
CHAPTER III

SYNTHESIS OF SOME BIffLAYONYLS FROM 

BIPHENYL DERIVATIVES
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Synthesis of some Biflavopyls, from biphenyl 

derivative g :

The presence of flavor©s in plants has been 
known since long. The structure of many of them have 
been established and a large number of them have been 
synthesised. It is only in recent years that a new 
class of flavanoids where two flavone nuclei are 
joined together and which are therefore designated as 
blflavoryls have been found in nature.

The story of the biflavonyls begins with the
i

isolation by Furukawa* of a yellow phenolic product in 

1932 from the autumn leaves of the Ginkobiloba or 
maidenhair tree. To this yellow phenolic compound he gave 
the 5,8-dihydroxy-4-methoxyflavone structure but the 

synthesis of this flavone showed that the structure
assigned to the natural product was incorrect. Examination

. 2 
of Furukawa s evidence led Baker aid his co-workers to
suggest that the yellow product of Furukawa which they
named Ginkgetin , probably had a higher molecular weight
than that corresponding to a normal flavanoid structure.
They synthesised various flavanoids including furano-
flavones, but all these were found to be different from
ginkgetin. Later, Nakazawa” showed that ginkgetin has a
formula Qiz&zzOiq but the formula suggested by him on the
basis of degradation products was later found to be
incorrect. The discovery of other natural products like



Kayaflavone and -Sotetsuflavone 'andtheir study led. to the 

conclusion that all these had similar skeletal structure 

and that these were biflavonyl derivatives.

Ollis has summarised the work done on biflavonyls 

upto 1961.

Naturally oc curring biflpyonylfi s

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, sciadopitysin, kayaflavone, 

sotetsuflavone are some of the biflavonyl derivatives 

isolated from various plants. The structures of the 

above biflavonyls have been established. The structures, 
with references to publications of the principal 

investigators, are given below s
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J R /R //R ///R
A » 3Ginkgetin Me Me H H

2Isoginkgetin H Me H Me
5Sciadopitysin Me Me H Me
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Kayaflavone
n

Sotetsuflavone*

R R R"

H Me Me

H H H

///

R

Me

H

Hinokiflavone, isolated from the leaves of
Cryptomeria Japonica has been shown to be a biflavonyl 

8
ether .

Hinokiflavone

The biflavoiyls are probably produced in the 

plants by oxidative coupling of a flavano5,d precursor 

such as epigenin or a closely related compound* This 

could be followed by methylation of the diepigeniiyl in 

various positions and this is in aggrement with the 

simultaneous occurrence of various biflavoiyls in the 

sane plant. It is also supported by the biflasbryl ether 

structure of hinokiflavone since it is recognised that 

oxidative coupling of phenols can lead either to diaryls 

or diaryl ethers*
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Synthetic bi'flavonyls :

A

Mahesh and Seshadrl In their attempt to oxidise
/ 10narigenln triacetate with Fenton s reagent obtained 

if,4,5,7,5,7-hexahydroxy-3»3-biflavorFX as a byproduct* 
They did not give a definite proof for this compound 
but gave the bimolecular structure because of the 
availability of a number of organic bimolecular 
compounds when the simple ones are oxidised with Fenton^ 

reagent*

1A UChen and Liu synthesised 3»3~biflavo.pyl by the 
Ullmann reaction on 3-bromoflavone. They further reported 
that the Ullmann reaction on 6 - bromo -. 7 - bromo -, io do- 
and b-bromo-^-methoxy-flavanol did not succeed*

Other symmetrical biflavoryls have been 

synthesised through the Ullmann reaction on the appropriate 
halogeno f 1 avo ne s, Thus 3-bromo -, 6 - io do -, 6 - io do -^-methoxy-, 
7-iodo-4-methoxy-,8-iodo-, 8-bromo-, 8-chloro-, 3-iodo- 

and 4-iodo-flavone derivatives were eonyerted into their
A Z 13respective biflavonyls by Chen et al« . Jurd synthesised 

