CHAPTER III

SYNIHESIS OF SOME BIFLAVONYLS FROM
BIPHENYL DERIVATIVES
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CHAPTER II1I
Synthesis of some Biflavoryls from bipheryl
dérivatives :

The presénce of flavores in plants has been
kmown since long. The structure of many of them have
been establighed and a large mumber of them have been
synthesiged. It is only in recent years that a new
class of flavamids where two flavone muclei are
joired together and which are therefore designated as
biflavoryls have been found in nature.

The story of the biflavonyls begins with the
isolation by Furukawal of a yellow phemoliec product in
1932 from the autumn leaves of the Ginkobiloba or
maidenhair tree. To this yellow phemlic compound he gave
the ;5,8—dihydroxy—1;~methoxyflavone stmctuzle but the
synthesis of this flavone showed that the structure
assigned to the nat_ural product was ircorrect. Examination
of Furukawa's evidence led Baker ard his o::o--wc:nr)z:ers2 to
suggest that the yellow product of Furukawa which they
named uGinkgetin”; probably had a higher molecular weight
.than that corresponding to a rormal flavamid structure.
They synthesised various flgvaroids including furano-
flavones, but all these were found® be different from
ginkgetin., Later, Nakazawa showed that ginkgetin has a
formula CapHp2050 but the formula suggested by him on the
basis of degradation products x;ras later found to be

_ ircorrect. The discovery of other natural products like
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Kayaflavorne and .Sotetsuflavone’ ‘and their study 1ec:1, to the
corclusion that all these had similar skeletal structure
and that these were biflavornyl derivatives.

()llj.s"A has summarised the work done on biflavonyls
-upto 1§61.

Naturally occurring biflavoryls :

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 ultraviolet and infra-red spectra.
Ginkgetin, isoginkgetin, seiadopitysin; kaya¥lavore,
sotetsuflavone are some of the biflavonyl derivativé,s
isolated from various plants. The structures of the
above biflavoryls have been established. The structures,
‘with references to publications of te principal

investigators;are given below :

‘R U w
Girkgetin  ° Me Me H
Isoginkgeti n2 H Me H Me
Scladopitysi ns Me Me H

Me
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é
"Kayaflavone H Me Me Me
Sotetsuflavone’ H H H H

Himkiflavone, isolated from the leaves of

Cryptomeria Japonica has been shown to be a biflavonyl

8
ether .

Hirmkiflavore

The biflavoryls are probably produced in the
plants by oxidative coupling of a flavamid precursor
such as epigenin or a closely related compound. This
could be followed by methylation of the diepigeniryl in
various positions and this is in aggrement with the
simultaneous occurrerce of various biflavoryls in the
sagme plant. It is also supported by the biflavornyl ether
structure of hihokiflavone sirce it is recognised that
oxidative coupling of pherols can lead elther to diaryls
or dlaryl ethers.
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Synthetie biflavoryls :
Mzhesh and Seshadri’ in their attempt to oxidise

narigenin triacetate with Fenton's reagent obtained
¥ 5.7,5,7-hexahydroxy-3,3-biflavoryl as a byproduct.
They did m£ give a definite proof for this compound
tut gave the bimolecular structure because of the
avallability of a mmber of organic bimolecular

compounds when the simple ones are oxidised with Fenton's

reaggent.

€ciHoco
1 <
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Chen and Liu synthesised 3,3~biflavonyl by the

Ullmann reaction on 3~bromoflavone. ‘They further reported
that the Ullmann reaction on 6-bromo—,7—bromo-—,1;—iodo-
and 6—bromo—’-(—methoxy—flavaml did ot succeed.

Other symmetrical biflavonyls have been
synthesised through the Ullmann reaction on the appropriate
halogeroflavones. Thus _é-bromo-,é'—iodo—,é-—iodo-k:—methoxv—,
7-10do -4-methoxy-,8-i0do-, 8~bromo-, 8-chloro-, 3-lodo-
and 4-iodo-flavone derivatives were converted into their
respective biflavonyls by Chen -e’t\‘.‘al.%a. Jurc'lL3 synthesised
7,7-dimethoxy -8,8-biflavoryl and 7,74, -tetranethoxy-8,8-
biflavoryl from the correspordirg 8-lodoflavone derivatives
by the Ullmann reaction. Demethylation of the above

%



methoxybiflavoryls with ‘aluminium chloride in boiling
~benzena gave the corresponding hydroxybiflavonyls.

