by diazo-~
tiention and hydrolysis of the amine (0.3 =.) with boiling
307 sulphuric faeid, crystellised from alcohol in long,
1ioht vellow needles {".2 p.), Mm.D. 294-205° (vehel and
Venkatarnman,lg m.p. 298%)\(FPound: C, 68.2; H, 4.8,
0391408 recuires 7, 68.4; W, 4,77). Tts sleoholic
solution exhibits a very week blue fluorescence.

The aoctate}preaareﬂ by boliling with aoeiic enhydride
and pyridine, crystallised from alcohol in colourless
needles, msp. 220° (¥ehel and Venkataraman,l® 220°)
(Found: ¢, 67.4; W, 4.7. C1gH1g0¢ requires C, 67.13
M, 4.77). |

, o -
4:5-Dibydroxy-7-methoxyflavone (Genkwanin)(XXTIT):
The above methyl ether (032 g.), aluminium chloride

(0.4 2.) and nitrobenzeme (4 c.0.) were heated on the
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weater-hath for one hour, ice and hydrochloric acid added,
and nitrobenzene steam-distilled; the yellow residue
erystallised from alecohol in bright yellow needles (0.13 g.
MeDe 284-2850, not depressed when admixed with a genuine
sample of puddumetin (Taeng,19 MeDe 285°; vshal and
Venkataraman,l® 285-286°)(Found: o, 67.4; W, 4.2.
C161205 Tequires C, 67.5; 1, 4.2%). Tt nives o brownish
violet colour with ferric chleoride.

The diacetate obtained by refluxing with scetic
arhydride and. pyridine crystallised from alcohol in long

19 b.p. 106°;

thin colourless needles, m.,pP. 197-198° (Tseng
¥ahel and Venkataraman,l® 197-198%)(Tound: ¢, 65.2;

H, 4.3. C(gglyely requires ¢, 65.25 H, 4,3%).

[ 2 Aylroty -G~ ruthory plinyd &~ . .
L. 4eiothneu.a—t+2ghyvdroxystyryl Ketone (XXIII)e™

Z. 4-Mathyl ether of resscetophenone was prepared by
methvlation of resacetophenone in acetone solution with
dimethyl sulphate (1 mole)! in presence of anhydrous
potassium carbonate., To @ solution of reqecetophenone
monome thvl ether (é;:; 2.) in aleohol (5 CeCGe) and
potassium hydroxide (i£$4.c., 56%), G;iétg. of p.hydroxy-
benzaldehyde was added, a-t'the mixture refluxed on the ‘

weter bath for one hour, and left overnight. The deep
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red solution was poured into crushed lce and acidified,
the yellow precipitate that separated was filtered and
crystallised from aqueous sloohol in orange yellow
needlos !O.; £.), M.D. 162~163°(.Found: C, 71.3; H, 5.2.

C16l'14%4 Tequires C, 71.1; M, 5.17). |
- Mﬂﬁyu /N

Y=Methowpr? : u-.bihldroqflavone (ﬁﬂ‘)o “ .
To & eooled solution of the sm&m (0.8 z.) in
aouecus sodium hydroxide sedutden (25 s.c.; 27), hydrogen

Ao et
peroxide (1.3 oo 3., 307) was sdded, and/\let‘t in the refri-

gerator overnight. The deep yellowish orange solution
was aoidif:;d with acetie acidfjtha yellaz ‘/It;:_x;?cinitate
filtered)':i) erystallised from aloochol in)\snindle shaped
vellow-nlates, m.n, 282-263°% Yound: C, 67.9; H, 4.4.
For. wolfaoet . fatl
S16Ma0s Teouires G, 67.6; W, 4,27). # sives a(brownish
ieek oolour with ferrie ch)oride end a yellow s olutim},«
shqg&’ e bright sreen fluorcscence in concentrated
sulphuric acid. 7X; .,

Kf aiacetate, prepared by heating with scetie
anhydride and pyridine, orystallised from slcohol in longy
flat,colourless plates, m.p.'z,Q,a.-204°/(Found= 3, 65.63

H, 4.6. Opollyg0y Tequires C, 65.2; H, 4.3¢). |

-



P-Resoreylic mldehyde was prepared by passing dry

hydrozen chloride throush a solution of resorsinol in
ether, containing zine eysnide. Its dimethyl ether was
obtained by methylation with excess of dimethyl sulphate
in acetone sblution, in presence of snhydrous potassium
cerbonate. Phloracetophenone dimethyl ether (0.65 g.),
prepared as given before, was dissolved in alcohol

(5 coc.) and- 507 sodium hydroxide (J-c.c.), B-resoroyl
aldehyde (0.55 g.) added. The mixture was left et room
temperature for 24 hours and shaken occasionally. The
deep red solution was paured over ice, scidified, the
yellow prodnot'that separated was filtered and erystal-
lised from alcohol in shining yellow needles, (0.75 g.),
m.p._152° (Kostaneski Q&_glfl . MeDe 152°; Hitter and
cuha,?® m.p. 124° (Found: C, €6.4; H, S5.6. Cyofa00g
requires ¢, 66.,3; H, 5.8.). It gives 2 reddish brown

colour with ferric chloride.

5:7:27:4'-Tetramethoxyflavone (XXTx):
The phenyl styryl ketone'fiiVIII) (1.0 g.),amyl

aleohol (20 c.c.) and selenium dioxide (1.0 g.) magwove
refluxed in an oil bath with occasionsl sheking at 140°
for 18 hours, tili there was no further diminutio» of
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ferric chloride colour. The reduced sclenium metal wes
filtered off, the Tiltrate steam-distilled, and the yellow
sticky residue taken up in benzene. The benzene solution
was extracted with 27 sodium hydroxide solution containing
0% alcohol, until no more was extracted. The aqueous
alooholic slkaline extrset on acidification,and erystal-
lisation of the product thus separated,gave the unreacted
phenyl styryl ketone. The benzene layer was dried, the
solvent removed and the residue crystallised from elcohol
in small yellow needles (0.15 g.), m.p. 174° (Found:

G 6609’ H, 504, OCHS' 36.04 Jlgnlaos reﬁnires’ G 6607;

H, S.4; 00Vg, 34 2%) . K> Wopnr ovorvope aolataen  ian MMM
Ouﬂ%ﬂ~vA~ oo axdailaiks o Wk e hleniaconna

/éi; Sdﬂydroxybv 2':4'~trime thoxyflavone 3
/)r/m /

/4*' @Ehe tetramethoxyflavonn (XXlefT‘(O.zs g.)‘annr

//»
M Ao 7o oy

" a4tesotved in nitrobenzene (2 a:aa)/’aluminium chloride
(0.3 2.) addsd;—Newbed on the water—bath for one hour,
acidified with hydrochlorie acid, and nitrobenzene steam-
distilled. The green eoreoured residue was Tiltered and
treated with 2% aqueous sodium hydroxide, when a 1;:2&:7
part of the prodnot diasolvad‘wyhe filtrate on ecidifi-

ondslocrite
cation gave a-amail quantity ‘of 2 yellow preduet which

5., The inszoluble residue

Wxé/% -
(0.13 g.) crystallised from ; i 1 ¥

yallow »

was
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yellow rhombohdfirel plates, m.p. 1637(Found: g, 66 0;
H,5-1 . C1gH180¢ recuires C, 65.8; H, 4.9‘}3).%;1%1788
a reddish dbrown colour with ferric chloride, and 45 not
soluble in sgueocus sodiumhydroxide;—but dissolves in
alcoholic sodium hydroxide givime e yellew solutieon.
3% scetate ,obtatned by trestment with scotic
Wtanued from alcohol in long
thin colourless necdles, m.n. 164-56%, mixed mps with
AXTVIT) 140-345% (Found: G, 647w, L-Q, Cpalyaly

requires ¢, 64,93 ¥, 4.81.,).":/
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Part I

Coupling behaviour of 2-benzoylacetyl-l-
naphthol.
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The members of the Waphtol 7S series derived from
2~hydroxy-3-navhthoic acid and similer o-hydroxyearboxy-
lic acids yield orange, red and deeper colours. The
attachment of an arylazo group to a carbon stom in an
aliphatic group dbeing one method for vrevaring yellow
dves, the I.G. in 1921 introduced Naphtol /<=3, which
is btaaoetoaéet-grtolidide, as a "naphthol” for the
production of yellow shades; coupled on the fibre with
diazotised chlorenilines lamon-ygllow shades could be
obpainsd. The poor substantivity and the moderate
lisht fnstnqss of the'naphtol As=-G shades then led to
the introduction of Naphtol AS~13, IgC and 146, the
constitution of which has been elucidated by Desail and
Mehta.l The first two are arylides of terephthaloyl
discetic acid and the lest is zfaoetoacetamido-s-athoxy—
benzthiazole. With specified diazonium salts the bright
yellow shades from uaphtél Aé;E;G possess very high
light fastness. It is to be noted, however, that on
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account of its adeocuaey for gemeral purposes Naphtol
AS= gontinues to be widely used for dyeing yellow azoic
shades.