7,7-dimethoxy-8,8-blflavonsrl and 7,7,^»ii-tetramethoxy-8,8/- 

biflavonyl from the corresponding 8-iodoflavone derivatives 
by the Ullmann reaction. Demethylation of the above
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methoxybiflavowls with'aluminium chloride in boiling 

benzene gave the corresponding hydroxyblflavonyls.
it

Grinkgetin has been synthesised by Nakazawa and Ito by 
the cross Ullmann reaction between 3-iodo-5-benzoyloxy-if,7- 
dim ethoxy flavone and 5-benzoylosy-8“iodo-*4y,7**dimethoxyflavone 

in the presence of activated copper powder and subsequent 

hydrolysis with 10 % sulphuric acid in acetic aeide

* < 15

In this laboratory Shah*' synthesised symmetrical 

biflavonyls by the Ullmann reaction on 7-methoxy-8-iodo- 
flavors and 7-dethoxy-6-iodo-3-benzoylflavone*

Other possible routes to symmetrical.biflavonyls :

Other approaches to the synthesis of symmetrical 
biflavonyls are possible and it was thought of interest 

to -investigate some of them. One approach is to start 
with a suitable biphenyl derivative and to build up the 

heterocyclic ring 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) Eostaneckj-Robinson acylation*" j

A ketone of the type (1) can be subjected to 

Eo stanecki-Ro binso n acylation by heating with the sodium 

salt of an aromatic acid and its anhydride and the 

biflavonyl (II) can be synthesised.

Q

(b) A biphenyl derivative such as (III) can be subjected 

to Baker-Venkataraman ' transformation and a biflavonyl 

such as (I?) can be synthesised.

/V/COCH^O C6HS 
^ 'OH

OH

COCH2COC6H5

o IV
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Cc) Cycllsation of ft-diketone^8*:

A biphenyl derivative such as (V) can be 
condensed with the ester of an aromatic acid and the 
|3-diketone (VI) obtained subjected to cycllsation in the 
presence of hydriodic acid to (VII).

condensed with an aromatic ketone and the £-diketoi» 
formed cyclized with hydriodic acid to the corresponding 
biflavonyl.

20(d) Kbstanecki & chalcone method :
A ketone from a biphenyl such as (IX) can be

condensed with an aromatic aldehyde and the blchalconyl
derivative (X) foxmed can be cyclised and dehydrogenated

21with selenium dioxide to get the biflavonyl derivative
(XI).
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Altfirnatsly j o ns could, stsrt with a difo rciyl 
derivative of a biphenyl such as (XII) and condense 
it with an o-hydroxy acetophenone to get a bichalcoryl 
derivative (XIII) which can then be cyclised and 

dehydrogenated to a biflavonyl derivative (XIV).

XII

y^\CH = CHCO-

V /HO

CHaCH-CO-“A /

o
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It will be seen, from the above that by starting 

with a diacetyl derivative of a biphenyl one can obtain 
a biflavonyl with a linkage between the two flavone 
nuclei in the benzerold part of tie molecule and by 
starting with a diformyl derivative of a biphenyl one can 
synthesise a biflavonyl where the two flavonyl nuclei are 
linked through the side phenyl melei.

22In this laboratoiy Mathai and Sethna have
/ ///synthesised some symmetrical biflavoryls such as (1)6,6- 

dime thoxy-3,3-biflavonyl (2) 6,6,7,7-te tram ethoxy-3,3- 
biflavonyl (3) **,4-dimethoxy-3,3-biflavoryl (k) 4,4-}'7,7-

■ i in n / ///tetrsaaethoxy-3,3-biflavonyl (5) 6,6-biflavonyl (6) 4-,4~ 
dimethoxy-6,6-blflavonyl by starting with an appropriate 
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 synthesis of several new symmetrical 
biflavonyls starting with suitable biphenyl derivatives*

2,2',6,6-Tetramethoxy-3,3-diformylbipheryl (X?) 
prepared by the chloromethylation of 2,2^6,6-tetramethoxy 
biphenyl and subsequent Sommelet reaction on the resulting 
2,2/,6,6/-tetramethoxy-3,3-diehloromethylbiphenyl as 
described in Chapter II was condensed with 2-hydroxy 
acetophenone in the presence of alcoholic potassium hydroxide.



