Papt III
THEORETICAL

Ullmann reaction on some lodochromnes 'md flavortes :

S.\'/’nthLesis of some bichromonyls, biflavonyls and S-vhenyl .

T-wneioxy ) et 7 -wlARbXYE ~

derivatives of \LMOmna and\flavo’ae

) Ullm@nn reaction 1nvolVes the remval of ;ﬁ halogen
atomyfrom aromatic halocompounds by the use of copper bronze

with the resulting union of two carbon atoms, giving bilaryls.

] 4 This reaction is of general spplicability and is of
conslderable help in the preparation of meny symmetrical and
unsymme trical bia'ryls, which would otherwise be difficult to

obtain. Ullmann reactlon has been reviewed by Fanta ( Chem.

Revs. , 191+6 i_, 139 )s
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The success of the Ullmenn reaction is dependent
upon the nature of the aromatic hslide, It has been observed
that chlorine, bromine and iodine may’ be eliminated with
biaryl formation. Fluorine atom in the aromatic nucleus has
not been reported to be active in the Ullmann reaction. The

order of reactivity of halogens is I > By Vs C1 . In general
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the latter tw substituents undergo the reaction only when

activating groups are present in the aromatic nucleus.

Ulimann ( Ann., 1994, 332, 38 ) observed decrease in
vield of biaryls wﬁen groups such as ~NHp , . NHCOCH; |,
-C00% ang -OH are present in the aromatic nucleus, because
they give rise to amination, decarboxylation or ether formation
as a side reaction. The amino group: must be protécted by
alkylation or acylation, the carboxyl group by esterification

and the hydroxyl group by etherification.

Tne electronegative groups in the ortho and para-
positions with respect to the halogen atom are found to
activate the mplecule. The nitro group is the most effective
activator. Thus Ulimann ( Ber., 1901, 3l_+, 2174 ) obtained the
biaryls ( II ang IV ) by.cérrying out the reaction in
nitrobenzeﬁe in good yield from different g-nitro derivatives

of chlorobenzene ( I ang IIIy,

MO, 0y
@“' e 72\

s Yield ce %

i V.

Bulky substituents in ortho positions adjacent to the
reactive halogen hinder biaryl formation. Thus Ullmann
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( fpn,, 1904, 332, 387 ).obtained the biaryl derivetive from
2,4,6-trichloro-Iodobenzene in 52 4 yield but the yield of the

blaryl derivative from 2,4, 6-trimethyl-iodobenzené was poor.

*

Mascarelli and Ravera ( Gazz. Chim. Ital., 1938, 68,
33 § C.4,, 1938, 32, 4565 ) stud:ied the Ullmann reaction with
a great variety:.of aromatic compounds and determined the
amunt of activation required in order that the Ullmann
reéc’qi&n may occur. ﬁ. N ) ~

The generalisationé regarding the effect of
substituents on the Ullmann reaction. &n derivatives of benzene
may be applied to other aromatic compov_{nds according to the
usual coneépts of aromaticity.

This reaction has been applied with considerable
success to the syﬁthesisyoij unsymmetrical biaryls. In addition
to the consideration 'of the ipreviously discussed co.nditio_ns,
the synthesls of an unsymmetriéal blaryl requires the
selection of an optimum ratio of the two component starting

materials.
R + R'X' ——y BR + RR' + R'R!
In the reaction if one of the components, say RX, is

more reactive, then 1t would be completely used up in the

formation of RR, When the reaction is continued for a longer

time or under more drastic conditions, another component, R'X'

reacts to give R'R', Thus symmetrical biaryls are the only
products of £he reaction. In such s case the formation of RR'

may be favoured by changing either -X or - X' in the starting

"/



materials so that aromatie halides are of equal’ reactivity’

" for example; Sadier and Powell ( 3, bmer. Chem. Soc., , 1931{-
56, 2659 ) obtained ( &) from ( B ) and ( B ) in 20 4
vield¢ while Stewart and co-workers ( J, Chem. Soc., 1944,
71 ) obtained it in 68 % yield from (¢ ) and ( D Y. In the
latter case both the components are cvaf’more neéir-ly aqual
‘reactivity, since the lower activity of bromine as compared
to iodine[ ls compensated by the greater activation effect of
the nitro group as compared to the carboethoxy group.

