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Synthesis of some g. and y.pyrofe derivatives from dihydroxy

derivatives of diphenyl methape and diphenyl sulfone

Benzo-q-pyrones known as coumarins and benzo-y.
‘pyrpneskderivatives such as chromones, flavones, 1soflavones
and xanthones are found to be widely distributed in the
plant kingdom either in the free state or in the combined
state. Umbelliferon (I), aesculetin (II), scopoletin (III},
daphnetin (IV) and fraxetin (V) are a few of the simple

. S e
coumarins occurring in nature--.

Ry R,
Umbelliferon ( I) H OH H
R A Aesculetin (I =H OH OH
R‘ 0 :
R Scopoletin (1I1I) H OH OCH3
5 ,
Daphnetin ( IV) oH 0H H
Fraxetin ( V) oH OH OCHj

Many complex compounds having the coumarim ring
system, have also been isolated from plants,such as seandenin
(VI), coumestrol (VII), wedelolactove (VIII), robustic acid
(I¥) and ferruol..f&2 . ‘ '
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Flavones and isoflavones are 2-phenyl and 3.phenyl
chromones respectively, Both classes of compounds occur in a
a variety of plants either in combination with rhamnose and

glucose or assoclated with tannins or in the uncombined shate.

Chrysin (XI)y futeolin (XII), quercetin (XILI), calycopterin
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(XIV), daidzein (XV) and te¢torigenin (XVI) are 'somswfi

the simple members of these groups found in nature:\f“'

2,3,Dihydroflavones are known as flavanones and
the 3.hydroxy derivatives of flavanones are called flavanolonas.

Butin (XVII). and fustin (XVIII) respectively are the members

of theée EToupsS.
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As the present chapter deals with the synthesis
of g.pyrore and y-pyrone derivatives from diaryl derivatives,
a few important methods for their synthesis which have been
used in the present work may be 'briefly mentioned here.

(1) The Pechmann condensation  is an importent
me thod for'préparingicOumaggns, g¢ince it proceeds from
very simple starting‘materiéls and gives good ylelds of
coumarins. It consists in the condensation of phenols with
P-ketonic aesters in the presence.of condensing agents such
as sulfuric acid, phosphorus pentoxide, aphydrous aluminium
chloride, polyphosphoric acid, phosphoryl chloride, hydrogen
fluoride and zinc chloride.

> e, Y T°
" +CHaCOCH, COOCoH ne. .
: ) 3 2 275 H2804>

CH3

Coumarins without substituents in the pyrone ring
" can be synthesised by condensing phenols with malic acid in
the presence of cone. sulfuric acid . Various &Spects of
this reaction have been reviewed by Sethna and Phadka .

) The use of sulfuric acid as the condensing agent
leadé to the £§rm§tion,,of coumadrins except in a very few

‘ 5
cases where chromones are also formed . Those phenols which



do not céndensg in the presence of sulfuric acid or form
coumarins in low yield give chromones when phosphorus
pentoxide is employed as the condensing agent. Mentzer
et al.6 found that if a phenol was heated w;thzﬁ.ketonic
ester at a high temperature without any condensing agent -
chromones are f ormed " 'instead of coumarins. ILater, Desai,
Trivedi and Sethna7 found that the reaction is more‘rapid
and better products are obtained if diphenyl ether 1is used
as a solvent and the react ion mixture refluxed with a short
condenser to remove the water formed.

(i1) The Perkin reactioha’g has proved successful
in the synﬁnesis of coumarins from salicylggehyda,derivatives.
It involves the condensation of an o.hydrox}aldehyde with

acetic anhydride in the presemce of sodium acetate.

OH R CH, cooNa
+ (RCHy(C0) 0 >
[::::[cﬁo '(R‘ s 22 - ’

Iodine has been used as a catalyst and is reported

i
to increase the yleld of commarin- . Other higher aliphatic
acid enhydrides and salts when substituted for the acetie

iisr2
acid derivatives give 3.substituted coumarins--- .- .