63

XVt

xx •: rcjcxni XX II



The orange red product obtained on acidification gave
tests for a ehalcone such as (1) red colouration with
conc.sulphuric acid, (2) yellow colouration with acetone
(dry) solution of citric aeid-boric acid mixture (Wilson 

2 iTest ~) and (3) a faint colouration with alcoholic ferric 
chloride' . Moreover it gave a diacetoxy derivative when 
refluxed with acetic anhydride and fused sodium acetate*
2.2- Dihydroxy-2,2^,4-tetramethoxy-3,3ybichalco qyl (XVI) 

structure has therefore been assign to this product*
The above bichalconyl derivative on refluxing with 
selenium dioxide in iso£amyl alcohol gave a light yellow 
compound which gave a yellow colouration with sulphuric 
acid. The Wilson test was negative, 2',2^,4-Tetramethoxy-
3.3- biflavoryl (XVII) structure was assigned to this 
compound.

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

Z *5*2,)+-Dimethoxy-3-nitro benzaldehyde (XVIII) on 
condensation with 2-hydroxy acetophenone in the presence 
of alcoholic potassium hydroxide gave 2-hydroxy-2,*i~ 
dimethoxy-3-nitro chalcone (XIX). The chalcons structure 
was established by the formation of a mono acetyl derivative,
—» .................................................. I ■ .. ............................. ....w

4- Faint colouration may be due to the very sparing

64

solubility of the bichalconyl derivative in 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 2,1*- 

dimethoxy-3«-nitroflavanore (XX) structure has been 

assigned. The above nitro chalcone on heating with t 
selenium dioxide in amyl alcohol gave 2/,^-dimethosy-3- 

nitroflavone (XXX) which was reduced to the aminoflavone 

(XXII) by stannous chloride and hydrochloric acid. The 

aminoflavone on diazotisation and Sandmeyer t reaction 
gave the iodoflavone (XXIII). This on Ullmann reaction

op ■using diphenyl ether as solvent &M also, without solventA A

gave a deiodinated but impure compound which could not be 

purified.
j2^»lt»!t»7.i.2r.Hex^etho^=3^3j^i£3i3X2JEA. (XXV) *

2,2^6,6-Tetramethoxy-3,3-diformylbiphenyl (XV) 

on condensation with 2“hydroxy-^-methoxy acetophenone 

in the presence of alcoholic potassium hydroxide gave

an orange red product which gave tests for a chalcone and also
^ /// // * /

Aa pale yellow diacetyl derivative. 2,2-Dihydroxy“2,2,1f,,t'y
i+^-Kexamethoxy-S,3-tichalconyl (XXIV) structure has been

assigned to the product. On refluxiig with selenium dioxide

in amyl alcohol it afforded a pale yellow product which

gave yellow colouration with sulphuric acid and Wilson
test was negative. To this product 2^2^ 4,7,7-hexamethoxy-

3»3^biflavo ryl (XXV) structure has been assigned.



66

C-H^o

xxvjii a,
XXVM b, R^CH3

o
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Synthesis of 2.2.5; 5-tetramethoxy-^k:-

2,2', 5, 5-T9tramethoxy-^,4--diformylbiphenyl 

(XXVI) prepared by the chloromethylation of 2,2',5J5~ 

tetramethoxy biphenyl and subsequent Sommelet reaction 

as described in Chapter II, on condensation with 

2-hydroxy acetophenone in the presence of alcoholic 

potassium hydroxide gave an orange red product which 

gave tests for a chalcone and also gave a pale yellow 
diacetyl derivative. 2,"2fDihydroxy-2,2^5,5-tetramethoxy- 

if,^-biahalconyl (XXVHa) structure has therefore been 

assigned to the product. The above biehaleonyl derivative 

on refluxing with selenium dioxide in amyl alcohol gave 
2', ztf, 5-tetramethoxy-if,^-biflavonyl (XXVIIIa).

: gi&PXXiU*iyZ^^texpgtefehoxy,-^,^

biflavonrl (XXVIII b) s

2,2,5,5-Tetramethoxy-^,4--diformylbiphenyl 

(XXVI) on condensation with 2-hydroxy-if-methoxy 

acetophenone in the presence of alcoholic potassium 
hydroxide gave 2^2-dihydroxy-2,2^,^5,5-hexamethoxy-1+,J+- 

bichalconyl (XXVII b). It gave a diacetyl derivative and 

tests for a chalcone. when refluxed with selenium dioxide
f t// i to Jf

in iso amyl alcohol it afforded the 2,2,5,5t7*7-haxamethoxy- 
4,^rbiflavonyl (XXVIII b) which gave tests for a flavor©.

