CHAPTER IV
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CHAPTER IV
THEORETIC-AL

. Biflavomyls '
The presence of flavones in plants has been

kmown since mary yearse. The. structures of mawy of them
have been establisghed and a large rmmber of them hagve
been synthesised. It is only in recent years that the
presence of a rew class of flavamids where two flavore
melel are joired together and which are thersfore
designsted as biflavornyls has been discovered.

The story of biflavornyls begins with the
- 1solation by Purukawa (1) of a'yellow phemlic product in
1932 from the autumn leaves of the Gingko biloba or
maidenhair tree. To this yellow phemlic compound he gave
the 5,8-dihydroxy-l’-methoxyflavone structure but the
synthesis of this compound showed that the structure was

incorrect. Examination of Furukawa’s eviderce led Baker (2)

and his co-workers to suggé st that the yellow product of
Furukawa which they named ?* ginkgetin *, probably had a
Iiigher molecular weight thah that corresponding to a
wormal flavarmmid structure. S they synthesised various
flavamids including furamflavores § but they were all
different from ginkgetin. Later, Nakazawa (3) showed that
girkgetin has a formula C3,H;,0,0 but the fonnula
suggested by him on the basis oé degradation products

~
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was later found to be incorrect. The discovery of other ~

Ratural products like kayaflavons and sotetsuflavone and
" their study led to the conclusion that all three had
similar skeletal structures am that these were biflavoryl
derivatives.
011is (4) has summarised the work done on
biflavonyls upto 1?61.
Naturally occurring biflavonyls : Several natural

biflavonyls have been isolated during the past few years
and their structures have been established by degradation
methods and by physical methods such as ultra violet and
infra red spectra. Ginkgetiﬁ; isoginkgetin, sciadopitysin,
kayaflavoneiisotetsuflavone are some of the important
biflavonyl derivatives isolated from gingko biloba,
sciadopitys vertieillata ( umbrella pine ), gymnosperm
torreyanueifera sieb et; zuce and cycad ¢ycas revoluta
thunb, respectively. The structures of the above
biflavonyls have been established. The structures with the
references to publications of the principal investigators

are given below 3
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Ginkgetin (1,3) Me Me it "
Isogirkgetin (é) H Me H Me
Seiadopitysin (5) Me Me H Me
Kayaflavone (6) H ‘Me Me Me
Sotetsuflavone (7) H H H H

Hinokiflavone (8) isolated {rom the leaves of

‘fcwyptomeria jeponica *> has been shown to be a biflavoryl

ethey,

OH

Himokiflavone
The biflavonyls are probably produced in the
plant by oxidative coupling of a flavamwid precursor
such as eplgenin or a closely related compound. This
could be followed by methylation of the di-epigeninyl in
various positions and this is in agreement with the
simultaneous oocur "ence of various biflavonyls in the

Same plant. It is also supported by the biflavonyl ether

-



100

structure of hinoki%lavone since it 1s recognised that
Oxidative coupling of phenols can lead either to dlaryls
Oor dilaryl ethers. It would be of interest if it could be
proved that a labelled epigenin is comverted into
labelled biflavonyl by feeding it to a suitable plant.
Synthetic biflavonyls : Mahesh and Seshadri (9)
in their attempt to oxidise narigenin triacetate with
Fenton s reagent (10) obtained 4:4’,:5,7,5,:731hexahydroxy-
3,3,ibif1avanony1 as a byproduct. They did mot give a
definite proof for this compound : but gave the bimolecular
structure to this compound because of the avallability of

a number of organic bimolecular compounds when the simple

b
Ones are oxidised with Fenton s "~~~ reagent,
—- =
‘ H
oH
~Z
S —

- 3

Chen and Liu (11) synthesised 3,3-biflavonyl by
the Ullmann reaction on 3-bromoflavone. They further
reported that the Ullmann reaction on 6-bromo,7 -bromo,