The Knoevenagel reaction 13 is another reaction
which glves coﬁmaéins from aromatic o.hydroxyaldehydes when
they are condensed with substances containing an active
methylere group such as malonic ester, acetoacetic ester and
cyanoacetic ester, in the presence of orgesnic bases such as

piperidine.
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h.Hydroxycoumarins are formed in gooQ yields by

_the condensation of q—hydroxyphenyl ketones with diethyl

carboreté in presence of pulverised sodium o

OH
COCH,R

' 16917528311
saveral other methods 5’ i 7’ 8249 h also

been developed for the synthesis of k.hydroxycoumarins.

A

Sy_gthesis of chromore derivatives :
| Kostanecki and Rozycki showed that a chromone
derivative was formed when resacetophenone was heated with

- sodium acetate and acetic anhydride.

HO- oH O '
~ (CH3C0),0 . hcoco CHy
CoCHg CHzcooNa - cocHy

0




55 .
21
Allan and Robhinson -- found that when o.hydroxy
acetophenones were heated with the sodium salt and the
anhydride of an aromatic acid, a flavone derivative yas
obtaired. This method now known as the Kostanecki.Robinson
reaction has been extensively used for the synthesis of

chromone and flavone derivatives.

@C’H 4 (CeHgc0),0 /

COCHg CgHs coova

Another method also due to Kiostamec:kiz2 coﬁsists in the
condensation of o-hydroxy acetophenones with aromatie
aldehydes. This gives chalcones which'can‘pe cyclised to
flavanones by héating ﬁith a mineral acidzs’?&. The
chalcone can be treat;d with bromire to give chalcone
dibromide which when‘heated with aleoholic potassium
cyanide or heated above the m.p. under reduced pressure
gives flavoneés. o-Hydroxy chalcones?é and flavénoﬁes
may be coﬁverted‘into flavones by heating with selenium

dioxide in iso.amyl alecohol.
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‘Bak‘eraa and Venkataramanze, developed a method
for the synthesis of y.pyrones whiéh consists in the
rearrangement of an o-aryloxy acetophenone in the presence
of sodamide, potassium carbonate or according to a
modification of Looker et al .30 with pyridine and potassium
hydroxide. ‘

| The p-diketoné is f:hen eyclised Iwith a mireral

acid.
Ocobh o\ “yOH H
Yeeidind 250},
@cocrg Koh 7 cocrgcoph HOAC

The presence of flavones in plents has been known

‘8ince many years but it is only in recent years that the



presence of biflavonyls\hés been moticed. As stated in the
general introduction our interest in studies in diaryl
derivatives arose from the possibility of sfnthesis of
biflavonyl, bichromonyl and bicoumafinyl derivativés from
diaryl derivatives,
Naturally occurring biflavonyls

' Several natu?ai biflavonyls have been isolated
during the past few years and their structures have been
established by degradation methods and spectral data such

as ult;a-violef and infra.red spectra:ASotetsuflavon93l(XIX),
kayaflavon932 (XX), g inkge t1n33'3 (XXI), isoginkgetin (XXII),
sciad0p1tysin (XXIII) are some of the Iimportant biflavonyl

'Sotetsuflavone (XIX) CH H H' "
Kayaflavone  (XX) H CHy  CHy  CHs
Ginkget in (XXT) CH; CHs H i
Isoginkgetin  (XXII) H CHy - H CHy

Sciadopitysin (XXIII) CH3y CHjy H CHj
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derivattvés isolated from cycas revoluta, torreya mcifera,
ginkgo biloba and sciadopitys verticillata Sieb. et Zuce.
\(umbrella pine), respectively. The structures of the above

biflavonyls have been established-

37
Hinokiflavone (XXIV) isolated .from the leaves
of Cryptomeria japonica”jhas been shown to be a biflavonyl

ether,

Synthetic biflavonyls :

Several symmetrical biflavonyls have been
synthesised by the Ullmann reaction on bromo or iodo.
flavones. Thus, Chen and Liu3 synthesised 3,3-biflavonyl
by the Ulimann reaction on~3-bromoflavone. They further