Synthesis o_f 4", 6/T6^tetr.amethoxy-3/t3 - '

biflavonvl (XXXII a) *.
2,2/,V,J/-Tetramethoxy-5,5-diformyl biphenyl(XXIX)
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jkxix

Y

a/ d- w
X*X x fo ; fL'OCHj

OCH^

XXX13 «t_, R =• H
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prepared by the ehlorofaethylation of 2S 2',^^-tetramethoxy- 

biphenyl and subseuqent Sommelet reaction on the 5>5“ 

dichloromethyl derivative as described in Chapter II 

on condensation with o--hydroxy ace top he none in the 

presence of alcoholic potassium hydroxide gave an orange 

product which gave a diacetyl derivative and gave positive 
tests for a chalcor©. 2y52-Dihydroxy-)+,lf^6,6“tetramethOTy- 

3,3-bichalcoryl (XXX a) structure has therefore been 

assigned to the product* On refluxing with alcohdlie 

hydrochloric acid it gave the pale yellow isomeric 3/,3- 

biflavaro ryl (XXXI). 2-Dihydroxy-4, ^ 6,6-tetramethoxy- 

3,3-bichalcoryl when refluxed with selenium dioxide in 
iso amyl alcohol furnished the 3',3lJ-biflavoryl (XXXII a) 

which gave tests for a flavor©.
Attempted synthesis of 1f.^.V.6//7?7‘^hex3methoxy-3/.,3“ 

biflavoryl :

2,2, ^.^-Te tram ethoxy -5., 5-di formyl bipheryl 

(XXIX) on condensation with 2-hydroxy-h-methoxy 

acetophenone in the presence of alcoholic potassium hydroxide 
gave a yellow coloured product to which 2^ 2x-dihydroxy- 

^J+. 4. !f(6,6-hexamethoxy -3,S^bichalco ry 1 (XXX b) 

structure has been assigned as it gave a diacetyl 

derivative and colour reactions of a chalkone derivative.

It 'gave the original bichalconyl (XXX b) on refluxing 

with selenium dioxide in isoamyl alcohol.

With a view to explore other approaches to the 

synthesis of biflavopyly+1!+«'dibenzoyloxy“-3,3"diacetyl- 

b
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biphenyl XXXIII) was subjected to Baker-Vankataraman 
rearrangement as modified by Looker et al^ which 

consists in treating the o-benzoyl derivative with 
powdered caustic alkali and pyridine*

h, 4—Di be nzoy lo xy -3,3 -di ac e ty 1 bip he ry 1 .(XXXI11) 
when kept with powdered caustic potash and pyridine for 
** hours at room temperature gave the )3-dike tor© (XXXIV). 
This on cyclisation by keeping in contact with cold cone, 

sulphuric acid for b hours or on boiling with glacial 
acetic acid for 8 hours gave a product which was found 
to be identical on direct comparison with 6,6-biflavoiyl 
(XXXV) prepared by Mathai and Sethna22 by other methods.

XXXV



2^Pilh.Tdyoy-?,,sW.‘t'-t^»:a°‘pttp)Br-3,,.3- 

bichalconvl s
A mixture of 2,2',6,6-tetramath0xy-3,3-difdrmyl 

biphenyl (3.3 g. 5 0.01 M ) and 2-hydroxy acetophenone 
(5*5 g* i 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.
an cL

It was acidified with cone .hydrochloric acid*, the 

precipitated orange product crystallised from xylene 
in orange cubes, m.p, 235°. Held 3 g. It gave a positive 

Wilson test and a deep red colouration with cone, 
sulphuric acid. With alcoholic ferric chloride it gave

1

only a faint colouration.

Analysis : Found t C, 72.0 % ; H, 5.1 %•
^i^HjoOs requires s C, 72.1 % 4 H, 5*3

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

. .0
it crystallised from benzene-petroleum ether,m.p.155 . 
AngJyjl^g : Found s C, 70.3 ^ | H, 5*3 %*

G'38H34°io requires * C, 70.I % j H, 5*2 %•
2; g'^.ff-Tetramethoxy-r. V-blflavoryl s 

A mixture of 2', 2-dihydroxy-2,2',4,4-tetramethDxy- 

3,3'-bichaleory 1 (1 g.),selenium dioxide (6 g.) and dry 

iso amyl alcohol (40 ml.) was refluxed in an oil bath



at 140-50 for 18 hours* It was filtered hot. The residue

after removing the iseamyl alcohol t>y steam distillation

crystallised from benzene-petroleum ether in pale yellow
o '

needles, m.p. 215 • It gave a pale yellow colouration 

with cone.sulphuric acid and the Wilson test was 

negative.