Ginkgetin has been synthesised by Nakazawa and-Ito-z»x'L by

the cross Ullmann reaction between 3:1060-5-benzoylo:qr-1¢~/,7-
dimethoxyflavone and 5-benzoyloxy-8-iodec -L{,? ~dimethoxyflavone
in the preserce of activated copper powder and subsequent

hydrolysis with 10 4 sulphuric acid in acetic acide

& cu
(2) HOH

G‘inkgeﬁn

W

A In this 1aborat:or,v Shah? synthesised symmetrical
bif}.avonyls by the Ullmann reaction on 7-methoxy~8-~iodo~
flavore and 7-methoxy—é-iodo—3-benzoy1flavone.
Other possible routes to_symmetrical biflavoryls :
Other approaches to the synthesis of symmetrical
biflavonyls are péssible and it was thought of interest
to investigate some of them. One approach is to start
with a suitable bipheryl derivative and to build up the
heterocyclic rirg on each of the phenyl rings. This can be

‘
~
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done by various methods; available for the synthesis
_ of flavones. Some of these are given below.
(a) Kostanecki-Robinson gczlationié :

{\ ketore of the type (1) can be subjected to
Kostanecki-Robinson acylation by heating with the sodium
salt of an aromatic acid and its anhydride and the
biflavoryl (II) can be synthesised.

CeH5COQNa
—= W

ou (CyHg €0)0
COCH;

1

(b) A biphemwyl derivative such as (ITI) ean be subjected
»7?
to Baker-Venkataraman = transformation and a biflavonyl

such as (IV) can be synthesised,

CQCHS COCH2CO C Hg

0C0C5H5 V
OCO C:G

COCH COCHzcecaHb
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(c) Cyeligsation of g-diketoneg. T

A biphernyl derivative such as (V) can be
condenseﬁ with the ester of an aromatic acid and the
ﬁ—diketone (VI) obtained subjected to eyelisation in the
presernce of hydriodic acid to (VII).

~

N COCH,
N ~OCHy
(’/7
OCH, L%

X 60 aly

g o
o §
i:
b%
)
A\%
. o

OCH,

/' N\_J

NCOOEE
VIIl

Altermately, an ester such as (VIII) can be
condensed with an aromatic ketone am the B-diketore
formed cyclized with hydriodic acid to the corresponding
biflavonyl.

. ' 20
(d) Kostanecki ¢ chalcons method :
A ketone from a bipheryl such as (IX) can be

condensed with an aromatic aldehyde and thé bichalconyl
derivative (X) formed can be cyclised and dehydrogenated

2z \ .
with selenium dioxide . to get the biflavoryl derivative
(XD).



. oH
OH
COCH=CH~
COCHS
SO
. : COCH=CH .
oH

I

Alternately, one coiilld start with a diformyl
derivative of a bi_ghen&l such as (XII) and condense

61

SeOq
et

it with an o-hydroxy acetopherone to get a bichaleoryl

derivative (XIII) which can then be cyclised and
dehydrogenated to a biflavonyl derivative (XIV).

Xy CHO CH=CHCO- \ /
l G ©°H HO
X HO
T CHO cu:cu-co-@




62

It will be seen from the above that by starting
with a diacétyl derivative of a biphenyl one can obtain
a biflavonyl with a linkage between the two flavone
mclel in the bemzeroid part of tl®molecule and by
starting with a difomyl derivative of a biphernyl one can
synthesise a biflavonyl where the two flavonyl nuclei are .
linked through the side phenyl meclei.

In this laboratory Mathal and Sethnaaa hgve

FAR 4

synthesised some symmetrical biflavonyls such as (1)6,6-
dimethoxy-3,3~biflavoryl (2) 6,647 ,7-tetramethoxy-3)3~
biflavoryl (3) ¥,H-dimethoxy-3,3-biflavoryl (&) k57,7~
tetramethoxy-3,3-biflavoryl (5) 6,6-biflavoryl (6) ¥k~
dimethoxy-é,é'zbiflavorwl by étartirg with an apbropriate
biphenyl derivatives and using the above mentioned
approaches. They also synthesised the biflavonyls Nos.
1-5 by the Ullmann reaction on the appropriate iodo-
flavone derivatives to confirm the structures.

The present work which was started simultaneously
deals with the gynthesis of several new symmetrical

biflavonyls starting with suitable biphenyl derivatives.

N AN 4 YA/

Synthegis of 2,2,%,4-tetramethoxy=~3,3-biflavopyl (XVIT):
2,2,6,6-Tetranethoxy-3,3-diformylbipheryl (XV)
prepared by the ch]:orometkvlation of 2,2’,6,61tetraméthoxy
biphernyl and éubsequent Sommelet reaction on the resultimg
2, 2’,6,6’—tetrametﬁoxy-3,3’-d1ehloromethy1b1phew1 as
described in Chapter II was condensed with 2-hydroxy

acetopherons in the presermce of alcoholliec potassium hydroxide.