The present work is an investigation of the utility,
as azoie coupling components, of diketones, which are
intermediates in the synthesis of flavones, prepared by
thb action of soaamido,z potassium earbonate® or sodium
ethoxide‘ on o-benzoyloxyaryl methyl ketonmes. A sub-
stance such as 8—benzoy1aoety1-l-naphthoi (T) has two
counling positions, and the comparative resetivity of
these sites Tor diazonium couplings is of interest.
Further, the introduction of a 1l:3=-diketone group in a
dye or a 2-hydroxy-3-navhthanilide type of coupling
component might offer a useful method for modifying
shades.

2-Benzoylacetyl-lenaphthol (I) was obtained by the
action of smhydrous potassium cearbonste in toluene on
2-acetyl-l1-naphthyl benzoate in very good yiel&.z
The diketone (YY) gave weak dyeings when used as a
"naphthol” and coupnled with.d&czotissd Fest Red Base B
(5-nitro-g-enisidine) and Searlet Base GG (2:5-dichloro-
aniline); the shades lacked fastness to soaping and
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light.' Treatment of the dyeings with potessium
dichromate and copper sulphate did not improve the
fastness.

The diketone (I),,when eounled in substance with
one or more moles of diazotised sniline in aleoholic
sodium hydroxide solution, ylelded the disazo dye (IT).
Coupling in alcoholic sodium carbonate or pyridine solu-
tion with diazotised emiline (1 mole) yiclded a mixture
of the disazo dye (II) and a monoago dye (III), which
were separeated by careful fractional orystallisstion
from acetic ocid, the latter being less soluble. It was
observed that boiling the monoazo dye (ITI) with scetic
acid for a long time during crystallisation yielded a
third product, which was ultimately found to be the
ecorregponding flavone (IV). The monoazo dye (IIT), when
dyed as a "naphthol", and developed with diazotised
Past Red Base B, gave brown shades which bled consi~-
derably during soaping.

The disazo dyn‘waa unaffected by treatment with
congcentrated sulphuric acid in jhe cold, while the mono-
azo dye, either by treatment wifh concentrated sulphuric
acid in the e¢old or by refluxing with glscial acetie
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acid gave the flavone (IV) by cyelisation. In view of
the ring closure taking place only in the case of the
monoazo dye, it is evident that the counrling must have
taken place in the 4-position. However, to confirm the
constitution of the mononzo dye as (I71), it was also
preparod by'an unambiguous mothod. 2-pcetyl-l-~
naphthol (V) was coupled with diaszotised sniline to
obtain 4-benzeneazo-2~-acetyl-l-nanphthol (VI). Conden-
sation of (VI) with ethyl benzoate in prosence of
sodium, sodium ethoxide or sodemide was not successful.
The benzoate (VII), prepared under the condit ions

specified, readily underwent rearrangement with

H OH H
OO OFmh .« Q™

=N -NOn
(1) i bkl
o ()
o N /
N:Ng"\
(W)
OHCOCH W omelh
C coc
s O O™
N=N@L ~ N=NPh
)
( () (<o)

potassium earbonate in toluene, and geve 4-benzeneszo-
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Z=benzoylescetyl-l-naphthol (ITT), identicel with the
monoazo dye obtained by coupling (I) with diazotised
aniline. '

The benzeneazonephthaflavone (IV) on reducztion with
acetic acid and zino dust, gave the amcctemido derivetive
{(VITI). 7ven when the reduction wes carried out in a

large volume of aleohol with the addition of 1-2 moles

‘ Q-

o’\\ o/\\
o0y o0
NHCOCHS WHy

(ym) (TX)

of acetic acid, the scetamido derivative (VITI), end
not the smine (1Y), was obtained. Reduction with iron
and hydrochlorie¢ acid in alcoholic solution gave amor-
phous red products. The deancetylation of (VITY) proved
difficult since it remained unaffected when treated
either with 304 hydrochloric aéia.or 107 sodium hydro-
xide solution. The aminoflavuéo (IX) could however be

very readily obtained by reduction of (1V) by hydrogen
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under pressure in presence of Raney nickel. Wwhen the
diketone (ITI) was red;;ed under these conditions, the
corresponding smine ccald not be isolated since 1t was
very unstable. However, when (IIT) was reduced with
sodium hydrosulphite im alcoholic alksli, the amino-
flavone (JIX) was obtained, reduction of the azo group
and cyoclisation of the diketome taking plsce simul~-
taneously.

 Vhen the diketone (I) was coupled with diazotised
2:5-diohloroaniline (1 mole) in pyridine or mleoholie
sodium hyuroiide solution, it gave the disazodye (II;
CglizClg instead of Ph). powever, coupling in alooholic
sodium carbonate solution with diazotised 2:5-dichloro-
aniline (1 mole) gave the disazo dye (II; CglizCls
instead of Ph), together with about 5 of the monoazo
dye (ITT; CgllgCly instead of Ph), which was isolated as
the flavone (IV; CglizCly instead of Ph). The same
monoazo dye was also obtained by the rearrsngement of
(VII; CgllzClg instead of Ph) with potassium carbonate
in toluene. L

In order to prepare a dig;zbaa which does not have

a nuclear site for coupling as in (I), Whenzoyl-l=-
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acetyl=2-naphthol (X} was prepared by the rearrangement
of 1l-ncetyl-~2-naphthyl benzoate with sodium ethoxide.4
Bhallse 23_51,5 who carried out the transformation of
l-ecetyl-2-naphthyl benzoste with sodamide in ecther,
obtained, instead of the diketone (X), a semi-sticky
s0lid of undetermined constitution,which on treatment
with c0ld concentrated sulphonic acid gave 3-naphtha-
flavone. The diketone (X) ,when coupled in sodium
hydroxide ao}ntion with diazotised aﬁiline,gave a red
subs tance, thoh apneared to be & mixture of the desired
azo dye (XI)\and 1-benzeneazo-2-naphthols Al=-Agetyl-2-
naphthol undergoes a similar displacement on treatment

with diazonium salts.®

Application of (X)f in azoie
dyoing»by the normal process of impregnation from an
acueous alka;inn solution was therefore not possible.
The diketone (X) coupled readily in slcohol-szodium
acetate solution and gave W-benzoyl-®-benzeneazo-l-
acetyl-2-naphthol (¥TI); but on account of the
influence of alcohol in lowering the substentivity of
the diketone towards cellulose, a very weak yellow

-
shade, loose to sosping wss obtained when (X) was
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applied to cotton yarn from an alcoholic sodium

=R
cocHcoPh colcoh

x) (x1)

acetate solution and developed with diszotised 2:5-

dlchldrosni;;na.
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EXPERIMENTAL

2-Benzoyl-i>scetvl-l-naphthol (I).

2-pcetyl-l-naphthyl benzoate (1% g.), toluene
{75 c.ce) and freshly ignited potassium osrbonate
(45 2.) were refluxed under stirring for 8 hours, The
deep orange potassium salt was filtered and treated
with dilute éeetio acid. The diketone (12 z.) ory-
gstallised erm acetone in bright orsnge needles, m.p.
147° (vehel ena Venkataramen, 147°).

Coupling of the diketone (I) with diszotised emiline:

The diketone (1.5 g.) was pasted with 10Z sodium
hydroxide solution (10 c.c.) and dissclved in aloohol
(50 Gete)s The solution was diluted with watér (10-15
Ce.c.) 8nd after adding sodium acetate (4 g.), cooled
to 0° and coupled with eniline (1.5 2., 3 molds) in
hydrochlorie aoid (45 CeCs) q1azot1sed with sodium
nitrite (1.2 g.!« The bright red dye which separated
(2.1 g.), erystallised from acesic acid in thin,
elongeated plates, m.p. 168~70°'(Found: N, 11l.2.