Analysis : Found s G, 72*8 ^ j H, 4.6 %•

requires s C, 72.6 % 5 H, 4.6 %,

2-,Hy ^Arp xy - 2,4-dlmethoyy-^-nitroc haieope s

To a mixture of 2,4-dimethoxy-3-nitro benzaldehyde
cuncL

(2.1 g. ; 0.01 M )A 2-hydroxy acetophenone (2.7 g.$

0.02 M) in alcohol (25 ml.), potassium hydroxide (5 g.fn

5 ml. water ) was added and the mixture kept overnight

in a well stoppered flask. The mixture after dilution
anwith water and acidification gaveAorange red precipitate

which crystallised from benzene in orange needles, m.p.
„ 0

163 • Yield 3*1 g. It gave the following tests (1) 

orange colour with cone.sulphuric acid (2) brown colour 

with ferric chloride (3) positive Wilson test.

Analysis : Found 1 C., 62.3 % $ H, 4.2^ $ ' N, 4.5*.
Gi7Hi5H06 requires : G, 62.0 * 5 H, 4.6 % 5 K, 4.3 *•

The.acetyl derivative : Prepared from the above chaleore

(0.5 g.) by heating with acetic anhydride (3 g.) and 

fused sodium acetate (2 g.) on a steam bath for 2 hours.
It crystallised from benzene, m.p.114°.

Angly^g s Found s e.,59,7 H,4.7 *) N,4.2 *•

0

C*i requires s-C,60.0^ | H,4.7$| N,3.9
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^ 4-Pimet hoxy-V- nit no flavano ne $

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, fchtf- colourless crystals of

nitroflavanore separated which crystallised from benzeie
oin colourless needles, m.p. 164 . Mixed m.p. with the

oisomeric nitroehalcone was depressed by 10 •

Analysis s Found s 0,61*7 % f H,4.2 % ; N,4.2

^i7Hi.5N°6 requires : C,62.0 % ; H,4.6 % ; If,4.3 %•

2-f^y droxy -2,4—dim ethoxy-3 -nit roc halco ne (0.5 g.)

was dissolved in dry Isoamyl aleohol (15 ml.) and the

solution refluxed with selenium dioxide (2 g.) In an
ooil bath at 140-50 for 10 hours. It was filtered hot

and the filtrate on cooling gave crystals of the

flavone. It crystallised from benzene in yellow
oneedles, m.p.166 . Mixed m.p. with the nitroehalcone was

odepressed by more than 10 . The mother liquor on removal 

of the solvent by steam distillation gave a further 

crop of nitroflavone.

Analysis s Found s 0,62.1 % ; H,4.4 % ; If,4.4 %*

^xi^xi^b requires * C,62.1 % ; H,4.0 % ; IT,4.3 %*

4-Dime thoxy -l-am iso flavo ne :

Stannous chloride (2 g.) ms dissolved in glacial 

acetic acid (4 ml.) and 2 drops of cone .hydrochloric acid
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were added. 2', *f-Dimethoxy-3-nitro flavone (0.5 g«) was

added to t he above mixture and hydrogen chloride was

passed through the reaction mixture. The precipitated

amine hydrochloride was filtered, dissolved in water

and neutralised with sodium hydroxide. The aminoflavone
_ oobtained crystallised from acetic acid, nup. 152 • 

Analysis s Found t (1,68.2 % ; H,l*.7 $j N,4.7 $•

requires s C,68.7 % j E,5.1 %\ 1,^.7 $*

2^ ^-Dimethoxy »iodoflavo ne s

2', tf-Dimethoxy -3-ami no flavone (1 g.) was

dissolved in hydrochloric acid (1 : 1 ; 10 ml.) and the
solution cooled below 5°. Sodium nitrite solution (0.5 g.

in 2 ml. water ) was then added portiorwise. The reaction
omixture was kept for 30 minutes below 5 • Potassium 

iodide (2 g. in 5 ml. water) was added to it and the 

mixture was kept for one hour at room temperature. It 

was heated on a steam bath for 1 hour and the product 

which separated was filtered and crystallised from 

acetic acid, m.p. 183 *

Analysis : Found s C, 1*9.8 % 5 H, 3.0 % $ I, 31.0 $,

e;1?Hi3I0* requires s C, 50.0$ $ H, 3.2$ § I, 31.1$.