L]
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,CH=CH-CO

\ cHO
CHP L OCHg \ cHp \ OCHy H o
..s—..._....),.
CHz0 " O CH3 CHzO
A CHo
KXV ¢
NOg NOqo
CH /
30 QCHz CH3Q QCH3 Ho
J— -3
cCHO CH= CH~CO®
KVIli Kix
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- The orange red product obtained on acidification gave
tests for a chalecore such as (1) red colouration with
cone.sulphuric acid, (2) yellow colouration with acetone
(dry) solution of citric acid-boric acid mixture (Wilson
Test’ ) am (3) a faint colouration with alcoholic ferric
chloride':' . i'breover it gave a dlacetoxy derivative when
refluxed with acetic anhydride and fused sodium acetate.
2, 2“Dihydroxy -2, 2,4, ¥~tetramethoxy~3,3ybichaleonyl (XVI)
structure has therefore been assigrd to this product.
The above &chalconyl derivative on reflux;ng with
selenjum dioxide in iso“amyl alcohol gave a light yellow
compound which gave a yellow colouration with sulphuriec

LW )

acid. The Wilson test was negative. 2,2,&,¥;Tet,ramethoxy—‘
3',3”-'-biflavorvl (XVII) structure was assigned to this
compound. ‘

An attempt was made to synthesise the same
bifiavorwl derivative for comparison by an alternate
route as follows :- -

2,4-Dimethoxy -3 ~-nitro benzaldéhyde%(XVIII) on
condensation with é-hydrow acetophermone in the presence
of alcoholic potassium hydroxide gave 2’-—hydroxy—2,’-n—-
dimethoxy-3-nitro chalcone (XIX). The chalcone structure

was established by the formation of a mono acetyl derivative,

e

+ Faint colouration may be due to the very sparing
solubility of the bichalconyl derivative 1n alcohol.
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positive ferric chloride and Wilson tests and deep red
colouration' with sulphuric acid. On refluxing with
alcoholic hydrochloric acid a colourless compound,
isomeric with the chalcone, was obtained to which 2)4-
dimethoxy-3~nitroflavamrne (XX) structure has been
assigned. The above nitro chélcone on heating with %
selenium dioxide in amyl alcohol gave 2,Y4-dimethoxy-3-
nitroflavone (XXI) which was reduced to the amimflavone
(XXII) by stanmus chloride and hydrochloric acid. The
émimflavone on dlazotisation énd Sandmeyer g reaction
gave the iodoflavone (XXITI). This on Ullmann reaction
using diphenyl ether é.s solvent anafa&sgfwithouéi‘”syolvent
gave a deiodinated but impure compound which could not be
purified. ~
2,207 7 Hexamethoxy =3, Jgbiflavoryl (XXV)
2,'2',6,6’-Tetramethoxy_-—3,3'—diformy1biphen§rl (xV)

on condensation with 2-hydroxy-it-methoxy acetoph\emne

in the presemre of alcoholic potassium hydroxide gave

an orange fed product which gave tests for a chalcons and alse

Jave ) vt
. 'a pale yellow diacetyl derivative. 2)2-Dihydroxy-2,2,4,4;

li:',lf'—ﬁexamethoxy—:a,3'f~b1cha.1conyl (XXIV) -structure has been
assigned to 'the product. On reflﬁxing with selénium dioxide
in amyl alcohol it afforded a pale yellow product which

gave yellow colouration with sulphuric acid and Wilson

PR/ N/

test was negative. To this product 2,2,4,%,7 ,7’f-hexamethomr-
3,3¢piflavonyl (XXV) structure has been assigned.
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cHo . CH=CH-C.
Xy €H H-Co OCHz
- - H )
€HO aCHz enp _Fhoch HO
e .

CHzo OCHz CHO. AN oCHs “a

\CHO A CH=Ch-c0 ocHz

b8 '4 ,
XX1v

cHe CH=cH-co- R
ScHz \-ocus
! HO
CHJO F
CHGO CHEG l \ .
#
acHg | Aoch, 0
CHO CH=CH-CO R
KAV

XX Vil 6., R“:H
w X VI b, R= OCHJ

0 CHz

CHO 9 cHy

xXVII &, R=H ‘
xxvill b, R=0¢Hs
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Synthegis of 3,2,5', ifltetrggethnggz—&’,&’ﬂ s
biflavoryl €XXVIIIa) :

2,2, 5, 5-Tetramethoxy -4, ¥~diformylbiphenyl
(XXVI) prepared by the chloromethylation of 2,2)5,5%
tetramethoxybiphenyl and subsequent Sommelet reaction
as described in Chapter II, on condensation with
2-hydroxy acetophenone in the presence of glecoholic
potassium hydroxide gave an orange red product which
gave tests for a chalcone and also gave a pale yellow
diacetyl derivative. 2;25Dihydroxy-2,2;5,5-tetramethoxy-
%,4-bichalcoryl (XXVITa) structure has therefore been
assigned__to the product. The above bichalconyl derivative
on refluxing with selenium dloxide in amyl alcohol gave