Oz Fgolsly Teouires N, 11.2¢). A little more of the



69

disazo dye was obtained from the filtrate by asclidifi-
eation., The substance also crystallises from the same
solvent in a second form with m.p. 204~-205%. Tt éivea
s brown colour with ferric chloride 2ndé = deeﬁ cherry
red colour with concentrated sulphuric acid. The dye
was recovered unchanged from its solution in concen-
trated sulphuric acid, no cyclization to a flavone
taking place under the usual conditions.

_ When the diketone was coupled under similer condi-
tions using one mole of diazotised aniline, the dye
that separated out proved to be (IT). The filtrate on
acidification gave a sticky substiance, which dissolved
in congentrated sulphuriec acid with a bright green
fluorescenoe, indicating the presence of unreacted
diketone.

When the diketone (I) (0.5 g.) in 107 sodium carbo-
nate solution (10 c.c.), alcohol (100 c.c.) and sodium
acetate (1 2.), was coupled with dlazotised aniline
(1 mole) and stirred for one ‘hour, a deep red solution
was obtained which was acidified with dilute hydro-
chloriec acid and the orsnge re&.dye collected (0.6 g.).
The dye was teken up in scetic acid (20 c.c.), heated
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to about 110° and the resulting mixture was filtered
immediately. The residue (0.2 @.) orystallised from
alcohol=-agetic a2cid mixture in thin short orsnge rods,
m.p.‘zm-zoz" (Pound: N, 7.3. Cosi1glsglia recuires

N, 7.2/}, The mononzo dye gives a brown colour with
ferric chloride snd a cherry red colour with concen-
trated =ulphuriec acid. From the acetic acid mother-
licuors, the disezo dye (IT), m.p. 168-170°, was
recovered.

The diketone (I) (0.5 g.) was then dissolved in
pyridine (20 c.c.) and coupled with onec mole of diazo-
tised aniline. The derk red solution, on dilution and
secldification with hydrochloriec acid, gave an orsnge
red dye, which could be soparatedlinto mono- (I1I) and
disszo dye (II) as in the previous cases; about 0.12 g,
of the pure monoazo and 0.1 g. of the disazo dye were

obtained.

4-Bonzoneazo-z-aaetyl-l-naphthol (vry:

The brlght red dya, prepared in the usual menner
from aeetonaphthol[and diazobenzene chloride, crystal-
lised from acetic acid or chlorobenzene in reddish
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orange needles, m.p. 143° (Found: N, 9.8. OygHyq09Ny
recuires N, 9.7%). It gives a decp brown colour with
ferric chloride and a violet colour with concentrated

sulphuric gc!d.

4-Benzeneszo-2-acetyl-l-naphthyl benzoete (VIT):

The dye (VI) (2 g.), pyridine (10 c.,c.) and benzoyl
chloride (1.5 2.) were refluxed for six hours in the oil
bath at 140?, The solution was poured over orushed 1ce
and hydroohlo;io acid. The dafk red sticky product was
taken up in ether, washed with ice-cold dilute hydro-
chloric acid, weter and finally with ice cold sodium
earbonate solution. Removal of the solvent and
erystallisation from aleohol geve orenge prismatie
needles (1.7 g.), mep. 153° (Found: ¥, 7.1,

85 §e 8 § recuires W, 7.2%).

4-Benzeneazo-2-benzoylacetyl-l-naphthol (III):
A mixture of the benzoste (VII) (1 g.), toluene

{20 c.c.) and potassium carhonste (4 g.) was refluxed
for 8 hours. The dark red pbtassiun salt was filtered,
washed with benzene and decomposed with dilute acetie
acid. The bromish red diketone {0.65 g.) erystallised
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from acetic acid or sleohol-asetic acid in short orsnge
rods, m.p. 201-202° (Found: W, 7.4. CpgHiglsis

reguires ¥, 7.2%7). A mixed m.p. point with the monoazo
dve (I7T), obtained by direet coupling of the diketone,

showed no depression,

é-Benzeneazo-7:8-benzeflavone ( IV):

4-Benzenenzo~2-benzoylacetyl-l-naphthol (I717)
(0.2 g.) was refluxed with glacisl acetic =2¢id for %0
minutes, and cooled. The flavome (IV) oryetallised in
shining yellow needles, mep. 271° (Found: w, 7.2.
Corll1g0pNg recuires W, 7.4¢). The substonce does not
give a Terric chloride colour and is insoluble in
agueous or aleoholic alkell.

Trestment of the dye (ITT) with cold concentrated
sulphuric seid aleo yielded the seme flavone (IV).

6~Acetamido-7:8-benzoflavone (VITI) was obtained

by reduction of the flavone (IV) with zine dust in
acetiec aclid solution. It crystallised from acetic meid
in small lustrous, yellow needI¥s, which melted with
darkening in colour at 306-3096 (Found: N, 4e3.
CpyHyg0gN recuires N, 4.2%).
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&=Amino=7:8-benzoflavone (IX):

(i) The benzeneszoflavone (IV) (0.5 g.) was
suspended in alcohol {30 c.c.)!, Raney nickel catelyst
added and shaken »ith hydrogen under pressure (40 lbs.)
for two hours when the flavone slowly went into solu—v
tion. The catslyst was filtered off and the yellow
filtrate diluted with water, the product which separa-
ted (0.25 g.) orystallised from alcohol in long,
shining yellow needles, mep. 220° (Found: ¥, 4.6.
Cygtya0 ol r;quires H, 4.8(). It dissolves in concen-
trated sulphufio scid giving a colourless solﬁtion with
& bright bluish violet fluorescence.

(ii) The dye (171 (0Oel g.), dissolved in aleochol
(20 c.c.) and 10/ sodium hydroxide solution (1 ce.c.)
was warmed to aboutl 700, and reduced by =odium hydro-
sulphite till the colour of the solution changed from
decp red to yellowish red. After heating for a few
minutes, the soluiion weg acidified with dilute scetic
acid, consentrated and cooled. The mmmaminoflavone
(X) erystallised from slcohol in long, shining yellow

needles.
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Soupling of the diketone (I} with diezotised
2:5-dichloroaniline:

The diketone (T) (0.5 g.), dissolved in pyridine
(20 cece), was coupled in the usual manner with one
mol¢ of diszotised 2:5-dichlorosmmiline., The dye
precipitated by dilution and acidification with hydro-
chloriec acid, erystalliaod.from acetic a2cid in Tluffy
asgeregntes of red needles (0.2 2.) m.p. 215-16°
(Found: W, 8,9. Oz3f1gCly0atiy rec ires N, 8,97). The
disazo dye (IT; Uglzllg instend of Ph) gives = lisht
brown colour with ferric chloride. The filtrate, after
separation of the disazo dye, on dilution and crystal-
lisation, gave the unrescted diketone (I) (0.2 Ze)e

The diketone (I)(0.5 g.) dissolved in aleocholie
sodium carbonate solution wes then coupled with one molg
of diazotised 2:5~dichloroaniline. The dye was boiled
in acetic acid (50 c.c.) and a small quantity of a
yellowish orenge solid which separsted was immediately
filtered off, It corystallised from & lerge volume of
acetic acid, 1n'th1n small yellwW rods (30 megm.), m.p.
296-96° (Found: N, 6.4. Cggly14Cls0plis Tequires N, 6.24).

It does not give any ferric chloride colour and is not



71

soluble in aqueous or alooholic alkali. Analysis and
its properties indicated that it was the flavone (IV/;
CglizClg instead of Ph). From the acetic acid mother

; CaH3 ey nnnlaad =g PAa)
liquor, the disazo dye/(0.2 g.) was obtained.

4~(2*:5'-Dichloro ! -benzeneazo~2-acetyl-l-naphthol

(Vvi; Cg HzClg instead of Ph):

scetonaphthol was coupled with diazotised 2:5-
dichloronniline, and the red dye orystallised from
schlorobenzene in long needles, m.p. 229-30° (Found:

N, 8.1. CygH3pC1s0plip Tequires v, 7.8).

4~(2':5'=nichlore ) -benzencazo-2-ncetyl-l-naphthyl

penzoate (VIIT; CgHgClg instead of Ph):

The dye (VI, CgHzClg instead of ~h) wes benzoylated
by refluxing with benzoyvl chloride in pyridine. The
benzoate orystallised from alecohol in yellowish orange
needles, m.p. 184-85% (Found: N, 6.1. Cg5l14C1203Ng
requires N, 6,0%).