| £P0Gus o LOOGug 0y
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B X=Ry D, %= By A

€, x= L E, %= T

The success of such a reaction also depends on the
feasibility of separating the desired product from the
' symmetrical biaryls. This may be accomplished if the chemical
or physical properties of the blarylsdiffer sufficiently. ‘
Another condition which favours the unsymmet#icalhbiaryl
formation 1s the presence of an excess of less reactlve
component. Rule and Smith ( I, Chem. Soc., 1937, 1096 ) .
- studied the reactﬁﬁ of picryl chloride and iodobenzene and
obtained 2,4,6-trinitrodiphenyl as the only detectable product.

Moy Mo,
. - o,
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Several intramlecular Yllmann reactions have also
been reported in,literature. Lothrop ( J. 4mer, Chem. Soc.,
1941, 63, 1187 § 1942, 6k, 1698 ) synihesised biphenylene and
several of its derivatives'by the treatment of appropriately

substituted 2,2'-dihalogen biphenyls with cuprous oxide.

4 -~

' . Cu O - l ‘
X ‘ NS

Cornforth and Bobinson ( J, Chem. Soc., 1942, 68k )

\

h' 4

/

synthesised 2,7-dimethoxy-9,10-dihydrophengnthrene by
intramlecular Ullmann reaction on appropriately substituted
dibenzyl derivative.

Cyclic products may also be obtained when polyhalogenated
compounds are subjected to ﬁhe conditions of Vlimsann reaction.
Thus Scholl et al. ( Ber., 1910, 43, 2202 ) obtained perylene

from 1,8-diiodonaphthalene.

o
N
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&g regards the'experimental conditions copper -bronze

‘has long been one of the mst commnly employed forms of the
metal. Brady and MeHugh ( J, Chem, Soc., 1923, 2047 ) .
successfully used freshly precipitated copper. This was
prepared by treatment of zine dust with copper sulphate solution
followed by washing with alcohol and ether and drying. However
Ulimenn ( loc. cit. ) and Schreiner ( J, Prakt. Chem., 1910, .
81, 422 ) observed that mechanically‘pulverisec’i copper was
preferable to the chemically brecipitated copper. Kleiderer
and Adam?g ( J. Amer, Chem. Soc., 1933, 55, %219 ) recommended
activatién‘of coppér bronze by treatment with iodine in
acetone followed by washing with hydrochloric acid and acetone
and drying in a desiccator. They state that ordinary copper
bronze at times gives poor results in the Ullmsnn reaction,

" this simple treatment ensures more uniform results and
frequently mskes possible a2 more rapid reaction atjiower
temperature, A ‘

A generous excess of copper is alwayé used in the

Ullmann reaction. Bince the resction is exothermic only a
small portion of the copper is placed in the reaction mixture
at the outset, the remainder of the metal is added in smell
portions during the course of the reaction. fhe temperature L
employed in the Ullmann reaction varies from 100.360° depending
upon bhe activity of the aromatic halide. Beactions of the
compounds containing the nitro group must not be carried out
at a tempefature exceeding 240°, otherwlse reduction of the

nitro group by the copper occurs. Usually the exothermic
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reaction may be moderated by the use of a diluent. The

organic substances used as diluents are nitrobenzene, p-Cymene,
biphenyl, anthracene and diphenyl ether. Sznd has also been
employed as & diluent. Mennk@é end his co-workers ( J, Chem,
Soc., 1940, 1379 ) reported improvement in yield when the
reaction wes carried out in an atmosphere of nitrogen. Copper
powder added to the reaction mixture rapidly settles to the
bottom of the reaction vessel and must be stirrea to expose

the active surface of the metal.