LA 4

2,2,9, 5’-”tetrametl__1qz_w—¥i,1+”-I-biflave nyl (XXVIIla)..
©1. o s Synthegis of 2,7 5}, 547 7 =hexamethoxy - , k-
_biflavonyl (XXVIII b) : *

2,2,5, 5-Tetramethoxy —lt;, iy=diformylbipheryl
(XXVI) on condensation with 2~hydroxy-4-methoxy
acetophernone in the presernce of alecoholic potassium
hydroxide gave 2,2-dihydroxy-2,2.¥,% 5,5 hexanethoxy-4, 4~
bichalconyl (XXVII b). It gave a diacetyl derivative and
tests for a chalcone. When refluxed with selenium dioxide

;o

in iso amyl alcohol it afforded the 2,2,5’, 5’:,?,7Iihexametiuoxy—
i, Mebiflavoryl (XXVIII b) which gave tests for a flavone.

WV

Synthesis of h),lf,'6’,6,ftetrggethogz-3,3-
biflavoryl (XXXII a) :

2,2,k ,¥-Tetramethoxy-5, 5-diformyl biphenyl(XXIX)

.
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€ H=CH-CO- R
[SY s}
IO

L cH=cH-CO- R

= H
xxxa,R
xxxE,R:OC%

O

xxxﬂ&,R:H

e ——
’
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prepared by the chlorohethylation of 2,2)%,Y-tetramethoxy-
biphenyl and subsengent Sommelet repction on the 5,51
dichloromethyl derivative as described in Chapter II

on condensation with o-hydroxyacetophemwmrre in the

presence of alcoholic potassium hydroxide gave an orange
product which gave a diacetyl derivative and gave positive
tests for a chalcore. .,,2 Dinydroxy - +3L+ 6, b<tet ramet hoxy -
3,3-bichalconyl (XKL a) structure has therefore been
assigred to the product. On refluxing with alcohdlic
hydrochloric acid it gave the pale yellow isomeric 3’,3’fi
biflavamiyl (XXLI). 2 o2 Dihvfd“oxy—lf 6 6~ ~tetramethoxy -
3,3’ibichalno iyl when refluxed with selepium dioxide in
isoamyl aleohol furnished the 3,33biflavoryl (XXXII a)
which gave tests for a flavore.

-

Attempted synthesis of L, +.6 o.a'? 7-hexamethoxy -3, 3%

biflavoryl

2,2, 4, {~Tetramethoxy -5, 5-aiformyl bipheryl
(XXIX) on condensation with 2-hydroxy-+-methoxy
acetophemne in the presence of alcoholie potassium hydroxide
gave a yellow coloured product to which 2 2241 ihydroxy -
Y, i, 16, 6 hexamethoxy -3,3%bichaleoryl (XXX b)
striacture has hkeen assigned as it gave a diacetyl
derivative and colour reactions of a chalkore derivative.
It gave the origingl bichslcomyl (XXX b) on refluxing
with selenium dioxide in isoamyl alecohol.

. I/
Synthesis of 6.6~-biflavoryl

With a view to explore other approaches to the
\ : { os N
synthesis of biflavormyl I +=—d1benzoy10xy-—3,3»d1acety1-—

b



biphernyl {(XXXIIID) was’ subjected to Baker-Vankstaraman
rearrvangement as modified by Iooker et a125 which
consists in treating the o-benzoyl derivative with
powdered caustic alkali and pyridine,

Lx—,l%-/»l)z'_be rzoyloxy-—3,3ivdi acetylbipheryl (XXXIII)
when‘kept with powdered caustic potagh and pyridire for
L hours at room temperature gave the }B-diketorﬁ (XXXIV).
This on cyclisation‘by keeping in contact with cold conc.
sulphuric acid for 4 hours or on hoiling with glacial
acetic acid for 8 hours gave gz product which was found
to be identizal on direct comparison with 6,5-biflavoryl

: 22
(XXXV) prepared by Mathai and Sethns by other methods.

OH 0COC H 4 on
coCH; cocH;
, COCH,COCH
—
L%
COCH, COCH4 COCHLLOC Hy
XK X {11

KX X\W
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EXPERIMENTAL
b

i 4 ”

2 JUDihydroxy =2, 24k, ¥-tetramethoxy -3,3
bichalconyl : ’

A mixture of 2,2’,6,6’-—tetramethomr-3,3’-giformy1
biphenyl (3.3 g« § 0.01 M) and 2~-hydroxy acetophemone
(5.5 g+ 3 0.04 M ), alcohol (100 ml.) and potassium
hydroxide (30 g. § 30 ml. water ) was refluxed on a steam
bath till the mixture became clear. It was kept overnight.
It was acidified with comc . hydrochloric acidinihe
precipitated orange product crystallised from xylene
in orange cubes, Mmepe 235°. Yield 3 g. It gave a positive
Wilson test and a deep red colouration with conc. ‘
sulphuric acid. With alcoholic ferric chloride it gave
on?.y a faint colourla.tion.