% t 9 -
4 ~iodo and 6~brom09k-methox%?1avanol derivatives did mot

succeed,
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Other symmetrical biflavonyls have‘been
synthesised through the Ullmam reaction on the
appropriate halogemflavones. Thus 3-bromo, 6-iodo,
6-iodo-4+zmethoxy, 7-iodo, 7~iodo—3+1methoxy, 8-iodo, 8-bromo,
8-chloro, 33—iodo and ’-fz-iodoflavpne derivatives were
Converted into their respective blflavonyls by Chen et al.
(12). Jurd (13) synthesised 7,7rdimethoxy~8,8fbif1avonyl
and ’;",7:4,4-’-tetramethoxy~8,é,-lbiflavonyl from the
corresponding 8-lodoflavone derivatives by the Ullmann
regetion, Demethylation of the above methoxy biflavonyls
with agluminium chloride in boiling benzene gave the
corresponding hydroxy biflavonyls. In this laboratory
Shah (14) has synthesised symmetrical biflavonyls by the
Ullmann reaction on 7-methoxy-8-todoflavone, and
7 -methoxy-—é-ﬁodo—3-benzoyli‘lavone. Recently, ginkgetin was
synthesised by Nakazawa and Ito (15) by the crossed
Ullmann reaction between 33-iodo —5—benzoyloxy-4+:7—dimethoxy
flavons and é'-benzoyloxy-—B—iodo -1+:7—dimethoxyflavone in
the presence of activated cbpper powder and subsequent

hydrolysis with 10 4 sulphuric acid in acetic acids.

I
CH | [/ \>0Cfls CH30 ‘ 7N ocHy

1
(.:5 Héoco \g@co
CHO © ]
o Lu R m/l
@ Hyalvslyss OH ot
< OH

Ginkgetin



[ ’ '
Chen (16) synthesised 7577-48,87=,3,37L ang
44" Ibiflavoryl derivatives by the Ullmann reaction on

methoxy iodoflavoms derivatives.

? ¥¥H
Mathai and Sethra (17) prepared 3,3 - and

6,6" “biflavoryls by cyclising the bichalkoyl derivatives,

3 »
obtgined from the condensation of 2,2:~and 4, h-dimethoxy

3,3-diformyl-bipheryls with 2-hydroxyacetophemne and
3 3

from the condensation of 4;4-dihydroxy-3,3-diacetyl-

bipheryl with benzaldehyde respectively,

OCHy O CHj "
CHO CH=CHCO @
d I OH

OH
N COCH;y

~
-~

CHO \/”cuzcuco </ \\

0c¢ H3 o CH3 o;'—‘

Se 02
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CHO

it O

KOH

SeCy

CO0a00O

The present work deals with the synthesis of the
hitherto unkrown

7,77-dimethoxy -6,6"-, 7,741 y4?77-tetrahe thoxy -6 3677=,
anmd 6,6”—dimethoxy~5,5?’—bif1avoml from the lodoflavores
deseribed 1~n Chapter II,
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Synthesis of 7.7’ »dimethoxy-6.6 +biflavonyl . by
Ullmann reaction on 7-methoxy-6-iodoflavone :

L

7 Methoxy-6-lodoflavone (I) when subjected to
Ullmann reaction with copper bronze at 214-0-2500 gave an
iodine free product m».p». 337 ° which was different from
7 -methoxyflavons. It has been assigned the 7,7’3-dimetho;qr..
6,6’ Ibiflavonyl (II) structure. It was also obtained by
Carrying out the reaction in diphenyl ether.

Roa

¢ ~, N

‘ )
Synthesis of 7,7 ik ltetramethoxy-6,6 ~biflavoryl

. ¥
by Ullmann reaction on 7.kt-dimethoxy-6-iodoflavone :

7,#’—Dimethoxy—6-io&oflavone (III) on UMllmann
0
reaction with copper bronze at 240-250 gave an iodine
- 0 4
free product m.p. 326 which was different from ‘7,%3-
LR R N X

dimethoxyflavone. To this 7,7 4,4 ltetramethoxy—é,és’?—

biflavonyl (IV) structure has been assigred,
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nthegis of 6.6-dimethoxy- ~biflavoryl by

Ullmann regetion on 6-methoxy~5-iodoflavone ¢

6-Methoxy-5-iodoflavore (V) on Ullmann regetion
with copper bronze at 240—2500 gzﬁre a product which diad
mwt contaln iodine and melted at 3360. This was found
to be different from 6-methoxyflavone. To this 6,6"-
dime thoxy -5,5”-biflavoryl (VI) structure has been

assigred.
O
ok, I
Cu
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With a view to synthesise unsymmetrical 106
biflavoryls it was thought of interest to study crossed
Ullmann reactioaé. Before proceeding with the crossed
Ullmann regection between two lodoflavores some crosséd
Ullmann regctions were carried out between iodoflavores
and lodobenzere and 7-methoxy~6-pheryl-, 7,4’-dimethoxy-6-
pheryle-, and 6-methoxy—-5—pherﬁr1f1avom synthesised,