Machanism

Rapson and Shuttleworth ( Nature, 19W1, 147, 675 )
sugge sted the possibility of = freé radical mechenism for this
reaction. *owever, in 211 ceses in which the Ullmann reaction
has been carried out in the usual way, biaryl bond formation
was observed to occur at the carbon atom from which a reactive
halogen atom had been displaced. Since the existence of the
free radical intermediate would be expected often to lead to
a varlety of,products, it cannot be considered a plzsusible
mechanism for the normel reaction. Gilmen and Straley ( Req
Irav, Chim,, 1936, 59, 821 ) who studied the prepzration and
feaction of orgarmocopper compounds pointed out thet although
R.Cy compounds are known to undergo coupling to yield HR
compounds , it is not knowm whether the organocopper compound
of this type is formed as an intermediate in the Ullmann reaction.
A Rg-cu compound has also been suggested>as 2 possible
intermediate in the coupling reacéion but there is no

experimental evidence for the existence of such 2 compound.
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suqaqested Ty Farvs, (_\oc;.c;y.)
A possible mechanism of the reaction,\consists of
two conseauitive steps ( 1 ) a nucleophilic reactiozﬁ‘ of
copper with the aromatié halide"to form an activated complex
at the metal surface. The occurrence ofy thds step 1s governed
largely by the nature of the aromatic halide,amnd ( il )fffhe
reaction of the activated complex with & second mplecule of
aromatic halide to form a2 biaryl molecule plus copper halide.
This reaction is governed by sterlc effects to a greater extent.

Synthesis of bichromonyls, bif}.avonzls and phenyl

chromonesand flavones

Chen and Liu ( J. Taiwan Pharm. Soc., 1953, 3, 53 j
C.A, 1955, 49, 5464 ) synthesised 3,3'-biflavonyl by the
Ullmann reaction on‘-3-bromf1avo'ned. Tﬁey further reported that
the Ullmann reaction on 6-brom=-, 7-brom-, h4t-iodo- and
6-brom -l -methoxy flavanol derivatives did noJ‘t; succeed.
Mahe gh and Sesghadri ( J. Chem. Soc;., 1959, 2503 ) obtained
a biflavonyl derivative as a by-pz;'oduct in the oxidation of
5,7,4'=triacetoxyflavanone with Fenton's reagent-in acid
medlum by dehydrogenative coupling. in the 3-po sition. Chen
et al. ( Proc. Chem, Soc., 1959, 232 ) have synthesised
symmetricai biflavonyls from 3=bresmo=,6-iodo-,6-iodo-l'~
methoxy-, 7-iodo-, 7-10do-L'-methoxy-,8-iodo-,8-brom-,
8-chloro-, 3'-1odo- and 1{~’--:.oélo--:E‘].am'm'ze derivatives by the
Ullmenn reactlon. Very recently after the present work was
complete Jurd ( Chem. and Ind., 1961, 322 ) reported the
synthesis of 7, ?’-dimethoxy-S 8ta blmavonyl and 7, ’7' b hta

tetrame thoxy- 8, 8 . bifiawvonyl fro m the correspo ndlng

-~



173

8-lodoflavone derivatives by the Ullmann reaction,

The interest ~:in this field has increased in recent
Years because of the dlscovery that Eiﬂa{rqnyl derivatives
occur in nature. Thus Sotetsuflavone, Ginkgetin, Isoginkgetin
Kayaflavone and Seladopitysin isplated from various plants
have been found to be bifiavonyl dérivatives, with carbon-
carbon 3.inkage)by degradation, spectroscopic and other
evidences ( Fué;}:awa, Scl, Papers. Inst. Phys., Chem. Res,
Tolkyo, i932, 19, 27321933, 21, 278 3 Makazawa, J. Pharm. Soc.
Japan, 1941, 61, 17%, 228 ; Kariyone and Kawano, J, Pharm,
Soc., Japan, 1956, 76, L8 ete § Baker et al. Proc. Chem.
Soc.y 1959, 91, 269 ; Kawano and Yamada, Yakugaku Zasshi,
1960, 80, 1576 5 C.A., 1961, 5%, 1042k ), ‘ .