‘reported that the Ullmann reaction on é.-bromo, 7-bromo,
k’-icéo and 6-bromo-4’.methoxy flavenol derivatives did

not guccéed; Other symmetrical biflaﬁonyls have &al1sa heen
synthesised through the Ullmann reaction on the appropriate
halégegoflavenes, Thus, 3-bromo, 6.iodo, 6.iodo.l’.methoxy,
7-iodo, 7-iodo-’.methoxy, B-iodo, 8-bromo, 8.chloro,3’.iodo
and 4’.i0doflavone derivatives were converted into their

39940 %o -
respective biflavonyls by Chen et al. - . Ghen' synthesised
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7,7?!8,8"?.3,3”- and & ,47? % biflavonyl derivatives by the
Ullmann reaction on methoxy iodoflavone derivatives. J'urduf-
synthesised 7,7’’.dimethoxy.8,8’’.biflavonyl and 7,77,

4’ 4?7 _tetramethoxy.8,8? *.biflavonyl from the correspond ing
8-1lodoflavones by the Ullmann reaction. Dz-::me thylation of
the above me thoxy biflavonyls with aluminium chloride in
boilivng benzene gave the corre;séonding hydroxy biflavonyls.
In this 1a1;oratory Shan“ 2 has synthesised symmetrical
biflavor;yls by the Ullmann reaction on 7-methoxy-8-1odo.
flavone, and 7.methoxy-6.iodo-3.benzoylflavone. Ginkgetin
has been synthesised by Nakazawa and Il{g by the crossed
Ullmamn reaction between 3’..1odo-5-benzoylox:}.lb"r3-¢imethoxy
flavone and S.benzoyloxy-S-iodb.lr’,7..dibe\ﬁzy1bxfﬂa&ione T
in the presence of activated coﬁper powder and subsequent

hydrolysis with 10 ¢4 sulfuric acid - in acetic acid,
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Mathai and Se‘chnah-u used a different appréach for
the synthesis of symmetrical biflavonyls. : .-, They prepared
3’,3”’-and 6,6”'.b1f1avony1s by’ sj\:mulﬁangous cyclisation
and dehydrogenation of the bichalkonyl derivatives obtained
from the condensation of 2,2°. and 4,4’.dimethoXy.3,3’.di.

formyl diphenyls with 2-hydrosy acetophenone and from the
éondens;tion of 4,4’.dihydroxy.3,3?-diacetyl ctiphenyi with

benzaldehyde re spect;vely . 4 OCHg
. QCHy - . CH=CH-C
2 CHO | . &
OH
(] ooy
OH

-COCH= CH@

——————————————oy

-CO CH:CH@
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This work was further extended by Sethna and his
co.morkérs?s’kst. Balani and séthpéu¢,prepared bi.(6-flavonyl)
ketghé and bi-(6’.methoxy.3?-flavonyl)ketone by cyélisiné
the correSpondiﬁg bichalconyl derivétives obtained from
the condensation of 3,3’rdiacetyi;k,%’.dihydroxybenzophenone.
with benzaldehyde and from the condensation of 3,3'-diformyl.
k,k’-diﬁethoxybenzophenone with 24hydroxxacet6phenone
respectively. |
Bicoumarinyls :

Several symmetrical bicoumarinyls have also been
: synthesised: Dysqn§8 synthesised 3,3’.bicoumarinyl by heating
salicylaldehyde with sodium succindte and acetic anhydride -
‘iﬂ,a sealed tube at 1%0° for 4o hr; Huebner and Link&? '
reported the formation of 3;3’,bicoumar1nyl derivative from
3;bromo.&.methoxycoumarin. lele et a.l«.sc have synthesised
8,8 . and 3,3’.bicoumarinyl derivatives by the Ullmenn
reaction on iodocoumarins.

‘Sen and Duttsi obtained 6;6’.bieoumar1ny1 by thq
action of acetic anhydride and sodium acetate on 4,4’.di.
hydroxy.diphenyl.3;3’.dialdehyda.,Harle and Lyonssf obtained
tetrahydro.k,k?.bicounarinyl as one of the products in the
reduction of coumarin using zine and acetic acid, .