Attempted tlllmprm reaction on 2^l*-dimethoxy-V- 

io do flavone s
A mixture of 2.\4-dimethoxy-3/-iodoflavo ne (1 g.)

in
and copper bronze (3 g.) was refluxed diphenyl ether 

(20 ml.) over a wire gauze for 5 hours. It was filtered
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hot and the filtrate-was steam distilled to remove the

dipheryl ether. The residue on crystallisation did not

give the expected biflavopyl, instead of that an impure

product which did not contain iodine was obtained.

The Ullmann reaction was carried out by

heating the above mixture without any solvent in an oil 
obath at 190 . On working up the reaction mixture as 

before a product similar to the above was obtained.

W&halcoiirl :

A mixture of 2,2^6,6-tetramethoxy-3,3-diformyl-

biphenyl (3*3 g* j 0.01 M )3 prepared as described in

Chapter 2-hydroxy-4“methoxy acetophenone (6 g.,§

0.04 M> , alcohol (60 ml.) and potassium hydroxide

(10 g* in 10 ml. water) was refluxed on a steam bath

till the mixture became clear. It was keptc overnight.

On working up as usual, yellow coloured chalcone

was obtained which crystallised from benzene in orange
0

coloured needles, m.p« 215 • Yield 3*5 g.

Analysis : Found s C., 69*2 & $ H, 5*6 

c36H3i*0io requires s C, 69*0 % ; H, 5*3 ^*

The diacetyl derivative : Prepared as usual by refluxing

the above biehalcoryl derivative (1 g.) with acetic

anhydride (10 ml.) aid fused sodium acetate (3 g.). It

crystallised from benzene in yellow coloured plates, 
om.p. 165-66
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AnaJxgig s Pound : £•, 67.1 % ? H, 5*3 %•

C«.oH380i2 requires % G, 67*4$ ; H, 5*6 %*

2\ 2fDihydroxy-2,2", 4, 4, $,4-hexamethoxy : 3,3-

bichalconyl (1 g») was mixed witli selenium dioxide (6 g.)

and iso amyl alcohol (40 ml®) and refluxed in an oil bath 
oat 1*4-0-50 for 17 hours. It was filtered hot. On cooling,

light yellow biflavoryl derivative precipitated out

which crystallised from xylene in pale yellow cubes, 
om.p, 255 • On removal of iso amyl alcohol from the filtrate 

by stem distillation a further crop of the biflavonyl 

was obtained®

Analysis : Found i C, 69*5$ ; H, 4.6 $.

Ga^HjoOio ' requires s G, 69.5 & j H, 4*8 $.

^2^D31iyiro^2^5^Mtmethosy-44.j£;Mchalcor3Kl :

A mixture of 2-hydroxy ace top hero ns (5*5 g. $

0.04 M) and 2,2',5,5“tetrameth0xy~4,4/~difo:raylbiphenyl(3.3 g,$0,011

prepared as described in Chapter II, in alcohol (50 ml.)
og water

and potassium hydroxide (10 g. in 10 ml*) was refluxed 

on a stfeam bath till the solution became clear aid then 

kept for 4 hours. T.t was acidified with com .hydrochloric 

acid and the precipitated bichalcopyl derivative 
crystallised from nitrobenzene in orange needles,m.p.26?°*

Yield 3*4 g. It gave a red colouration with cons.sulphuric 

acid, a faint colouration with alcoholic ferric chloride 

and a positive Wilson test.
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Analysis s Fours! : G, 72*0 % ; H, 5*2 %•

Gj^HjoOg requires s C, 72*1 i ) H, 5*3 $*

The diacetyl derivative s Prepared as usual and
crystallised from benzene-petroleum ether in yellow

, oneedles gave m*p* 143 *
Analysis s Found : C, 69*9 % j H, 5*4 $♦
c38H34°io requires s C, 70*1$ ; H, 5*4$.