R R! "R'! Rt
Sotetsuflavone H ' 5 g
Ginkgetin Me M - -
Isoginkgetin H M H e
Kayaflavone H Me Yo Yo ,
Sciadoplitysin Mo Me . H e

Hinokiflavone isolated from the leaves of
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Cryptomeria Japonlca has been showm to be 2 biflawonyl ether
( Fukui and Kawang J.- Amer, Chem. Soc., 1959, 81, 6331 )

OH

Hinowniflavone

s

N . lo. bichromonyls appear to have beén reported so
far in 1iteratu15'e.> .

Only a couple of chromones with & phenyl substii;uent
in the benzenold part have been reported. Watson ( J. Chem,
Soc., 1916, 109, 305 ) reported the synthesis of B8-phenyl-
chromne-2-carboxylic acid from 2-d;phenylyloxyfumaric acid
by sulphuric acid treatment, Later Cheetham and Hey, ( J.
Chem. Soc,, 1937, 770 ) reported the synthesis of 6-pi1eny1-.-
3-acetyl-2-methylchromne by the Kostanecki~Robifnson
acetylation of h-hydroxy-3-acetylbiphenyl. The same authors
reported the synthesis of &phenyl-;a-methylchromne by the
cyclisatlon of the p-diketone obtained by condensation of
h—hydroxy-3-aeetyibiphenyl with ethyl acetate and sodium. )

Symmetrical bichromonyls and biflavonyls have lbeen
synthesised by the Ullmann reaction on 8eiodo~ and 6-iodoe
7-methoxy-é—methylchronnne, 7=-nethoxy=-8«indflawne and
7-methoxy-6-1iodo-3-benzoylflavone, 8-Phenyl derivatives have
been obtained from 7-methoxy-8-iodo-2-methylchromne and 7-methoxy-
8-lodoflawvone by the crossed Ullmann reaction with iodobenzene.
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‘Ullmann reaction on 7-mebhoxy=8-iodo-2=methyl chromone

7-Methoxy-8-i0do-2-methylchromne ( I ) when
subjected to Ullmann reaction with copper bronze at 230-235°,
gave & mixture of two produets ( 4 ) m.p., 249° and ( B ) m.p.
110° both of which had no iodine. The product ( B ) wes found
to De 7-methoxy=2-methylchromone. The less soluble product
has been assigned 7,7'-dimethoxy-2,2'-dimethyl-8,8"%-
bichromnyl structure ( II ). ‘

The 8,8'-bichromnyl derivative ( II ) with either
hydriodic acid in écebic anhydride or aluminium chloride in

dry bengene gave the demgthylated product 7,7'-dihydroxy-2,2"'-

U
~
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dimethyl-8,8'~bichromonyl- ( III ),

When the sbove reaction was carried out by slowly .

3y

B N
raising the temperature to 230Y the yleld was inferior. Use

of diphenyl ether as a dilu”entp in the above reaction yielded

Oonly a brown gummy mass which could not be purified.

Ullmann reaction on 7=me 510 XY= 6= 10 d0=2=me thylchromre

7-tetho xy-6-iodo-2-methylchromone ( I ) on
Ul;mann 'reaction with copper bronze at 245-250° gave a mixture
from which 7-methoxy-2-methylchromone and an iodine Tree
product m.p. 282° to which 7,7'-dimethoxy-2,2'-dimethyl-6,6" -~
bichromonyl ( W¥iI ) structure hés been assigned were isolated,
With eluminium chlorigie the zbove bichronnnyl\ derlvative

( &7 ) gave the demethylated product 7,7'=dihydroxy-2,2"-
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dimethyl«6,6'-bichromnyl ( VI ).

Ullfmanp reaction‘on 7-methoxy-8=iodoflawne

7-Methoxy=8-1odoflavone ( VII ) on Ullmann reaction
with copper bronze at 240-250° gavé an iodine frse product
Mepe 238-240° which was different from 7-methoxyflavone. It
has been assigned 7,7!'-dimethoxy-8,8'~biflavonyl ( VIII )
structure. It was obté:ined in inferic'r vield by carrylng
out the reaction in diphenyl ether. On demethylation with
either aluminium chloride or hydriodic acid 1t gave 7,7'-

dihydroxy-8,8'=-bifLlavonyl ( IX ).
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. Ullmann reaction on 7-methoxy=6=iodo=3=benzmylflavone
2,2 -Dimgthogz =3,3" dibenzozl-6,6'-biflavonx

Attempts to synthesise 7mmetnoxya6~iodof1avone

dld not succeed as mentioned earlier ( p.\93 ) as during the
debenzoylation with alkall the heterocyclic ring was
ruptured and iodo phenolic ketone and acid were obtained.