Recently some unsymmetrical bicoumarinyls have
been isclated from planté. Thus Mihashi et als > °" have
1solated 6,8°.bicounsrinyl and nsmed it Matsukaze Lactone
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. ‘ 55 ‘w, - \ S
(XXIVAa). Spencer et al. have isolated 7,7’-dihydroxy-
6,8’ -blcomnarinyl( bicowmol) (XXIVAb) from ladino clover.
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Dey and Row  synthesised several 4,3’_bicoumarinyls
through zﬁf ifndensation of coumarin Y.acetic ester with
Salicy '

‘variousLaldehydes under the conditions of Perkin reaction
\ or Knoevenagel réaction;
‘7-Ch19ro-#,3’.bicoumarinyi has been synthesised
by Thakar57 by the condensation of 7-chlorocoumarin.i.
acetic acid with salicylaldehyde in the presence of pipegidine.
Jainamma and Sethn.aj8 synthesised 3,6’.Eicoumariny1 by Perkin
acetylation of 3-(43-hydro;y-3;-formylphenylj-coumarin.

Present work

~No work appears to have been done on building
upkof a~ and y.pyrone rings on suitable diphenyli.méthane
and diphenyl sulfone derivatives:‘The present work deals
with the sjﬁthesis of some bicoumarinyl. and biflavonyl.
methane derivatives from 2,2°. and 4,4’;dihydroxydipheny1
meﬁhane and the synthesis of a biflavonyl sulfore from
4,#9.d1£ydroxydipheny1 sulfone. | .
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Pecrmann ocondem$ation of H‘ﬁ’.a ibydro¥ydiphenyl methans

with ethyl acetoacetate : Synthesis of bi(l-methyl-6-

4

coumarinylymethane :

4,4’ _Dinydroxydiphenyl methane on Pechmann
condensation with ethyl acetoacetate in the presence of
sulfuric acid {80 7)ygave a product which was ianscluble in
dilute alkali.0On heating with alkali and dimethyl sulfate in
acetone solution on a steamhbath it .g2ve an unsaturated acid
as seem:. by decolourisation of broﬁiae water and potassium
perménganate solution. The formation of such an unsaturated acid
is a diagnostie test for a coumarin derivative59.Bi(4.methy1-6-
coumarinyl)methane structu%e (XXVI) has, therefore, been assigned
to the condensation product and the unsaturated acid has been
assigned structure (XXVITI) .Spectral data for(iXVI): T.R.1680 cmtﬁ
U.V. ) max (chloroform) 27%, 3227w Loumdrins absorb infra.red
radiation at 1720 cm.. end U.V. light at 300 T o

Synthesis of bi(6.coumarinyl)methane : Perkin reaction on

]
3,3 -diformyl-Y Y _dinydroxydighenyl methane :

3,3’-Diformyl-#,%’-dihydroxydiphenyl methane was
prepered earlier by Marvel and Tarkoyéo by the condensation
of salicylaldehyde with trioxan. Attempt to prepare it by
heating 4,4’ _dihydroxydiphenyl methane With hexamine in
acetic acid resulted in a non-melting unworkable produét. It

was therefore prepared by Sommelet reaction on 3,3’-di-
(chloromethyl) 4,4’ .dimethoxydiphenyl methane as given on

p2ge |37 « On heating with acetic aphydride and sodium acetate it

gave a compound which was insoluble in alkali and did not
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give the test for an aldehyde group. Bi{6-coumarinyl)
methane structure (XXVIII) is assigned to this compound.
_ The same product was also obtained through the

following‘route :

Epnogvepagel condensation of 3,3' diformyl b t?_dihydroxy.

diphenyl methane with diethyl malopate

3,3’-Diformyl.k,4’ -dihydroxydiphenyl methane
on condensdtion with diethyl ﬁalcnate in the preéence of
a few drops of piperidire furnished a product which was
insoluble in cold dilute alkali and did not give any
colauration with alecoholic ferric chloride. Bi(3.carbethoxy.
6_coumarinyl)me£hane structure (XXIX) was assigned to this
product. On hydrolysis with alcbholic potassium hydroxide‘
it gave &he corresponding dicarboxylic acid (XXX) 'which on
decarboxylation by heating in quinoline with copper powder
gava.bi(6fcoumarinyl)methane (XXVIII) described above., I.R.
1675 cmi%ﬂlmdamgthv. ) max. (Chlorofom) 276, 32% mm.