Apalysis ¢ Found 3 C; 72.0 4 ; H, 5.1 %o
€3,H30g requires s C, 72.1 % 4 H, 5.3 %+

The diagcetvl derivative of the above bichalcoryl (0.5 g.)
was prepared by heating with acetic anhydride (5 go) and
fused sodium acetate (2 g.) on a steam bath for 2 hours.

it crystaliised from benzene-petroleunm éther,m.p.1550.

Analysls ¢ Found  : C, 70.3% ; H, 5.3 %.
G3eH33010 requires ¢ Cy 70.1 % 3 Hy 5.2 %.

2, 2% WeTetramethoxy =3, 3=biflavoryl :

A mixture of 2’,2f-”dihydroxy—2,5;4,*i'ytétramethoxy—
3,3”-bichalcowl (1 g.),selenium dioxide (6 g.) and dry
isoamyl alcoho) (40 ml.) was refluxed in an 011 bath

il

{

.



12

at 1%-500 for 18 hours. It was filtered hot. The residue
after removing the iseamyl alcohol by steam distillation
crystallised' from benzene~petroleum ether in pale yellow
needlés, Mepe 2150. ~It gave a pale yellow colouration
with corc.sulphuric acid and the Wilson tést was
negative. ,

"Apalysis s Found :C, 72.8% 3 Hy 4.6 4.

C3,H2¢08 requires ¢ Cy 72.6 2 3 H, 4.6 4.

g’-gzdro;x—g,h—dimetﬁg;gx-}-nitrochalcoge :

To a mixture of 2,Y-dimethoxy-3-nitro berzaldehyde’
(2.1g. 5 0.01L M ):ncé;hydroxy acetopherore (2.7 ge;
0.02 M) in alcohol (25 ml.), potassium hydroxide (5 g.jn
5 ml. water ) was added and the mixture kept overnight
in a well -stoppered flask. The mixture after dilution
with water and acidification gavef"grange red precipitate
which crystallised from benzerg in orange needles, m.p.
1630. Yield 3.1 g« It gave the following tests (1)
orange colour with corce.sulphuric acid@ (2) brown colour
with ferric chloride (3) positive Wilson test.
Analysis s Found Cy 62.3% 3 Hy 42% 5 N, 4.5 %+
CipHy 5N0g requires : C, 62.0 % 3 Hy 4.6 4 5 N, 4.3 %.

2]

e

Ihe acetyl derivative : Prepared from the above chalcone
(0.5 go) by heating with acetic anhydride (3 g.) and
fused sodium acetate (2 g.) on a steam bath for 2 hours.
It crystallised from benzere, m.p.llh-o.

Analysis & Foumd v Gy09.7 %5 Hylte7 45 N4.2 4.

Gy oHpy N0y requires : C,60.0 2 5 H,k.7%5 N,3.9 %.
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4

2,Y-Dimethoxy-3-nitroflavarorne :
2-Hydroxy ~2,4-dimethoxy -3~nitrochalcone (0.5 g.)

was refluxed with alcohol (50 ml.) containing hydrochloric
acid (5 ml.) for 24 hours over a steam bath. It was
filtered hot and on cooling, khk¥ colourless crystals of
nitroflavarore separated which crystallised from benzew
in colourless needles, mep. 164 . Mixed mep. with the
isomeric nitrochalcone was depressed by 100.

H42% 5 NE2%.
Hybab6 % 5 Nyite3 %

Analysis s Found s C,61.7 %
Ci9H, 5M0¢ requires 3 C,62.0 %

~he

e
-8

2, ¥-Dimethoxy-3~nitroflavore 3

2-Hydroxy -2, 4-dimethoxy-3~nitrochalcone (0.5 g.)
was dissolved in dry iscamyl alcohol (15 ml.) and the
solution refluxed with selenium dioxide (2 g.) in an
0il bath at 140—500 for 10 hours. It was filtered hot
ard the filtrate on cooling gave crystals of the
flavorne. It cerystallised from benzere in yellow )
needles, m.p.166°. Mixed m.p. with the nitrochalcone was
depressed by more than 100. The mother liquor on removal
of the solvent by steam distillation gave a further
crop of nitroflavom.
Analysis ¢ Found  : C,62.1% ; Hytt 2 5 N 2.
CygHy 3N requires 3 C,62.1 4 § H,4.0 % 3 1\3,4.3 %o

2, 4-Dimethoxy-I=amimflavone :
Stanrmous chloride (2 g.) was dissolved in glacial
acetic acid (4 ml.) and 2 drops of core Jhydrochloric acid
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were added. 2,4¥-Dimethoxy-3~nitroflavone (0.5 g.) was
added to t he above mixture and hydroggx& chloride wds
passed through the reaction mixture. The precipitated
amine hydrochloride was4 filtered, dissolved in water
and reutrallised with sodium hydroxide. The amizhflavone
obtained crystallised from acetic acid, m.p. 1520.
Analysis ¢ Fourd t C,68.2% 3 HbWe7 25 Nykto7 %o

CLgHy 5N, requires : C,68.7 % 3 H,5.1 %43 Ny4.7 %.