In view of this 7ametnoxya@§30doa3~benzoylflavane ( X) was
subjected to Ullmann reaction at 2380.290°, 4 product which
dlid not contain Iodine and which melted at 315° was obtained
to which 7,7'-dinethoxy-3, 3'-d1beazoy1-£;)&'-blf1avony1 ( XI)
structure has been assigned. 7~Méthoxy~3cbenzoylflavone

was also isolated from the mothéapyr liquor.

cy

e puve producd .
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Attempts to demethylate the biflavonyl derivative
e.ither wi1l;h aluminium chloride or hydriodic acid did mot give
& pure product. Attempts to debenzmylate the product with
sulphuric acid aleo 4id mot succeed.

Crossed Ullmenn recction between 7-methoxVe8-iodoe

2-methylehromne and iodobenzsne

7‘.Methoxy-8niod§»2amethylchromne ( I) on crossed
Ullmann reaction with iodo-bengzene in presence of copper
bronze gave a mixture of various products from which ghe
following products were 1lsolated ¢ ;

( 1) biphenyl, ( ii ) 7 7'-d1methoxy-=2 2'-dimethyl-
8 8‘-bichrorronyl, ( 1ii) V-metmxyawmethylcnromne and ( Iv )
an lodine free product m.p. 180° to which 7-methoxy-8-phenyl-
2-methylchromone ( XII ) structure has been assigned. It was
demethylated with- aluminium chloride in dry benzene to

7=-hydroxy-8-phenyl-2-methylchromne ( XIII ), )

o
tup d i T

L

Todobkenrene
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Crossed Ullmenn reaction between 7Z-methoxy-8-

1

iodoflavone and iodobenzene

J=Mathoxy=-8=iodofiawne ( VII ) when heated with
iodobenzene in presence.df copper bronze gave a mixture of
various products from which the fo;lowing products were
isolated @

( 1) bviphenyl, ( i1 ) 7,7'-dimethoxy-8,8'-biflavonyl,
( 1ii1i) 7~ﬁethoxyf1avone and ( iv ) én lodine free ﬁroduct
m.p. 168° to which 7-methoxy-8«phenylflavone ( XIV ) structure

has been assigned. This wes demethyleted with aluminium

1

Ty

+I0do bevaens

+ Bewnieng
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i

chloride in dry benzene to 7-hydroxy-8-phenylflavone ( XV ).

As the hydroxy bichromonyl 'a;nd biflavonyl derivatives
( IiI ; ¥, IX ) were not available in sufficient quantity
experiments to sée ir 'they‘could. be fésolved into optical
?Lsomers could not be carried out., It may&%zenticned here that
in Ginkgetin, Isogiﬁkgetin and Scladopitysin ( p.\73 ) optiecal
activity could not be detected ( “Baker*ta:tl{e}l.-k’roc. Chem,
© Soc.; 1959, 91 ) | | |



EXPERIMENTAL

i Ullmann reaction on 7-methoxy-8-iodo-2-methylchromone:

7;2LDimethoxx—2,zﬁdimethxl—8f8£bicg§omogz;
?Methoxy58-iodo—e—methylchromcne ( 3.16 g+ 3

0.01 mole ) was thoroughly mixed with copper bronze

( 1.89 g« § 0.03 mole ). The tube containing the reaction
mixture was inserted in a previously heated oil bath at
230-—235° stirred and kept there for five minufes. The
reaction commenced immediately. A little product sublimed
on the cooler part of the tube. This was found to be |
7 -methoxy-2-methylchromone. The brown reaction mixture was
powdered and then extracted twice with hot petroleum ether
( beps 60-86’) The petroleum extract ylelded a small
quantity of 7~methoxy~2-methylchromone.