Synthesis of bi(h.hydroxy.6-coumarinylymethane

The blood anticoagulating agent dicoumarolei-which
is 3,3’-methylene-bis(4-hydroxycoumarin) is prepared by
heating h4.hydroxycoumarin with, formalin.

This method is not applicable for the synthesis
of bis(k-hydroxycoumarin) derivatives with the methylene
bridge in any other position. It was, therefore, thought of

interest to see if such compounds could be prepared from

suitable diphenyl methane derivatives.,
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3,37 -Diecetyl-u4,u4’~dihydroxydiphenyl methone was
rzquired as an intermediate for the synthesis of the above
-compound. It was prepared by the Fries migration of 4,%’-1
diacetoxydiphenyl methane with anhydrous aluminium chloride
at 130-40° The 3,3’-diacetyl-4 4’ -dinydroxydiphenyl methane
structure (XXXI) was assigned to the Fries migration. product
as it gave a greenish.brown.. colouration with aleoholic
ferric chloride ard its dimethyl ether on oxidation with
alkdline pofassium permanganate gave the known #,4’-d;methoxy-
benzophenone-3,3’-dicarboxylic acid (XXXII) as seen by direct \
comparison with an authentic Specimén prepared according to
Balani and Sethna“7.

3,3’-Diacetyl-k, 4’ -dihydroxydiphenyl methane when
heated with diethyl carbondte in the presence of pulverised
sodium gave a product which analysed for C,gH; 04 2nd was
soluble in Sodium bicarbonate solution. It gave a dimethyl
ether C.Hy g0 with dimethyl sulfate. However, it did not
give any“cﬁlouration with alecoholie ferric chloride probably
~ due to its very low Solubility in aleohol. The bi(k-hydroxy-
6-coumarinyl)methane structure (¥XXIII) is assignéd to hhe
product, I.R. 1670 Cm‘:xcg'ﬁo,damq‘)‘3450 cm:'l‘(b. free -COH).

t

Spsthesis of bi(6-flavonyl)methane
3,3’-biacetyl-%,4’-dinydroxydiphenyl methane was
converted into its dibenzoyloxy derivative (XXXIV) by treating

it with benzoyl chloride in presence of pyridine. The
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dibenzoyloxy deri&ative was then subjected to Baker-
Venkataraman transformation according to the modified .
method of Looker et aléo in the presence of pyridine and
potassium hydroxide. Tﬁe rearranged‘produgt was soluble

in dilute sodium hydroxide solution and gave greenish.
_brown colouration with alcoholic ferric chloride. 3,3’-
Di(benzoylacetyl).k4,%’ ~dihydroxydiphenyl methané structure
(XﬁXV) was assigned to the prodqct; It was’cyclised by
heating it in glacial acetic acid with a few drops of conc.
sulfuric acid when the desired bi(6-flavonyl) methane
(XXXVI) was obtained. The same bi(é-flavonyl)methane was
cbtéined when 3,3’-diacetyl—4,%’;dihydrox&diphenyl me thane
was subjected to Kosténecki.Robinson benzoylétioﬁ by heating
with sodium benzoate and benzoic anhydride at 190-2000- ‘
U.V. ) mdx. (chloroform) 264, 298 mm « I.R. 1635 cm:ﬁ
(C=0) 4 ‘ |

Synthesis of bi(l’.methoxy-6-flavopyl)methane s

3,3’-biacetyl—%,%’-dihydroxydiphenyl me thane

was condensed with anisaldehyde in the presence of alcoholic
potassium hydroxide. The bi(%-methoxy—é’.hydroxy-}’-chalconyl)
methene structure (XXXVII) was assigned to the bichalconyl
derivative as it gave a positive Wilson test, a deep red
colouration with conc. sulfuriec acid and brown colouration
with alecoholic ferrie chloride. It gave a single spot in TIC.
‘The above bichalconyl derivative when refluxed with selenium

dioxide in §8o-.amyl alcohol gave a product which was insoluble
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in alkali and gave light blue fluorescence with conec. sulfuric
acid, Bi(HLmethoxy-é-flavonyl)methane structuré (¥XXVILI)

' ) ¢ chloyoform)

has been assigned to the product: U.V. A max.L‘262, 318 mm.