2,4-Dimethoxy-3-lodoflayone :
2’,4-Dimethow;3'=-amimflavovne (1 g.) was
dissolved in hydrochloric acid (1 : 1 ; 10 ml.) and the
solution cooled below 50. Sodium nitrite solution (0.5 g.
in 2 ml. wat‘er ) was then added portiormise. The reaction
mixture was kept for 30 mimtes below 50. Potassium
iodide (2 g. in 5 ml. water) was added to it and the
mixture was kept for ore hour at room temperature. It
#as héated on a steam bath for 1 hour and the product
which separated was filtered and crystallised from‘
acetic acid, m.p. 1830.
Analysig : Fourd s C, xi-‘é)«.B % 3 Hy 3.0% § I, 31.0 %«
H, 3.2% § I, 31.1 %.

“»e

CipH, 310y requires ¢ C, 50.0 %

“-e

Attempted Ullmann resction ox 2.4-dimethoxy-3-
iodoflavope )

A mixture of 2;4-dmethoxy-§“-iodof1avom (1 go)
and copper bronze (3 g.) was refluxedindipheryl ether

(20 ml.) over a wire gauze for 5 hours. It was filtered

<
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pot and t he filtrate was steam distilled to remove the
vd;i.phemfl ether. The residue on crystallisation did mt
glve the expected biflavonyl, instead of that an impure
product which did mt contain iodine was obtainsd.

The Ullmann reaction was carried out by
heating the above mixture without any solvent in an oil
bath at 1900. On working up the reaction mixture as
before a product similar to the above was obtainsd.

2, 2sDihy droxy =2, 23 %, %, ¥ ,F=hexame thoxy -3,3%
© bichsglconyl :

A mizture of 2,2’,6,éi»tetramethoxy-z,,siaiformyl-
bipheryl (3.3 g« § 0.01 M ), prepared as described in
Chapter II,znZ 2-hydroxy-Y-methoxy acetophemorne (6 ge..;
0.0k M) , alcohol (60 ml.) and potassium hydroxide
(10 go in 10 ml. water) was refluxed on a steam bath
t11l the mixture became clear. It was kept. overnight.
On working up as usual, %k& yellow coloured chalcone
was obtained which crystallised from benzene in orange
coloured needles, W.p. 2150. Yield 3.5 g.

,__gg’lvsig ¢ Foumd : Cy 6942 % 5 Hy 5.6 %4
CasH3,05 0 requires : C, 6900 % 3 Hy 543 %

The diacebtyl derivative ¢ Prepared as usual by refluxing

the above bichalconyl derivative (1 g.) with acetiec
anhydride (10 ml.,) am fused sodium acetate (3 g.). It
crystallised from benzere 1n yellow coloured plates,

m cp ° 165“'660



Cy 67.1 % 5 Hy 543 %

CuoHyg012 requires s C, 67.4 % 5 Hy, 5.6 %o

*%

Analysis ¢ Found

L~ 1]

| 2, 2 W7 7 ~Hexamethoxy =3, 35biflavowl 3
2, 2§Dinydroxy-2, &)k ¥ |, F~hexamethoxy - 3,3"

bichalecoryl (1 g.) was mixed with selenium djoxide (6 g.)
and isoamyl alecohol (40 ml.) and refluxed in an oil bath
at ].40»500 for 17 hours. It was filtered hot. On cooling,
light yellow biflavonyl derivative precipitated out
which crystallised from xylere in pale yellow cubes,
Moo 2550. On removal of isoamyl alcohol from the filtrats
by steam distillation a further crop of the biflavonyl

was obtagined.

«

Apalysis s Found s C, 69.5% 5§ Hy 46 %

C136H300.1_0 ‘ requires 3 G’ 6905% ‘, H, L.8 %o

2, 2%pinydroxy=2.24 5, G=tetrame thoxy -l ¥=bichaleoyl :
A mixture of 2-hydroxy acetophemne (5.5 g. j
0.04 M) and 2,2,5,5-tetramethoxy -k, 4-diformylbiphenyl(3+3 ge;0.01

propared as described in Chapter II %Pigw%lcohol (50 ml.)
and potassium hydroxide (10 g. i 10 ml,) was refluxed

on a stfeam bath till the solution became clear and then
kept for 4 hours. Tt was acidified with conc.hydrochloric
acid and the precipitated bichalconyl derivative
erystallised from nitrobenzers in orange needles,m.p.267o.
Yield 3.4 g. It gave a red colouration with conc.sulphuric
acid, a faint colouration with alcololic ferric chloride

amd a positiw}e Wilson teste
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»e

Apalysis ¢ Found Cy 72:0 % 3 H, 5.2 %o
CayH30g requires 3 C, 72.1 % j H, 53 %o

The dlacetyl derivative : Prepared as usual and
crystallised from benzerg-petroleum ether in yellow
needles gave in.p. 1’+,:5°.