The residue was further extracted repeatedly
with benzene. The benzene extracts on dilution with
petroleum ether gave a tarry mass which was removed and
the solution was kept over-night in a refrigerator when
a solid separated which crystallised from dilute aleohol
in colourless lustrous plates, m.p. 249° . Yield 0.15 g.

' ‘Some decomposition of the iddo derivative
oceurred when the temperature was slowly raised to 230-235o
and a poor yleld of the biflavonyl derivative was obtained.

When diphenyl ether wés used as a solvent in

the above reaction no pure product could be isolated.



Apalysis &
4.7%46 mg. of the substance gave 12.142 mg.
of carbon dloxide and 2.00% mg. of water. ‘

Found : C.= 69.82 % 3 H = 4.72 %.
CoH1g0¢ requirés : C = 69.83 4 3 H = 4,80 %.

7 z‘—Digxﬁroxz-2,2i-dimeﬁgszB.Bt-b}chromonzl
The above bichromonyl derivative ( 0.2 g. ) was

dissolved in acetic aphydride ( 10 ml. ) and heated with
hydriodic acid ( 5 ml. ) at 125-130°or 3 hr. The product
f obtained on adding the reaction mixture to sodium hydrogen
sulphite solution was purified through dilute sodium
hydroxide solution. It came out from dilute ethyl alcohol
as a brown powder, m.p. 365 ° ( decomp. ).

The same demethylétéd product was obtained on
refluxing the bichromonyl derivative ( 0.2 g+ ) in dry
benzene ( 20 ml, ) with aluminium chloride ( 0.4 gs’)

for 3 hr. |

Analysis :

4.502 mg. of the substance gave 11.312 mg. of
carbon dioxide and 1.698 mg. of water.

Found § C=68.57 4 § H= 4.22 %.
CaoH10¢ requires : C = 68.57 % s H = 4,03 %.

Ullmann reaction on 74methoxz-6—iodo-2-methylchromoné :

2,2'-Dimethoxx—2,2'—dimethzl—G,é'-bichromogxl
7 -Methoxy-6-iodo~-2-methylchromone ( 3.16 g. 3

0.01 mole ) was intimately mixed with copper bronze ( 1.89 g. ;
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0.03 mole ) and taken in a tube vhich was inserted in a
previously heated oil bath at 240-245° and kept there

' for f;ve minutes. The reagtion mixture was powdered and
extracted with hot petroleum ether. The product obtained
from the petrbléum etherAextract was 7-methoxy-2-
methylphromone. \ ‘

The residue after extraction with petroleun
ether was further extracted with hot benzene. The benzene
extract on dilution with petroleum ether gave a tarry mass
.which was removed by filtration. The filtrate on keeping
over-night in the refrigeraﬁcr gave a solid product whiech
erystallised from dilute acetic acid in colourless needles,

m.p. 282° . Yield 0.15 g.

Analysis s
4,362 mg. of the substance gave 11.03 mg. of

carbon dioxide and 1.936Amg. of water.
c=69008%,H=)+095%0
C=69.80% 3 H=14.80% .

-

Found

as

C22H180¢ fequires

-

2,2'—Dihzdroxz-Z,ZJ-dimethxl-é,6w-bichromonzl

The above bichromonyl derivative ( 0.1 g. ) was
‘refluxed in dry benzene ( 20 ml. ) in presence of
anhydrous aluminium chloride ( 0.3 g. ) for 3 hr. The
product obtained on working wp as usual was purified througb
so@iﬁ& hydroxide tﬁeatmént; It came down from a 1afge amount

of acetic acid as a'bro§n>pqwder, m.p. > 400 .



Analvsis ¢

4,146 mg. ‘6f the substance gave 10,434 mg,
of carbon dioxide and 1.700 mg. of water.
C=68.57% 5 1 =562
C =68.60 %2 5 H==5403 7.