Synthesig oi‘ 7-methoxy ~6~phenylflavone by crogsed

Ullmann reaction between 7-methoxy=-b6~lodoflavone

iodobenzere

o 7 -Methoxy-6-iodoflavore (I) on crossed
Ullmann reaction with lodobenzers in the presence of
copper bronze gave a mixture from which the following

products were isolated by fractional crystallisation s

« (1) 7,77-dimethoxy-6,6"”-biflavoryl (ii) 7-methoxy-
. ‘o
flgvone (111) an iodire free product m.p. 161 . To this
7-methoxy—6-phewlflavore' (VII) structure has been

assigred on the basis of tiae analysise.

g
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nthegis of 4 et ~6-pherwvlflavona
ro Ullmann reget between 7,4?~dimetho

iodoflavore and lodobernzere

) 7 ,4¥-Dimethoxy-6-iodoflavore (III) when heated
with lodobenzere in the presence of copﬁ:er brornze gave a
mixture from which the following products were isolated
by fractional crystallisation s

(I) 7,77, ,’ ’-&”l—tetramethoxy—é 6”-b1flavom1
(11) 7, l}’—dimetho;wflavom (111) an iodire free product
m.p. 200 to which 7, Y’ -dimethoxy-év—phe wlflavore (VIII)
structure has been assigred on the basis of the analysis.

Ty C
‘odobenéem

-..—-

0(“3

thesis of 6-methoxy=-5-phe 1f14vo"ne erossed
Ullmann resction between 6-methoxye5-iodoflavore and

iodobenzerse

A 6-Methoxy-5-iodoflavone (V) on crossed
Ullmann réaction with lodobernzere in the presence of
copper bronze gave a mixture from which the following

products were isolated by fractional crystallisation s

(1) 6,6”-dimethoxy-5,5"-biflavoryl (i1) 6~

: 0
methoxyflavore and (1i1) an iodire free product, m.p. 223

N



to whieh 6-methoxy-5-pherylflavone (IX) structure has
been assigred on the basls of the analysis.

3O ety
Cffg@ Iooiobanje he
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—

108

ttempted synthesis of Y.dimethoxy ~8.6¥’-biflavo
erossed Ullmann reaction between 7-methoxy-8-iodoflave
nd 7-metho ~icdoflavo

7-Methoxy -8-iodoflavore and 7-methoxy-6-iodoflavore
on Ullmann reaetion with copper bronze gave a pasty
product which did mt give ary pure product on fractioml
erystallization., The same pasty product was dissolved in
chloroform and chromatographed over aluming when only
7-methoxyflavore was obtalred in pure form, the other
elutes gave ke pasty productswhich could mot be purified
further,

§
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EXPERIMENTAL ‘

Ullmann reaction on 7-methoxy-6-iodoflavome: 7,7V~
Dimethoxy-6,6"-biflavoryl

7—Methoxy—6—iodorlavone (3.78 go) dissolved
in dry dipheryl ether (20 ml,.) Was\ treated with copper
bronze (1.89 g.) and a trace of iodire and the reaction
mixture refluxed on a wire gauze for half an hour with
an air-condenser. The reaction mixture was filtered
while hot and the filtrate diluted with petroleum ether
(bope. 40-60"). The solid obtaired crystallised from
acetic acid in white needles, m.p. 3370.

The same product was obtaired by heating the
iodoflavone (3.78 go) with copper bronze (1.89 g.)
without any solvent in an oil bath for 10 mimtes at

0
240-250

750% § H= 4.8"" %0
760’""9 3 H= ll‘038 %0

Analysis : Found s C
03232206 réquires $ C

. 7=Methoxyflavore was re\covered from the mother

liquor.

Ullmann resction on 7.4°-dimethoxy-6-iodoflavore :
299

2,24 4" etranet hoxy =6,6"=biflavoryl

7,47 -Dimethoxy-6-iodoflavore (3.96 ge) was
thoroughly mixed with copper bronze (1.89 g+)e The tube
containirg the regction mixture was inserteddin g previously
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heated oil bath at 240-250°, stirred and kept there for
10 mimtess The brown reaction mixture was powdered and
extracted with acetic acid. The above extract was diluted
vith Water when a solid ‘separated which was crystallised

0
from acetie acid in white needles, m.p. 326 . -

The same product was also obtained when 7,4’~
dime thoxy-6-~1iodoflavo ne (3.§6 g.) dissolved in dry
. dipheryl ether (15 ml,) {Vas treated with coppér bronze
(1.89 ge) and a trace of iodire. The reaction mixture
was refluxed on g wire gauze for half an hour with an
alr condenser. The reasction mixture was filtered hot
and the filtrate on cooling gave a solid product which

was crystallised from acetic acld as above.