8-(21:5'-Dichloro ! ~benzeneazo~7:8~benzoflavone

{(IV; CgliaClg instead of Ph):

The benzoate on trestment with potassium earbonate

in toluene rearranged to the yellowish red diketone
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{1113 CglixClg instead of Ph), m.D. zse—z4o°, which was
converted into the corresponding flavone (IV; CglizClg
instead of Ph) by trestment with boiling glacial acetic
acid, when it erystallised in thin small yellow rods,
m.D. 295-96° (Found: N, 6.3. Opgii1a0hg0siis requires
N, 6.,27), identiecal with the correspondine flavone,
obteined by direct coupling of the diketone with
diazotised 2:5-dichloroaniline, followed by treatment

with acetic acid,

03—Bengoneazo-¢>benzoyl-1~aootyl-ﬁ-nnphthol (XT):

The diketone (X) (0.3 2./, prepared by the rearrange-
ment of l-agetyl-2-naphthgl benzoate with sodium ethoxide,?
was dissolved in sleohol (20 c.c.) and sodium acetate

(1 g.) added, when the solution became zreenish in colour.
The solution was cooled and counled with one molg. of
diazotised sniline. The orange dye was filtered (0.3 g.),
which erystallised from alcohol in small orange plates,
m.p. 162° (Found: W, 7.2. CapgHyg0slis requires N, 7.27).

Tt eives a deep brown colour with ferric chloride.
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Part IV

A new synthesis of
4-hydroxycoumarins.



T4

Rodorickl and sohorieldz noticed a hemorrhagie
disense in onttle and showed that it was due to bedly
oured hey made from sweet clover. Csmpbell end Tink®
jsolated this snticommulant fector from spolled sweet
clover hay, and determined ite structure to be 3:8'=
methylene~bis~4-hydroxycoumarin (II) by alkaline degra~-
dation and cleavage with phenylhydrazine. The consti-
tution has been confirmed by its synthesis from

- QO EQQ
L : oM ou
(M) )

4-hydroxycoumarin (I) and formsldehyde.?’ In view of
the anticoagulant properties of 3-substituted=4-hydroxy-
couharins,s methods for the synthesis of 4-hydroxy-
coumarins (1) heve assumed importance.

Three general methods for the synthosis of 4-
hydroxycoumarins have =0 far been deseribed:
{1): 0-Acetoxybenzoyl chlorides are condensed with malonic
ester, cysnacetic ester or ascetoscetic ester in presence
of sodium, when the oorrespondiﬁ& 3~substituted~-4-

hydroxycoumarins are formed, which are then hydrolysed
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to 4-hyﬂroxyoamr1n'a.6 (2): Cyanscetic ester is con-
densed with phenols? according to the method of Noesch,
which is limited to the use of m~dthydric phenols. In
some cases, the hydrolysis of the intermediste ketimine
!m!roohleridg is difficult. (2):The cyclisntion of the
o—aoatyl derivative of an ester of salicyl.lo scid by
means of sodium at hish temperatureSjgives low ylelds
of 4-hydroxycoumarins.

Earlier-work carried out hy one of us and others
on the transfermation of o~benzoyloxyscetophenone tc:‘;f
dibenzoylmethanes by means of sodamiao,g notassium
onrbonate’® or sodtum in tolueme,'’ indicate that am
application of this reaction to the C-ecarbethoxy
derivatives of g-hydroxyacetophonbnea might lead to a
new general method for the synthesis of 4-hydroxycou-
marins. ¥e have now examined the scope of this reastion
by model experiments on the behaviour of the O-carbe-
thoxy derivative (IV) of the readily avalilable 2~-agetyl-
1-naphthol (I7I) towards sodamide,’ enhydrous potassium
carbonate,l® metallic sodfum ang.sodium ethoxidell in
appropriate solvents. "hen tﬁo‘ ester (IV) was treated

with potessium carbonate in toluemne, 4~hydroxynaphtho~
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coumarin (V) was obtained in an optimum yield of 457

(o)} CLCOOE)' OC.OQa KLCO
COCH3 ‘ A COC\'\; ol

(o)

but the reaction d4id not nroceed solely in the desired
direction.

The preparation of the ester (IV), which proved
difficult initislly due to its instedbility resulting
in hydrolysis to (T7Y), had to be carried out under
closely defined conditions. "hen ethyl chloroearbonate
wes added to (ITT) in pyridine solution in the cold, an
instantsneous resction took plese, and hy working up the
product immediantely 2 quantitative yleld of (IV) was
obtained., Treatment of (IV) with potassium carbonate
in toluene gave s mixture of produets (A) and (R), which
could be easily seperated elther by taking advantage of
the insolubility of (A) and of the ready solubility of
{B) in chloroform, or by oxtréct&ng with sodium
biocarbonate solution in which (A) slone was soluble.
The product (A) when obtained in this menner was almost
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pure, while (B) could only be purified by chromato-
graphis adsorntion or by erystallisation from acetic
acid. Comparatively lower ylelds of the »roducts (A)
and (B} were obfained when the transformsation was
carried out with metallic sodium in toluene,

The pMmt {a) ofystalliud from alaohol or
dioxane in small, colourless needles, m.p. 279-80°
{ Decomp.}. 4-Hydroxynaphthocoumarin (V) has been pre-
pared by Anschntzm by the condensation of l-hydroxy-2-
nephthoyl chloride with sodiomslonic ester, followed by
hydrolysis of the 3-carbethoxy~4~hydroxynaphthocoumarin.
He has desoribed this ss greyish white erystals, m.p.
256-268°. On reveating Anschutz's work we obtained the
internediate 3-~gcarbethoxy-derivative as yellow needles,
mev. 179° (Ansehutz, m.p. 179%). This on hydrolysis
geve 4-hydroxynaphthocoumerin as colourless needles,
meDs 279-80°, fdentical with (A) in all respects. A
gimilar diserenancy in the melting point has been
noticed in the cease of 3:3'-methylene-bis-4-hydroxy-
coumarin (IT), which was first sxnthesised by Anschutz,
who gave the m.p. 260°, and later by stehmenn et al,*
who gave the m.n. 888-89°; natural dicoumsrin has m.p.
268-89°.



78

“hen the intramolecular condensation of the

ester (IV) was carried out with sodamide in ether,
substance (B) and scetonaphthol (I71Y) were the omnly
products isolated., In a few of the experiments while
the product after the o_oﬂaaido resction was being worked
up, it turned violet on exposure to air; =and from the
mizxture a small quentity of (B), (ITI) and & viclet
compound (C) could be isolated by chromatography. The
exact conditions for this trensformation could however
not be ascertained. The condensation of the ester with
sodium methoxide in ether gave & § yleld of product
(B), the rest of the ester being hydrolysed to {TII).
“hen sodium ethoxide in aleochol was used, the ester
merely underwent hydrolysis to {(III).

®hile this work was in progress Royd and I-‘«:beartscn‘ﬁ
desoribed a one~step synthesis of 4-hydroxycoumarins in
excellent yields from g-hydroxyacetophc ones by treat-
ment with ethyl carbonate in presence of metallie
sodium,. 0By oarrying out the same reaction om (III),
a neerly cusntitative yleld of é~hydréxynaphtho-oumsrin
{V) eould de obtained., For the preparation of 4-hydroxy-
coumarins, Boyd and Robertson's method is therefore
superior to our method via the carbethoxy derivetives
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of o-hydroxyacetophenones,

4-Hydroxynavhthocoumsrin (V) dissolves in sodimm
bicerbonate solution with effervescence, and on soldi-
fication the ¥kidx hydroxycoumarin is preci pitated
unchanged. Tt could be titrated with slkalis using
phenolphthelein as indicstor (Found: ¥.'. 2250,
O13tliglg recuires ¥.". 212). The possibility of the
opening of the ring during titration to form l-hydroxy-
g-naphthoyl aeetio 80id (0443904 Tequires . §, 230)
whilbk again cycnus on acidifisation, csnnot be ruled
out, :After bdinng for 2 to 3 hours with 107 agueous
or alecoholic alkali, 4-hydroxynsphthocoumsrin could be
recovered unchanged by scidification. On fusion with
caustiec potash, it gave a cusntitative yield of
l-hydroxy-2=-naphthoiec seid, It remained uneffected by
treatment with ocold coneentrated sulphuric scid. Vhen
heanted sbove its melting point, a mixture of products
was obtained, from which 1-scetyl-te-naphthol (I77) and
an unidentified product (D), m.p. 3086=307°, were
isolated by chromatogravhy. ' The hydroxyeoumarin (V) gave

an ecetyl derivative (VI) 'br Ioshz boiling with acetiec

{vII)
enhydride, and s methyl etheﬁby treating its solution
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in ecetone with excess of diazomethane in ether.
Coupled with diszotised p-nitraniline in agqueous alkaline
solution or in aleochol in presence of sodium acetate,