Found

*e

a1}

*e

CaoHy 40 requires

Ullmann reaction on 7-methoxy-8-iodoflsvone @
7:2'=Dimethoxy=-8,8'-biflzvonyl
. 7~thmx§-8«iodoﬂamne ( 3.78 go 3§ 0.01 mole )
dissolved in dry diphenyl ether ( 20 ml, ) was treated with

copper bronze ( 1.89 g. § 0.03 nble ) and a2 trace of iodine
and the reaction mixture refluxed on 2 wire gauze for half
an hour with an air condenser. The reactlon mixture was
filtered while hot and the filtrate was steam distilled
to remove the diphenyl- ether. The brown pasty resiciue we.s
dried and extrected with benzene. The bengene extract was
diluted with petroleum ether, when & s0l1d product was
obtained which crystallised in colourless silky needles
from dilute ethyl aleohol. It softens at 168° and melts at
238-240°, Jurd ( loc. cit. ) reports the ssme m.p.. Yield 0.1 g.
‘ Analysis ¢ '

4,432 mg, of the substance gave 12,372 mg. of
carbon dioxide and 1.830 mg. of water.

Found : C=76,18% 35 H=4,62 %,
H = 4,38 %,

The same product was obtalned in a little better

yield ( 0.15 g. ) by heating the ilodoflawvone ( 3.78 g. }
0.01 mle ) with copper bronze ( 1.89 g. 3 0,03 mle )

id

C32H2206 I;equires s C= 760""9 %

e
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without any solvent in an oil bath for 10 minutes at 2k0e°,
7-Methoxyflavone was recovered from the mother
liquor.
2,2’-Di hzdro;g»S,S’«biflavonz
‘ The ahove biﬂavonyl derivative ( 0.2 g. ) was
heated with acetic anhydride ( 10 ml. ) and hydriodic acld
( 5m. 3d. 1.7 ) in an 0il bath at 125-130° for 3 hr,
The product obtained was purified through sodium hydroxide
treatment and erystallised from a large smount of acetic
acid,in gellowish powder, meP. 392° ( decomp. ).Jurd ( loc.
cit., ) reports that it melts above 350°. ,

[

Adnalysis @ \

4,080 mg. of the substance gave 11.296 mg. of
carbon dioxide and 1.494 mg. of water.

Found : C=175.5% 3 H= 410 %.
C30H;50¢ fequires s+ C =759+ % 3 H= 3,82 %.

e

Ullmann reaction on 7-methoxy-t«iodo=3-benzoylflavone ¢

yAVA aDlmetkaZnig;i =dibenzoz -6, 6'=biflavonyl
7-Mathoxy~6-iodo»3=benzoyli‘1avone (1.73 g« 3

0.005 mle ) was intimotely mixed wilth copper bronze

( 0.95 go 3 0.015 mle ). The tube containing the reaction
ini:xture was Inserted in a previously heated oil beth at
280-290° and kept there for five minutes. The reactionv
mixture was powdered and extrected repeatedly with th |
benzene. The benzene extract on dilution with petroleum
ether ( b.p. 60-80° ) gave a tarry mass which was remved by
filtration and the filtrafe on keeping over-night in the o

refrigerator gave a s0lid product which crystalllsed from
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dilute acetic acid in colourless needles, m,p. 315°. Yield

0.12 g. The mother liguor gave 7-methoxy -3 -benzoylflavone.
analysis : |
'4.108 mg. of the substance gave 11.658 mg.

of carbon dioxide and 1.696 mg. of water. |

| 1 C=7745% 5 H = 62 %

CueH3oO0g  rTequires s C = 77.74 % 3 H = 4.22 7.

Found

L 14

Attempted demethylation of the biflavonyl
defivative ( 0.1 g« ) with aluminium chloride ( 0.3 g. )
by refluxing in dry benzene or with hydriedic acid ( 10 ml. ) and
i.. acetic anhydride ( 10 ml. ) did not givé any puré product.
Attempted debenzoylation of the above biflavonyl
( 0.1 g« ) by gently refluxing its solution in 70 4
éulphuric acid ( 20 ml. ) gave the original biflavonyl.