Analysig ¢ Found : Cy 699 % 5 Hy 5S¢ %0
c33H3,‘010‘ requires : C, 70.1 % 3 H, 5% %

2,249,5%Tetranethoxy -t Webiflavoryl ¢

2, 2“Dihydroxy -2, 2, G-tetranethoxy -k, &, -
bichalcoryl mixed with selenium dioxide (6 g+) was
refluxed in iscamyl alcohol (50 ml.) in an oil bath
at 140-500* for 16 hours. The product obtained on working
up as before crystallised from diphernyl ether, m.p.288°.
It gave a yellow colouration with éulphuric acid and the
Wilso:q test was negative. ’
Analysis s Found : Gy 73.0% 5 Hy 4.k 7.
C3,H240g requires 3 C, 72.6 % 3 H, 4.6 %«

L 1]

/7

2, 2Dihydroxy -2, 23, ¥ 5, 5=hexamethoxy =, e
bichalconyl : ﬂ

A solution of 2,2,5,5-tetrame thoxy -4, ¥-diformyl-
biphenyl (3.3 g. ‘; 0.01 M) and 2~hydroxy-4-methoxy
acetophenore (6 g. j 0.04 M) in glcohol and potassium
hydroxide (15 ge in 15 ml. water ) were heated én a
steam bath till the solution became clear. The reaction

was
mixture kept overnight. The product obtaired on

[N
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acidification crystallised from xylene in orarge
needles, Mepe 2350. It gave a positive Wilson test and a
deep red colour‘ation with corc.sulphuric acid. With
alcoholic ferric chloride it gave only a faint

colouration.

(1]

C., 69.0 % § H, 5‘5 %‘
C36H3401 0 requires : C, 69.0 % §; Hy, 9.4 4.

Analysis : Foumnd

The diacetyl derivative : Prepared by'refluxing the
above bichaleconyl derivative with acetic anhydride and
sodium \acetate for 1 hour was crystallised from benzere-
petroleum ether in pale yellow plates, m.p. 1500.
Analysis : Found Cy, 6745 % § Hy 548 %

CuoH380.2 requires : C, 674 % § Hy 5.6 %

[ 2

s

A mixture of 2)2<dihydroxy-i,% X¥,%,5,5%hexanethoxy -
L4-.,‘~}i-bicha.lcon,yl (0+5 go), selenium dioxide (3 g.) and dry
isoamyl alcohol (20 ml.) was refluxed in an oil bath at
140-50° for 18 hours. Tt was flltered hot. On cooling,
the biflavonyl separated which was crystallised from
xylense M.P. 2910. On removing the lsocamyl alcohol by
steam distillation a further crop of biflavoryl was
obtaimed. It gave a pale yellow colouration with comc.
sulphuric acid and Wilson test was negative.

Cy, 697 % 5 Hy 541 %
C36H30010 requires s C, 69.5 % 3 H, 4.8 4.

Analysis : Found

o



2, 22Dihydroxy -, ¥, 6, 6-tetranethoxy =3, 3=
ﬂg;glcaml :

, A mixture of 2,2}k, {-tetramethoxy -5, 5~diformyk-
biphenyl (3.3 g« 5 0.01 M )’Aprepared as described in
Chapter II,and 2-hydroxy acetophemme (5:5 g+ 5 0.0% M)
in alcohol (150 ml.) and potassium hydroxide (30 g. in
30 ml. water) was refluxed on a steam bath till the
nixture became clear. It was kept for 2 days. The orénge
coloured product obtaired on acidification crystallised
'from xylere in orange cubes, m.pe 2550. It gave' a positive
Wilson test and a deep lred colouration with conc.
sulphuric acid. With alcoholic ferric chloride it gave
only a faint colouration. ‘

Analysis : Found 3 Cy 724 % 5 Hy 5.0 .
- C3,H3008 requires : Cy 72.1 % 3 Hy 5.3 %.