(V) save & yellowish orenge dye, 3-p-nitrobenzeneazo-4-

°\£ ‘ C/EH

coc Ha OCH;

() S
hydroxynaphthooounerin (VITT). Huebmer end Link'® have
gshown that 4-hydroxycoumarin (I) couples with diezonium
salts to give 3-azoderivatives. On treatment of a hot
alooholic solution of (V) with excess of formesldehyde

3:3'-methylene~bis-4~hydroxynaphthocoumarin (IY) was

0. \Eo °
/E—— N:N—ONO,_ & —_—CH— Ry
bW bw by

() (IX)

obteined. 4-Yydroxynavhthocoumarin (V) could not be
converted into product (B) by treatment with potassium

earhbonate in toluene.
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The produet (B) erystallised from scetone or
scotic acid es greenish yellow, thin elongated plates,
. MeDe 244=45°, It was phenolic in character and gave a
light olive colouration with ferric chloride. It zave s
p-nitrobenzoate; and an acetate on treatment withfzg::io
snhydride anﬁ pyriding or =ith scetic acld in presence
of hydrochloric asid. It did not form & dinitrophenyl-
hydrazone under the ususl conditions. 1Its yellowish
orsnge =lcoholic alkeline solution turned deep red on
standing in the cold, end & deep violet compound was
{solated by scidification, identicsl with the product
{¢) obteined earlier. Treatment with hot slcoholie
alkell completely decomposed (B). Fusion of (B) with
potassium hydroxide yielded l~-hydroxy-2-nsphthoic acid,
and & small quentity of e reddish-violet phenolie
gcompound. A deep red dye was obtained by coupnling (B)
»ith diazotised aniline, and a yellow cry=talline product
(®), n.ﬁ. 2345-50°, was obtained on treatment of product
(B) with c0ld concentrated sulphurie acid. rttempts %o
gonvert {B) into (IIT) were unsygcessful. The
enalytical data for (B) and its derivatives correspond
with the molecular formula OggH;g04. A compound (X)



82

of the same molecular formula eould]be obtained by the
condensation of 2-acetyl~l-naphthol, with 4-hydroxy-

naphthocoumarin. The condensation of Z-scetyl=-l-

o . oH

|
= C
<=0

(%)

nephthol and-4-+*hyﬁroxynaphthocoumarin has been tried
under various conditions, such as by sodemide in ether,
potassium earbonnte in toluene, pyridine confaining
piveridine, but in every case only the originel products
were recovered unchanged. Further work to find out the

conastitution of this produst is in progress.
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EXPERIMENTAL

0-Carbethoxy~2-agetyl=-l-naphthol (IV):
To a cooled solution of 2-agetyl-l-naphthol (10 g.)

in pyridine (30 c.c.), ethyl chlorocarbonate {15 c.c.’
wes ndded drop by drop with shasking, when an insteanta-
neous reaction took nlece. The reaction mizxture was
immedintely stirred into crushed ice snd hydrochlorie
scid. The precipitate erystallised from aleochol imn thin

colourless flakes (11 2.), mep. 76° (vound: ¢, 70.1;

T, 5e7. 0C18f1404 requires C, 69.8; ¥, 5,479 ),

(1): The compound {IV) (2 =.}), toluene (20 c.c.)
and freshly ignited potassium carbonate (6 z.) were
refluxed under stirring for 12 hours. The potessium
salt was filtered from the deep violet coloured toluene
solution,which on treatment with Worit for s long time
gave some unconveried (JV). The greyish green potessium
salt was decomposed with dilute aﬁétlc scid, filtered
and trested thrice with hot chloroform, when a psrt went
into solution., The residue (9.8 g.);which was 4-hydroxy-
naphthocoumarin (V) erystaellised from alcohol or dioxene
in small colourless needles, m.p. 279-80° (Found: C, 73.1;
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H, 4.0. 3133805 requires C, 73.5; ¥, 3.9).

The chloroform extrect on coneentrstion and chror
grevhygthrough & column of slumine geve nroduct {B), 1
erystallised from acetiec mcid in greenish yellow long
plates (0.2 g.), m.p. 844-459 {FPound: C, 78,853 17, 4.3,
Cagflye0q Toquires G, 78.9; , 4.27).

The separetion of 4-hydroxynavhthocoumerin (V' er
produst (B) could asleso be very resdily effectel by msc
(lng the produest, obtelned after decomposing the potass
ealt with scetic scid,with sodium bilesrbonate solutior
when (V) could be obteined from the =oluble vert by ae
difieation, while (B) was obtained ss the residme.

(1I1): 3-Carbethoxy-4=hydroxynevhthoocounarin obtai
by tresting l-scetoxy-2-nephthoyl chlorides in benzene
sodio-maloniec ester in benzene for 8 hours at room
tomperature and for two hours on the water-bath, eryst
lised from aleohol in yellow needles, m.v,. 179° { Anseh
MaDe 179%). It gave a red ocolour with ferrie chloride
wae s0luble in aqueous aoaiun‘bicarbonate. 4-Hydroxy-
navhthocoumarin (V) was obtained,by hyarolysis of the
3=earbethoxy derivetive by refluxing with excess of 1.
potass ium hydroxide solution for 12 hours, as solourle:



needles from alcohol, m.p. 279-80° ( Anschutz, §reyish
white needles, m.p. 256-58°), identienl with the product
obtained by the action of potassium osrbonate on (IV).

(111): 2-rcetyl=l-naphthol (I77) (1.5 @), ethyl
earbonate (47 c,c.) and metallic sodium (2.5 g.) were
heated on water bath for 30 minutes, excess of sodium
destroyed by means of methyl slcohol,excess of ether
added, ond §pe godium salt extracted with water. The
agueous solution was aoidified; and the light cream
coloured nr;oipitate filtered (l.4 2.'s It orystallised
from aleohol in thin colourless necdles, m.D. 2?9-80°.
jdentical with 4-hydroxynsphthocoumarin (V l.

4-Tydroxynephthocoumarin (V) gives a light orange
colour with ferric chloride. It is very sparingly
goluble in chloroform, benzene or toluenec. It dissolves

in concentrated sulphuric scid with a brownish orange

colour, having a light green fluorescence.

When (V) (0.2 g.) was heated at 285° for two
minutes, it melted with the evolution of cerbon dioxide.
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The brownish red melt was taken up in chloroform, amnd
the chloroform solution chromatographed through alumins,
when 1t separated into two définita bands. The lesser
absorbed yellow band on elution with chloroform gave a
phenolic »roduct, which erystsllised from alochol in
yellow needles, m.p. 98°2, and was identified by mixed
m.P. to be g-ao.etyl-l-naphthol (177'e The column of
alumine contsining the second band on treatment with
hot alcohol gave @ non-pheuolic'product. vhich orystal-
lised from ;leohol in small yellow plates, m. . 506=7°
{with darkening in eolour). Produst (n) (Found: ¢ 7445
#,39%), It was too little to be worked up further.

Fusion of (V) with votassium hydroxide:

Potessium hydroxide (2 g.) and weter (0.5 c.o.)
were heasted in a nickel erucible till a clesr solution
was obtained, and (V) (0.5 g.) sdded. The sudbstance
began to go into solution at 240° and gave a clesr yellow
solution at seo°. at which tempersture 1§ was maintained
for 15 minutes. On ocooling, the yellow product was
dissolved in water (20 c.0.) and ecarbon dioxide passed
through the solution till it was no longer alkaline to
phenolphthalein. 2 light brown shinine erystalline
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precipitate separsted, which was filtered (0.4 g.) and
proved to be a potassium salt. It was dissolved in the
minimum guentity of aleoohol amd vPrecipitsted with
dilute hydrochloriec seid. Crystinllised from alcochol, it
had m.p. 190-91° (Foumd: G, 70.3; W, 4.4. C11fgdg
reauires C, én.z; ", 4;2%). Tt was identified as
1=hydroxy~2-naphthoie ncid. The Tiltrate after the
separation of the potassium selt, on acidification and
ether extrantion of thw myielded & swall quentity of a
pheonolia, 1ight brown erystalline substence, m.p. 89-93°;
the alasoholic solution gave a green colour with ferrie
chloride.