Crossed Ullmann reaction between 7-methoxy-8-
iodo-2-methylchromone and iodobenzene : 7-Methoxy-8-

ehenyl -2-methylchromone

7 -Methoxy-8-iodo-2-methylchromone ( 3.16 g. j
0.01 mole ) was intimately mixed with copper bronze
( %40 g. j excess ) and iodobenzene ( 4.14% g. ;10.02 mole )
in a tube équipped with a short air céndenser. The reaction
mixture was heated in an oil bath at 235-240 for half an
hour. The reaction mixture was then extractéd with colad
~ petroleum ether ( b.p. 60-86°) to remove the unreacted
iodobenzene and biphenyl. The residue was then repeatedly

extracted with hot benzene and petroleum ether ( 50 % )

1



mixture. The residue from the extracts cr&séallfséd in ‘
colourless needles from dilute aleohol, m.p. 180°. Yield |
.15 g o _
Analxsi
5.706 mg. of the substance gave 16.034~mg‘
of carbon dioxide and .756 mg . of water.
= 76,69 % 5 H
CypHy 03 requires : C ; 76.67 % 3 H

5.40 %Z.
530 %
The residue remgining after eitraction with

benzene was 7,7 '-dimethoxy-2,2 '-dimethyl-8,8 '-bichromonyl

Found

i¥ 1]

s

‘

derivative described earlier.
7-Hydroxy-8-phenyl ~2-methylchromone
7—Methoxy—8-ph§nyl-e—methylchromone (0.1 2. )

wasidissolved in dry benzene ( 20 ml. ) and refluxed on
a wire gauze in presence of anhydrous aluminium chloride

( 0.3 g+ ) for 3 hr. The product obtained on working up

the reactlon mixture as usual was purified through sodium

hydrox1de treatment. It crystallised from ethyl alcohol
in colcuriess qeedles,-m.p. 234 °,

Analysis :

4,894 mg. of the substance gave 13.620 ng.
of carbon dioxide and 2.016 mg. of water.

Found :C=17595% 3 H=14.,50 %.
C1¢H1203 fequires : G = 7612 % § H = 4.80 %.

Crossed Ullmann reaction between 7-methoxy-8-

iodoflavone and_ iodobenzene : 7-Methoxy-8-phenylflavone

7 -Methoxy-8-iodoflavone ( 3.16 g. ;3 0.01 mole )



189

iea Y e ?

¥8s intimately mixed with copper bronze ( k. g. j excess )
and iodobenzene ( 4.1% g. 3 0.02 mole ) and taken in a ' "
tube equipped with,gn air condenser. The reaction mixture
was heated in an oil bath at 240-245°for 1 hr. It was theh
extracted with cold petroleum ether to remove the “
unreacted iddobenzene and biphenyl. The residue was repeatedly
extracted with benzene and petroleum ether mixture ( 1:1 ).
The residue from the combined extracts crystallised‘from
dilute acetic acid in colourless needles, m.p. 168 . Yield

Avalysis: U-bib wg. ohiie SubStamie Qave D -S6 may. of, Govbon dioxide amd  9-07'wy oot
0.2 Ee Fowmd - cx %07 %o 5 H= 507 %. ‘

Q7 Wuoy Mexwives:.  cn BT % ; we 1T o

The residue after extraction with benzene gave
7,7'—dimethoxy~8,8'—biflavcnyl described above.

7-Hydroxy-8-phenylflavone

The above 8-phenyl derivative ( 0.1 g; ) was
dissolved in dry benzene ( 25 ml. ) and refluxed on a wire
gauze with aluminium chloride ( 0.3 g. ) for 3 hr. The
reaction mixturé on working up as usual yielded a pfoduct
which after purification‘through sodium hydroxide treatment,
crystallised from efhyl aleohol in colourless needles, |
m.p. 265?. » ’

Analysis s
4.89%% mg. of the substance gave 13.620 mg. of
carbon dioxide and 2.016 mg. of water.

Found ¢ C = 75.95 % 3 H = 4.50 %,
CigH1203 requires : C = $ B = 4.80 %

76.12 %