The diacetyl derivative : Prepared as before ard

crystallised from benzere in pale yellow ncedles gave
0

Mepe 212 &

An is s Found

C, 7041 % § H, 5.1 %.
Ci3gH3,0, 0 reqaires : C, 70,10 % ;3 Hy 5.2 %o

¥, 4,6, 6-Tetramethoxy -3, 3biflavam oyl s

2,2 Diny droxy -4, ¥, 6 ,6-tetramethoxy -3, 3-bichalcoryl
(1 g+) was refluxed with alcoholic hydrochloriec acid on
a steam bath for 30 hours. The product obtained after
removal of alcohol crystallised from xylere in pale yellow

)
needles,meps 270



Analysis ¢ Fourd ~: C, 72.2% 3 H, 5.3 %.
C34H3008 requires ¢ Cy 72.1 2 3§ H, 5.3 %e

AN YR

u,g,g,g—me’cﬁog-a’, J-biflavomyl :
A mixtare of 2,2%dihydroxy -4, Y, 6,6 tet ramethoxy-
3,3, -bichalcoryl (1 g.),seleniun dioxide (5 g.) and
.isoamyl alcohol (3§ ml.) was refluxed iI|1 an oil bath at
140-50° for 16 hours. Tt was filtered hot and the product .
obtained on codling crystallised from nitrobenzeme in V
yellow plates, m.p. 3280. It gave a pale yellow colouration
with cormeesulphuric acid armd the w1lso‘n test was -
negative.
Apalysis : Found : G, 721 %2 3 Hy 45 %

Ci3,H2 608 reqlures : C, 72.6 % 3 H, 4.6 %.

e

2, . Dinydroxy =t 4, ¥, W16, 6 hexamethoxy -3 o3=
bichalconyl ‘

A mixture of 2,2,k4,k%stetramethoxy~5,5-diformyl
b‘ip‘henyl (3¢3 g+ 3 0,01 M ) and 2-hydroxy-4-methoxy
acetophenone (6 g« § 0.04% M ) in aleohol (60 ml.) and
potassium hydroxide (15 g. j.n 15 ml, water) was
refluxed on a steam i)ath ti11 the mixture becagme clear.
Tt was kept overnight. The product obtained on
acidification érystallised from nitrobenzene,m.pd?.oo.
It gave red colouration with comc.sulphuric acid, pale
¥al¥kaw -colouration with alcoholic ferric chloride and

positive Wilson test.
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Apalysis ¢+ Found 1 C, 68.7 % 5 Hy, Sk %

C36H3u010 ~ requires : C, 69,0 % ; H, 5.4 Z.

The diascetyl derivative : Prepared as before and

crystallised from benzere-petroleum ether in pale yellow
o
rneadles gave m.p. 191 .

Analysis ¢ Foumd : C, 67.1 % 3 Hy 5.3 %.

e

CgoH38012 requires H C, 67-}'1'% 3 H, 506 2o

N . ;oM AN p
Abbempted cyclization of 2;2-dimethoxy -k k. k% )%, 6,67

hexamethoxy =3, Y-hichalcomyl

i 4

A mixture of 2,3%dihydroxy-i,¥,4, % 6,6%
hexamethoxy~3,3//-—bichalcorvl (1 go),selenium dioxide (5 g.)
and 1so-amyl alecohol (150 ml.) was refluxed in an oil
bath at 140-500 for 2% hours. The reaction mixture on
working up as usual gave the original bichalcoryl instead
of the biflavoryl.

Ll—.}11’---;{)3'.1)«':2nzoyloxya-343’--ch'.a,ce‘gyfl_biphensrl :

’+,l&’—Dihydroxyﬂ,3/-diacety1.bipherwl (1 go) was

dissolved in acetore and benzoyl chloride ( 3 ml.,) and
anﬁydrous potassium carbonate (8 g.) was added. The
reaction mixture was refluxed on a steam bath for 8 hours.
Most of the acetore was remcved and the product obtaired
on pouring the reaction mixturs into water crystallised
from acetic acid, mep. 1750.

Analysis ¢ Found : C, 75.6 % 3 Hy, 46 %4

C30H2 206 requires : C, 75.3 % § H, 4.6 4.
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Z .
l, 4-Dihydroxy=3,3-4i(W~berzoyl acetyl) bipheryl :

The 4,4-dibe nzoyloxy-3,3-diacetylbipheryl (0.5 g.)
was dissolved in minimum quantity of pyridine and powdered
potassium hydroxide (3 g.) was added with stirring. The
regction mixture was kept for 4 hours at room temperature.
and then poured in ice cold hydrochloric acid. The
product obtaired crystallised from xylens, m.p. 2530. It

Wwas soluble in alkali.

Analysis : Found 2 Cy 75.7 % 3 H, Yot 7.
Caol220¢ requires : C, 75.3 % 3

H’ L*.6 %.

y
6,6=Biflavoryl :

The above P-diketore (0.5 g.) was mixed with
conce sulphuric acid (5 ml.) and kept at room tempe rature
for 4 hours. The product obtaired on pouring the reac@ion
mixture in ice cold water crystallised from glacial

Tacetic acid, m.p. 3120.

The cyclisation was also carried out by
refluxing the B-diketore (0.5 g.) with glacial acetic
acid (10 ml.) for 8 hours. The product obtained on
cooling crystallised from glacial acetic acide

Mathal ard Sethr»a%z prepared the same compound
by ¥c other methods. Mixed m.p. with therrsample was mt

depressed.
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