4-20etoxynavhthosoumarin (V¥I), obtsined by refluxing

(¥) with noetic enhydride for 2 hours, orystallised from
benzene in 11sht yellow shining plates, m.p. 134-35°
(Found: G, 70.43 ¥, 3.9; Acetyl 17.1. Cysfiols

requires C, 70.8; 7, 3.9; Acetyl 16.97). It is inso-
luble in cold sodium bicarbonate solution, but can be
readily hydrolysed by watnigg with alknlis, or even by
hot water or alsohol to the peremt 4-hydroxynaphtho-
sounarin.
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4—ﬁothogzgezgthocopnarin (VI7), obtrnined by treating
a solution of (V) (0.2 g.) in dry scetone (27 ¢.c.) with

‘diszomethane in ether, orystallised from slecohol im thin

golourless needles, m.n. 218° {Found: T, 74.43 ¥, 4,6,

G14H10p15 requires C, 74.3; 0. 4.49),

A diazotised solution s:&n p-nitreniline (0.3 g.)
wns added to & solution of (V) (0.2 g.) in sodium hydro-
xide, and the mixture stirred far one ﬁour, keeping the
coupling bath elkaline throughout. The dye, obteined
by scidifying the wine-red solution, ocrystellised from
nitrobenzene in yellowish orsnge needles or from
scetic @oid in small red shining plates, m.p. 318°
(Pound: ¥, 11.5. OC4gfi110glig requires H, 11.&!). The
same dye was slso obtained when the coupling was done

in nleohol in presence of sodium scetate.

< Dl ~big-d= h 8 ).

To 2 hot al&oholie solution of (V) (72.18 g.}) in
eleohol (4 o.0.', rormaldehfdswr40£; 1 c.c.) was ndded,
and the mixture heated, whem a White crystellime pre-
cipitate separated immediately., It was filtered 'hglo
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(e1ug)
hot/and erystallised from trichlorobenzene in fime

thin needles 534 7.7 welting with decomposition above
300° (Found: C, 73.7; W, 4.0. Cppflye0g Tequires
C, 74.3: M, 3,77}, The substence iz insoluble in

benzene, toluene, dioxene and chloroform.

8 [ i
The ester (IV) (2 g.), ether {10 c.c.! and powdered
sodamide (2 g.) were shaken &t room tewperature for 8
houfs. and allowed to stand ovérnight. The yellowish
orange coloured solid that sepsrsted was filtered snd
stirred into acetic ncid, and the dirty green sticky
product thus obtained solidified after keeping in the
refrigerstor. It was taken ur in hot scetone {lorit)
and cooled, and the ecrystalline product thet separated
wag recrystallised from acetic scid. The greenish
yellow plates (0.4 Z.), m.p. 244-45° were 1denticsal with
_ ol L oyunevs
Product (Bl. The acetone filtrate on evaporstion gave
g-sgetyl-l-nephthol (I71).
Product (B) yis very sﬁaringly soluble in sleohol.
It gives light olive colour é{:; ferric chloride. It
is insoluble in c00ld sodium carbonmte solution aad
sparingly soluble in cold sodium hydroxide solution,
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but very soluble in aleoholic elksli giving & reddish
yellow solution. Tt dissolves in oconcontrated sulphuric
acid giving  deep red solution, which when poured over
chivped ice gave a bright yellow nroduet (%) erystal-
lising from elcohol in yellow needles, m.n. 345-50°
(with decom».)(Found: G, §7.13 7, 5.77). The substense
~(B) 18 soluble in warm sodium carbonate solution and
¢0ld esustic soda solution and gives sn olive green
colourstion with ferrie chloride. Product (B) on fusion
with potassium hydroxide as in the case of {(VY, gave
l-hydroxy=-2-naphthoie seid snd o deep violet product
which is being examined.

The pgetate of product (B) obtained by refluxing
with acetic snhydride end a drop of pyridine, erystal-
lised from sscetic acid in small light yellow plates,
m.p. 234-35° (Pouna: ¢, 7e.2; T, 4.6; ‘oetyl, 11,0,
Capflyglp recuiree C, 76.5; 7, 4.3; Acetyl, 10,0%).

‘The p-nitrobenzoate of (B), prepared by treatment
'ith»gfnttrohonsoyl chloride in pyridine on the weter
beth for 30 minutes, orystallised from acetic meid In
snall 1ight yellowish brown plates, shrinks at 255°,
mp. 256-60° (Found: N, 2.6. Capflyglell requires N,2.6%).
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When product (B){0.2 g.), dissolved in 2% alcoholic
alksli, was coupled with dimzotised aniline, stirred for
2 hours, n deep red solution was obteined, which on
ascidificetion geve a deep red dye. It could not be
erystallised, but was purified by preciritation f}ou a
benzene solution by light petroleum (60-80%), when it
was obtained as an emorphous powder which decomposed
above 180° (Found: N, 5.7. Ogqfige0sNs recuires
N, 5.44),

Decomposition of product (B) with slcoholic slkaeli:
Produet (B) (0.5 g.) was dissolved in 27 aleoholic

csustic soda solution and the yellowish red solution
kept overnight at room tempersture., OCarbon Aioxide was
raxsudxaniyzxax passed throuch the solution, which had
become deep red; but only sodium carbonate wes preci-
pritated and the colour of the solution became violet.
The violet eoloured filtrate was scidified, and the deep
violet precinitated collected. The filtrate on
evaporation gave & sticky violet-coloured product which
sould not be erystallised. The precipitate on purifi-
cation by chromatography throush alumins using benzene
as solvent,gave s violet-coloured compound which
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crystallised from benzene in sreyish vioclet leminary
Plates ("rodust C) (0.2 g.), decomposing at 174-76°
(Found: ©,829; H, 48}, The substence is not soludle
in agqueous co0ld sodium carbonate or sodiuvm hydroxide
solution but dissol¥esz in hot 107 sgueous sodium
hydroxide. It dissolves in hot slcoholic alksli to
give & browﬂish red uollution,‘ snd 3pzoives in slcohol
to give » violet coloured solution, which gives with
ferric chloride a cherry red colourstion, and with e
drop of hydrochloric scid a reddish drown colour. It
gives a brownish orsnge solution in concentrated
solphuriec seid, exhibiting a bright zreen fluorescense.
It cennot be reduced ywmith hydrosulvhite and slkelg

O by tin and hydrochloric acid.
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6:7-RBenzocounnranone.
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Part V

6:7-Benzocoumaranone

- In the course of a study of the action of slkaline
condensing agents on ethyl 2-acetyl~l-naphthyl oarbonate,l
it appeared that a possible product wes 6:7-benzocoumara-
none (I} and the substance had to be prepared for a
direct comparison. It was first described by Ullmann,2
who prepered it by the eyolisatipn of 2-bromacetyl=l=-

naphthol (TIT) and recorded the m.p. 91-92°,

/C{'h.