2', 2-Dihydroxy-2,5,5-tetr am ethoxy -4, $

bichalcoiyl mixed with selenium dioxide (6 g*) was
refluxed in isoamyl alcohol (50 ml*) in an oil bath 

oat 140-50 for 16 hours. The product obtained on working
oup as before crystallised from diphepyl ether, m.p.288 • 

ft gave a yellow colouration with sulphuric acid and the 

Wilson test was negative.
Analysis s Found i C, 73*0 $ $ H, 4.4$.
Gj^HagOg requires s G, 72.6 % ; H, 4.6 $.

bichalcorwl :
A solution of 2,2^5,5-tetramethoxy-4,4/-diformyl-

biphenyl (3*3 g* 5 0.01 M) and 2-hydro xy-4-methoxy
acetophenone (6 g. ; 0.04 M) in alcohol and potassium
hydroxide (15 g. in 15 ml. water ) were heated dn a

steam bath till the solution became clear. The reaction 
was

mixtureAkept overnight. The product obtained on
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acidification crystallised from xylene in'orange
oneedles, m.p. 235 • It gave a positive Wilson test and a 

deep red colouration with cone .sulphuric acid. With 

alcoholic ferric chloride it gave only a faint 

colouratio n.
Analysis : Found s C-, 69.0 % | H, 5.5 %•

C:36H3if0io requires t G, 69.0 % ; H, 5.4-$.

The diacetyl derivative : Prepared by refluxing the

above bichaiconyl derivative with acetic anhydride and

sodium acetate for 1 hour was crystallised from bonzene-
^ opetroleum ether in pale yellow plates, m.p. 150 • 

Analysis : Found s C, 67*5 % ? H, 5.8$.

CwH380ia requires t C, 67*4 % $ H, 5.6 %•

A mixture of 2', 2-dihydro xy -i.,4^,4", 5,5'~hexamethoxy-

4,4-blchalcoryl (0.5 g«), selenium dioxide (3 g.) and dry

isoamyl alcohol (20 ml.) was refluxed in an oil bath at 
°140-50 for 18 hours. Tt was filtered hot. On cooling,

the biflavonyl separated which was crystallised from
oxylene. M.P. 291 • On removing the isoamyl alcohol by 

steam distillation a further crop of biflavonyl was 

obtained. It gave a pale yellow colouration with cone, 

sulphuric acid and Wilson test was negative*

Analysis : Found > C, 69*7 % ? H, 5.1 %•

c36h3o°i.o requires : G, 69*5 % § H, 4.8 $.
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Msialsorsa :
l

A mixture of 2, 2',4,4-tetramethoxy*-5, 5-diformyl- 

biphenyl (3*3 g. ; 0.01 M prepared as described In 
Chapter II}&M 2-hydroxy acetophenone (5*5 g. $ 0.04- M )

i

in alcohol (150 ml.) and potassium hydroxide‘(30 g. in

30 ml. water) was refluxed on a steam bath till the
mixture became clear. It was kept for 2 days. The orange
coloured product obtained on acidification crystallised

ofrom xylene in orange cubes, m.p. 255 • It gave a positive 

Wilson test and a deep red colouration with cone, 
sulphuric acid, with alcoholic ferric chloride it gave 
only a faint colouration.

• Pound : C, 72.4 % ; H, 5*0 % •

g3¥h3o08 requires s C, 72.1 % f H, 5*3 5^ *

The diacetyl derivative : Prepared as before and
crystallised from benzene in pale yellow needles gave 

om«p. 212 .
Analysis s Found : C, 70.41 | ; H, 5*1 %•

C38H3*0AO requires * C, 70.10 ^ ; H, 5*2 %*

i^^^rletramethoxy^^,3*

2\ 2-Dihydroxy-4,6,6-tet ram ethoxy -3,3*-bichalco nyl

(1 g.) was refluxed with alcoholic hydrochloric acid on

a steam bath for 30 hours. The product obtained after
removal of alcohol crystallised from xylene in pale yellow

oneedle s,m.p* 270 ,
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Analysis : Found v: C, 72.2 % ; H, 5.3 %•

c'3>4.H3o08 requires s G, 72.1 ^ *, H, 5«3 %,

4^6V6-Tetrametho:xy 3%bif lavo.nyl :