72053 H H= )+.53 f/:n

Analysis : Found : C=
C34Hz¢0s requires & C = 72,61 § H = 4.63 %o

Ullmann regction on 6-methoxy-5-iodoflavore : 62~
QMetho;ﬂ—ﬁ, 57-biflavoryl “

‘ 6~Methoxy-5-iodoflavore (3.78 g.) dissolved in
dry dipheryl ether (10 ml.) was treated with copper bronze
and a trace of iodire amd tl';e reaction mixture refluxed
on a wire gauze for ore hour with an air condenser. The
reaction mixture was filtered while hot. ;Ehe filtrate on
cooling gave a product which was flltersed and washed with
petroleum ether. It ecrystallised from acetic acid in
shining sgquare plates, m.pe 335-3360. The same product

»
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A\

could be obtained when iodoflavore with copper bronze
x . o
was heated in an oil bath at 240-250 .

Anglysig : Found : C= 7648 53 H= 4.50 Ze
C32H2.06 requires s C = 76.49 5 H= 4.38 %.
c d Ullmann regetion between 7-metho ~iodo~-

flavore and iodobenzere : 7 -Methoxy -6‘-ghe mlflavere .

_7-Methoxy~-6-iodoflavore (3.16 g.) Was intimately
mixed with copper bro nze (440 g.) and iodobenzere (k.ll g.)
in a test tube equipped with~a short air condenser. The
reaction mixture was heated in an oil bath at .‘2500 for an
hour with oeccasional shaking. The reaction mixture was
then extracted with cold petroleum ether (b.p. 40-60")
‘to remnove the unreacted iodobénzem and bipheryl. The
residue was then repeatedly extracted with hot bermzene
and petroleum ether mixture (1 : 1). On cooling the above
4 extract a product was obtaixgsd which erystallised from
berzere in shining needles, mepe 1610.

A!@lﬂ Si§ ¢« Found : C= 8040 3 H= )+09Li‘ %o
CasHi¢03  requires : C = 80.48 4 H = 4,88 %.

7~Methoxyflavore was recovered from the mother
liquor.
‘ The residue after extraction gave 7,7P-dimethoxy-
6,6”-biflavoryl described earlier. |

-«
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Crogsed Ullmann reaction beWeeg?.%’ ~dime thoxy 6~

lodoflagvore_and iodobenzere s 2,&’ ~Dimethoxy-6-phonyl -~
flavone

7,%’-Dimetho;q—6-—iqdoflavom (3420 go) was
intimately mixed with copper bronze (4.40 g.) and iodobenzere
(4,14 go) in a test tube equipped with a short air-
éondense_r. The reaction mixture was heated in an oil bath
at 2500 for an hour with occasional shaking. The
reaction mixture was extracted with cold petroleum ether
(beps ’+0-60°) to remove the unreacted iodobenzere and
biphenyl. The residue was then repeatedly extracted
wiﬁhi hot berzere and petroleum ether mixture (‘1 : 1)
to remove 7,4’-dimethoxyﬂavom. The residue was then
extracted with hot benzere and the product from the
berzere extract crystallised from dilute acetic acid
in white needles, m.p. 200 s |

&1@12813 : Found R c 77002 $ H= 50“‘3 %0
Co3Hig0y  requires : G = 77,09 3 H= 5.03 %.

The remaining residue was 7,4%°,7,4°°7Ltetra-
methoxy-6,6"-biflavonyl described earlier,

Crossed Ullmann reaction between 6-methoxy-5-iodo~
flavons and iodobsnzere 6—Methog—§-phégmlflgvom

6-Methoxy-5~iodoflavore (3.16 g.) was intimately
mixed with copper bronze (4,40 g.)A and iodobenzere (4.14 g.)

-
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in a test tube equipped w!.ith a short air condenser.

A

The reaction mixture was heated in an oil bath at 250°
for an-hour with oceca:sional shaking. The feactien mixture
was then extracted with cold petroleum ether (b.p.f-ro-éo )
to remove unreacted iodobenzere and biphe ryl. The

re§1due was .then extracted repeatedly with hot benzers
aﬁd petiz;oleum ether mixture (1 ¢ 1 ) . On cooling the
bbove extract a product was obtained which erystallised
from alcohol, mepe 223 N

Anglysls ¢ Found ¢ = 80.90 H= 5.08 Ze
C22H; 403 requires : C = 80.48 ; H = 4.88 .

-

e

i d
il

éfhfiet;hoxyflavom Was recovered from the mother
liquor.

The residue after extraction gave 6 6”-—dimethoxy-
5, 5”-b1f1avony1 de scribed earlier.
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