())v\(m | (ﬁ:cmm&

(@) an

Frie;t guoting van Paul Lang; hes stated that a
benzocoumaranone constituted as (I) and melting at 116°,
is obtained by the intramolecular acylation of <A=-naphtho-
xyscetyl chloride (YII); the m.p. was =lightly higher

A
~g

o< Hy cockd
) < (3XX)

(119°), when the corresponding bromide was used. Ingham



Stephen and Timpo,s who have not referred to the work

of Fries and Lanz, carried out the intramolecular
acylation of ol-naphthoxyacetyl chloride (III) with
aluminium chloride in benzene, and obtain&d a product,
m.p. 1199, which they considered to be the perinaphtho-
pyrone (IV), rather than the coumsranomne (1), since

it condensed with benzalﬂdhydo to form the benzylidene
derivative, iﬁioh could not be converted through its
8ibromide into the corresponding flavonol. Another
argument advanced in favour of (IV) was the non-

identity of its melting point with that of 6:7-
benzocoumaranone (I), reported to have been
synthesised by Ullmamn® by an unambiguous method
from 2-bromscetyl-l-naphthol (II) in which the 1:2-

position is already fixed. Several similar

instances of peri-ring closure are known, such as
R

the condensation of oA-naphthylacetyl chloride to give
acenaphthenone, and the formation of benzanthrome from

o ~benzoylnaphthalene in presence of sluminium chloride.



b

>

Reviewing Uimann's workg on the ¢>-bromination of
2-acetyl-l-naphthol, it was found that conflicting
results have béen recorded for this bromination. Ull~
mann obtained 2-bromacetyl-l-naphthol (IT) (mep. 124.59)
by brominating ascetonaphthol or its acetyl derivative
in carbon tefraohlaridé solution, while Torrey and

s obtained 4-bromo-2-acetyl-l-naphthol m.p. 127°

Brewster
under the same conditions. Tries’ also falled to/[get
(IT), end it -has now been found that even bromination
with N-bromosuccinimide, which normally leads to W0~
brominat ion, yields 4-bromo-2-acetyl-l-naphthol. Bromina-
tion in mcetic acid with two molecules of bromine gave a
quantitative yield of the w:4~dibromo derivative.
6:7-Benzocoumaranone (I) has now been synthesised
by an unembiguous route starting from l-hydroxy-g=-
naephthoic acid, through the intermediste diazoketone,
by the following scheme. The acid ehloride (V) of the
acetate of l-hydroxy-2-naphthoie aoid;on treatment with
an etherial solution of diazqmethane,gaVe the diazo-
ketone (VI). This on treatment with dilute sulphurie
acid in dioxane gave the carbinol (VII) which on acetyla-

tion gave the corresponding acetate (vitr). Ezsterta
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has shown that the corresponding diazoketone from

CocH ocoliy oCoCHy
(:éco coCHNy (I)COCH:.OH
(X / ) / m—n
/d—h.
ocscHz
C()coq%ﬂi COQOQH,_OCOCH3
(r)

(IX)
FSf\\\\\\ oc Hhcock
O

()

2-hydroxy-3-naphthoic acid gives the benzocoumarasnone on
treatment with alcohol and dilute sulphuric acid, but

the diazoketone (VT) when treated under =imilar conditions
gave the carbinol (VIT). Eistef%f further found that the
corresponding carbinol from 2-hydroxy-Z-naphthoic acid on
longer treatment with alcohol end sulphuric acid, also
gave the benzocoumarsnone. iIt was found, however, that
the carbinol (VII) under simxiz; conditions gave merely

the deaoofilatod compound (IX), which was also obtained
by treatment of the carbinol (VII) with sodium hydrexide.
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This gives the same diecetate (VITI) ms that obtained from
the cerbinol (VII'. ™owever, the dlazoketone (V1) on
treatment with consentrated sulphurie scid in the cold
gave a compound, m.P. 1192, which from ite properties and
those of its derivetives proved to be 6:7-benzocoums=-
renona (T). The earbimol (VIT) or (TX) 4id not give the
6:7-benzocoumsranone under the ceme conditions. As the
6:7-benzocoumaranone had the same meltins point and
propertiec as those described by Tngham® et al for their
produst, obtained by the intrsmolecular acylation of
«pnaphthaxyacétyl chloride, it was considered desirable
to repeat their work. |

The acid chloride, prepared by the sction of phos-
vhorus pentachloride on A~naphthoxyagcetic acid, seve on
traﬁtmont with eluminium chloride in benvene s substance
mep. 119%, 1dentioal in all respects with 6:7-benzocou=~
marenone. Thus cyolization of ol~maphthoryscetyl shloride

takes place in the 2-pozition and not in the peri position,

The acid chloride did not cyclize when trested with
stannic chloride in bonzono;
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EXPERIMENTAL

l-ﬂbeto;x-z-naphthyl diszomethyl ketone (VI):

ldﬂydroxy~;-naphtholo acid (5 g.) was refluxed for 3
hours, with e mixture of acetic anhydride (10 c.c.) and
acetic acid (10 c.c.), and chilled., The product that
.aeparetad was filtered, washed with c0ld benzene and dried
(4 2.)e The acetate thus obtained was surficiently pure
for conversion to the mcid chloride. It crystallised
from benzene in colourless needles, m.p. 156. The
acetate was unsteble to long keeping, and to the action
of hot water or even hot alcohol. The acid chloride,
m.pe. 114° (®istert, m.p. 114) wes obtained by treatment
with thionyl chloride in petroleum ether (60-80), for 2
hours on the water bath.

The finely powdered acid chloride (5 z.), dissolved
in ether (100 c.c.), was added dropwise in the course of
one hour to an agitated, ice-~cold solution of diazomethane
in ether, prepared from nitrosomethylurea (12 é.), 409
potassium hydroxide (30 c.c.) sud ether (100 c.c.), and
kept in the refrigerator for 24 hours. The diazoketone
which sepasrated as a2 light yellow orystalline precipitate

was filtered (3 g.) and the filtrate on concentratioﬁ gave
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more of the diszoketone. The substance crystallised from
benzene in small chining plates (3.2 g.), m.De lﬁf { decomp. )
(Found: N, 1l.2. Cy4Hy1q0slip requires ¥, 11.02%). Tt
decomposes on long standing. 7Tt dissolves in coneentrated
sulphuric acid with decomposition giving & decp orange
solution, witﬁ 2 bright green ’luorescence.

l-icetoxy-2-naphthoylearbinol jVII}:' To a solution

of the diazoketone (VI) (0.5 g.) in dioxane (10 c.c.®,
2N sulphuric gcid (2 c.c.) was added with shaking, snd
Bhe solution allowed to stand at'room tenpersture for
twvo hours. The diazoketone slowlyAgaye off nitrogen, and
the solution became slightly deeper in colour. On dilu-
tion with water, the crystalline precipitate was collected
and erystellised from eleohol., The shining yellow flat
plates (0.35 gs) had m.p. 121°. (Found: C, 69.1; ¥, 4.9.
C14H1204 Tequires C, €8.8; H, 4.9%). The substanceg
gives a deep green colour with ferrie chloride, an& an
orange solution in concentrated sulphuric acid, and

O e eran Pt w/vax\d-o.
dissolves in cold 14 eaae%%e—oeda solution from which {t
ean be reprecipitated nnohangod. Because of ite ferrie
chloride colouration and its solubllity in ice-cold

12Y-1= UVINNON MMO)@&Q
agueous eaustiec soda, the possibility of the carbinol
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(VIIT) being l=hydroxy-3-naphthoylacetyl carbinol g
cannot be ruled out. The product is being studied further
to finally decide the position of the acetyl group.

The diacetate, prepared by refluxing (VIT) with
acetic anhydride and pyridine,erystallised from alcohol
in long colourless needles, m.p. 119° (Found: =, 67.4;

H, S.1. Cpgf140g requires C, 67.12; 7, 4.94).

The method used by Eiete;i for converting & diazo-
ketone of the type of (VI) to the coumaranone was then
studied, and instead of the coumarsnone (7), the e¢arbinol
(VIT) was obtained.

The diazoketone (O2 g) was suspended in alcohol
(2 eece), 2N sulphuric acid (0.2 c.c.) added, and the mix-
ture warmed on the water bath, when a brisk evolution of
nitrogen took place. "“hen nitrozen was no longer evolved,
the solution was heated on the water bath for about 5
minutes (Norit), filtered and cooled, when light brown
erystals separated (0.l g.). The product crystallised
from alcohol in light yellow plates, m.p. 121°, identical
with (VII).

1-Hydroxy-2-naphthoyloerbinol (1X): %o a solution

of (VIT) (0.1 z.) in alcohol (2 e.c.), four drops of econ-
centrated sulphurio acid were added and the solution

refluxed on the water bath for 30 minutes (Norit),
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filtered and cooled. The yellow crystalline mass, which
separated, orystallised from alcohol or benzene in small
yellow plates, m.p. 151%, with darkening in colour.
(Found: C, 71.3; ¥, 5.2. Cjyollyjn0s requires ¢, 71,9;
H, 4.97). The substance was also obteined by warming a
dilute salkeline solution of the gpetylated earbinol on
the water bath for 2 minutes, thoﬂacidifyinz. It gives a
green colour with ferrioc chloride and en orsnee =olution
in concentrated sulphuric acid.

()

toetylation eave the same diacetate/desoribed

earlier.