A mixture of 2^2-dihydroxy-4,4//,6,6-tetramethoxy~

3,3^-bichalcoiyl (1 g.),selenium dioxide (5 g.) and

isoamyl alcohol (30 ml.) was refluxed in an oil bath at
140-50° for 16 hours. It was filtered hot and the product .

obtained on codling crystallised from nitrobenzene In
0

yellow plates, m.p. 328 • It gave a pale yellow colouration 

with conc.sulphuric acid and the Wilson test was 

negative•

Analysis s Found : G, 72.1 % 5 H, 4.5 %*

c'34-h2 608 reqiures s C, 72.6 ^ ; E, 4*6 %.

MQhalOQiEl s
A mixture of 2,2',4,4ftetramethoxy-5,5-diformyl 

biphenyl (3*3 g« j 0.01 M ) and 2-hydroxy-4-methoxy 

acetophenone (6 g. ; 0.04 H ) in alcohol (60 ml.) and 

potassium hydroxide (15 g. |n 15 ml. water) was 

refluxed on a steam bath till the mixture became clear.

It was kept overnight. The product obtained on
0

acidification crystallised from nitrobenzene,m.p.320 . 
ft gave red colouration with cone.sulphuric acid, pale 

colouration with alcoholic ferric chloride and 

positive Wilson test.

V
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AmllS&S. i Found 8 : C, 68*7 % ; H, 5*4 %* 

g36H340j.o/ requires : C, 69*0^ ; H, 5.4 g.

The dlacetyl derivative : Prepared as before and 

crystallised from benzene-petroleum ether in pale yellow 

needles gave nup. 191 *

Analysis s Found : C, 67*1 % 5 H, 5*3 t*

G4oH3a0i 2 requires : G, 67.4$ 5 H, 5*6 9U

AMeraqted cyclization of 212-dimethoxv-4,4"X. 6.6-

hsxamethoxy-l . 3-bichaIco nvl :

A mixture of 2,2/-dihy droxy-4,4^J+}4^6,6-

hex^nethoxy-3,3-bichalcoryl Cl g.), selenium dioxide (5 g*)

and iso-amyl alcohol (150 ml.) was refluxed in an oil 
0

bath at 140-50 for 24 hours. The reaction mixture on 

working up as usual gave the original bichalcoryl instead 

of the biflavoryl.
^xW^en2gylq^ri^3^iace^lbi2hersyl :

45l/-Dihydroxy-3,3-diacetylbipheryl (1 g„) was 

dissolved in acetoie and benzoyl chloride ( 3 ml.) and 

anhydrous potassium carbonate (8 g.) was added. The 

reaction mixture was refluxed on a steam bath for 8 hours* 

Most of the acetone was removed and the product obtained 

on pouring the reaction mixture into water crystallised 
from acetic acid, nup. 1?5°.

Analysis s Found : C, 75.6 % ; H, 4.6 %*

g3oH22°6 requires : C, 75®3 % j H, 4.6 Jg.
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A,4-Dihydroxy-3. V~di (co-be nzoy 1 acetyl) biphenyl :

The ^j^-dibenzoyloxy-SjS-diacetylbipheryl (0.5 g.) 

■was dissolved in minimum quantity of pyridine and powdered 

potassium hydroxide (3 g.) was added with stirring. The 

reaction mixture was kept for 4 hours at room temperature, 

and then poured in ice cold hydrochloric acid. The
oproduct obtained crystallised from xylene, m.p. 253 . It 

was soluble in alkali.

Analysis : Found : C, 75.7 % $ H, 4.4 %*

g3Ch2 206 requires : C, 75*3 % ; H, 4.6 %.

. .//6.6-3jflavonyl :

The above j^-diketone (0.5 g.) was mixed with

cone.sulphuric acid (5 ml®) and kept at rmoro temperature

for 4 hours. The product obtained on pouring the reaction

mixture in ice cold water crystallised from glacial
0

acetic acid, m.p. 312 .

The cyclisation was also carried out by

refluxing the |3«-diketone (0.5 g.) with glacial acetic

acid (10 ml.) for 8 hours. The product obtained on

cooling crystallised from glacial acetic acid®
2 2

Mathai and Sethna prepared the same compound 

by ^ other methods. Mixed m.p. with thetri'sample was not 

depressed.
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