6:7-Benzocoumaranone (7T):

(A) The diazoketone (VI' (0.2 g.) was added slowly
with stirring to iee-cold concentrated sulphuriec acid
(2 e.c.); nitrogen was evolved and the substance slowly
want into solution. The brownis" orange =olution, which
had a strong green fluorescence was kept in the refrige-
rator for one hour, poured over crushed ice, and ether
extracted., The ether extract was waah;d with iee-cold
sodium hydroxide solution, which removed a trace of a
colouring matter. The ether‘lgzgy was washed and dried,
and on removal of the ether the residue crystallised from
dilute alcohol in shining colourless plates, m.p. 119‘.
(Ullmenn, 91-2%; Lanz, 116%; Fries and Inghem et al, 119°)
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(Found: ¢, 78.1; H, 4.9, C12Hg0g requires ¢, 78.3;

H, 4,%%). The substance does not give a colour with
ferrio chloride, and is not soluble in cold aqueous sodium
hydroxide; but when slightly warmed it goes into solution
with a deep red colour; deep reddish violet flakes then

separate (of. Ullmann<).

It reduces Fehling'=s solution,
and the brownish orange solution in concentreted sulphurie
acid shows a bright green fluorescence.

The acetate prepared by refluxing with scetio
snhydride and ﬁyridine, erystallised from alcohol in
light brown needles, m.p. 88,(Ingham and co-workers, 85)
(Found: C, 74.7; W, 4.7. Cj4H)o0s requires C, 74.3;

H, 4.47).

(B) ce=Nephthoxyscetic ncid was prepared by condens~-
inz chloracetic acid and J~nsphthol in ealkaline solution.
The scid chloride, obtained by treetment of the acid (5 g.)
with phosphorus pentachloride (5 g.) in benzene, followed
by removal of the benzene and phosphorus oxychloride under
vacuum on the weter-bath, was taken up in benveme (25 c.o. ).
Aluminium chloride (4 g.) ias-then slowly added, when the
colour of the solution chenged f¥3m brownish red to green.
ATter heating on the 'ator-bath'for 6 hours, the solution
which had now become coppery red was poured om_ to 1oo_nnd
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hydrochloric ascid, and steam~distilled. The white
orystalline mass that separated in the distillate was

. taken up in ether, and the ether removed. “he residue
(1.2 g.) orystallised from dilute elcohol in colourless
ah}ning plates, m.p. 1190, not depressed by admixiure with
6:'7-benzéoomranone.,prepered earlier. The residue in the
distillation flask was & deep red resinous mass and

could not be crystallised,
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Summary

Gentisin, the yellow colouring matter of Gentians
futea, vas shown by demethylation to be a monomethyl
ether of gentisein, 1:3:7-trihydroxyxanthone. The methyl-
ation or_gontiain to a monomethyl, and not a dimethyl
ether, indicated that the original methoxyl was not
in the l-position. Gentisin could therefore be either
the V-methyi'ither or the 3-methyl ether. The 7-methyl
ether was synthesiaed by Shimoda snd chovn to be
different from gentisin. The 3-methyl ether ha-Z§::n
synthesised and shown to be identicel with natural
gentisin, 7-Nitro-l:3-dihydroxyxanthone, obtained by
a Noesch reaction between S-nitrosalicylonitrile amnd
phlorozlucinol, followed by hydrolysis snd oyeclisation,
was methylated by diszomethane wto its 3-methyl ether.
This on reduction,diazotisation and hydrolysis with sul-
vhurie acid gave 3-methoxy-1l:7-dihydroxyxanthone
(gentisin). 7-Nitro-l:3-dihydroxyxsnthone on reduction,
diazotisation and hydrolysis gave gentisein, 1:3:7-
trihydroxyxanthone.

Hydroxyflavones have been prepared from nitroflavones



107

by reduction, diazotisation and hydrolysis. The utility
of this general procedure has been shown by the synthesis
of 4'-hydroxy-c~naphthaflavone, 7:4'-dihydroxyflavone,
4 '-hydroxy-7-me thoxyflavone and 5:4'-dihydroxy-7-
methoxyflavone (genkwanin).

5:4'-Diﬁydroxy-v—mothoxytlavone has been synthe-
sised by the oxidation of the corresponding chalkone
with alkaline hydrogen peroxide, thus showing that a
free 4'-hydroxyl group does not interfere in this
oxidation,

loteflavin, the natural colouring matter of Lotus-
erabicus was ghown by Dunstan and FWenry to be 5:7:8%:4'-
tetrahydroxyflavone., But the synthesis of 5:7:2':4'~
tetrahydroxyflavone by Cullinave et al, and fobinson
and Venkataramasn indiceted its non-identity with
lotoflavin. The properties of lotoflavin trimethyl
ether, which erystallises in dimorphic forms, aro more
charsoteristic than those of lotoflavin. S-Hydroxy-7:2':4'
tetramethoxyflavone has been synthesised by controlled
demethylation of 5:7:2':4'-to§gggothoxyf1avonc, and it
has proved to be different from lotoflavin trimethyl
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ether, thus finslly confirming that lotoflavin is not
5:7:2':4'~tetrahydroxyflavone. 5:7:2':4'~Tetramethoxy-
flavone was obtained by oxidation of the corresponding
chalkone by sclenium dioxide in amyl alcohol,

The utility, as azoie coupling components, of
o-hydroxydiben-oylmethanes, which are intermediates in
the synthesis of flavones, has been investiasted.
2-Renvoylagcetyl-l-nanhthol gives weak dyeings when used
as a "naphthol" for impregnation of cotton and develop-
ment with diezonium sslts. The shades lacked fastness
to soaping and light. On coupling the diketone in
subgtance with diazonium salts, mono- end disazo dyes
were obtained, the constitution of the former, whioh
conld have two possible structures, has been proved to
be 4-benzeneazo-2-benzoylacetyl-l-naphthol by an
unsmbiguous synthesis from 4-benzeneazo-2-scetyl-l-
naphthol through the corresponding benzoate, The monoazo
dye from l-benzoylscetyl-2-naphthol has been prepared.

o-Benzoyloxyacetophenones can be reandily trans-
formed to dibenroylmethanes tiy. weans of sodemide,
potassium carbonate and similar reagents., This indicated
that en epplication of this reaction to the O-garbethoxy-
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derivatives of g-~hydroxy.cetophenone mnight lead to a new
method for the synthesis of 4-hydroxycoumarins. The scope
of the reaction has been shown by the synthesis of 4~
hydroxynaphthocoumarin from g-carbethoxy-2-.cetyl-l-
naphthol by treatament with potassium carbonate in toluene.
The hehaviour of 4-hydroxynaphthocoumarin as been studied,
and its derivatives, including the corresponding
dicoumarin have been prepared., By the action of
potassium cgrbonate or sodamide on the carbethoxy

ester of 2-acetyl-l-naphthol a second product (B) was
obtained.

One of the possible structures initially consi-
dered for product B was 6:7-bengocoumarcnone. i refe-
rence to the literature showed that there existed an
ambizuity about the constitution and the melting point
of 6:7-bhenzocoumarancne. It was first syuthesised by
Ullmann, who prepared it by the cyelization of 2-bromo-
acetyl=l-naphthol and recorded the m.p. 91-92°. Fries
prepared it later by the intrameclecular acylatlon of o=
naphthoxyacetyl bromide and  pecorded the m.p. 118°.

A compound of the same m.p. prepared sinilerly from
a-naphthoxyacetyl chloride has been considered by
Ingham ;ﬁ_.; to be perinaphthapyrone. It was therefore
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considered desirable to synthesise the benzocoumaranone
for direct comparison by an ambiguous route., OStarting
from l-hydroxy-2-naphthoic aecid, 6:7-benzocounara.one,
m.p. 119°, has been obtained, through the intermedlate
dlazo ketone and it has bsen shown that the product
obtained by inghan et al was also 6:7-benzocoumaranone.

The analytical data for Product (B) and 1is deri-
vatives corresponds wiith the molecular formula Cggli;g04
for product (B). Its derivatives indicautle the preseance
of one hydroxyl group. Further work is being done on
product (B) to elucidate its constitution.
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Appendix I

In a very recent publication Wheeler et al

(Sei. Proc. Roy. Dublin Soec., 1948, 24, 29) have tried

to explain the difference in behaviour of various
condensing agents and the solvents used as dependent
on the strength of the basic atmosphere provided by
them,considering the reaction to be one involving a
base-catalysed intramolecular condemnsation of the

Claisen type.
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