I.R. 1635 cmji (C=0)«

’.
Synthesis of bi(é-methoxy.3 -flavonyl)methane :

3,5 -Piformyl-4,4{-dimethoxydiphenyl methane
prepared as described on page 137, was condensed with
2-hydroxy acetophenore in the presence of alcoholic potassium
hydrozide. The bi(2-hydroXy-6.methoxy-3-chalcornyl)methans
structure (XXXIX) was assigned to the bichalconyl derivative
as it gave a positive Wilson test, a deep red colouration
with conecs sulfuric acid and brown colouration with alcoholiec
ferric chloride. It gave a single spot in TIC. The above
bichaleconyl derivative when refluxed with selenium dioxide
in iso.amyl alclohol gave a product which was‘ insoluble in
alkali and gave a single spot in TIC. Bi{6é’-methoxy-3?-flavonyl)
structure (XL) has been assigned to the prodomct. U.V, )\ max.
(chleroform) 288, 308 mm. I.R. 1630 em. (C=0).

Synthesis of b;{6~f1a§onyl)§ulfone :

3,3 .Diacetyl.h, 4’ .dihydroxydiphenyl sulfone
require@ as an intermediate for the synthesis of the title
compound was prepared as follows ;-

4,42 Dihydroxydiphenyl sulfone62 on acetylation
with acetic anhydride gave 4;4 -diacetoxydiphenyl sulfone
which on Fries migration with anhydrous aluminium chloride at

o
1%0.50 gave the 3,3”.diacetyl-k4’.dibydroxydiphenyl sulfone(XLI).
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It was soluble in alkali and gave a deep red colouration
with aleoholic ferric chloride. The same diacetyl derivative
was obtained according to Kulkarn163 as follows :.

o;ﬁydroxy acetophenone was céndensed'with thiony;
chloride in presence of copper powder when 3,3’-diacetyl-l ki’-
dihydroxydiphenyl sulfide was obtained. The above sulfide was
oxidised to the corresponding sulfone with hydrogen peroxide
in glacial acetic acid solution. M.p. and mixed m;p. with
the product obtained above was found to be 188

For the further confirmation of '~
the struéture of the Fries migration product,uit was converted
into its dimethoxy derivative by refluxing with dimethyl
sulfate in acétone solution and ﬁpe dimethyl ether was oxidised
by heating with alkaline potassium permanganate to the known
4,47 .dimethoxydiphenyl sulfone-3,3”-dicarboxylic acid (XLII)
maepe 25200 Mixed m.p. with an authentic sample prepared
according to Kulhatkar and Bokil64 was ﬁot depressed. These
authors prepared thié dicarboxylic acid by condensing
’3-methylnh.methoxybenzenesulfonyl chloride with 2.methylanisole
in the presence of anhydrouslaluminium chloride to gt 3,3°-
dimethyl-% 4’ -dimethoxydiphenyl sulfone and then oxidising it
with alkaline potassium permanganate to the diearboxyliec acid.
They reported mep. 250"

3,3’-Diacetyl-4,t’ -dihydroxydiphenyl sulfone on
éondensation with benzaldehyde in the presence of aleoholic

potassium hydroxide gave’bi(é’.hydroxy_3’-ehalconyl) sulfone -
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(XLIII). It gave a dimethoxy derivative, red colour with
conc. sulfuric acid and a positive Wilson test. It also gmve
a single spot in TILC. The above bichaleconyl derivative when ,
refluxed with selenium dioxide in iso-amyl alcohol gave a
product which was insoluble in alkali and gave light blue
fluorescencewith cohe. sulfuric écid. The bi(6-flavonyl)
sulfone strﬁcture (XL1V) is assigned to the prbduct; UV,

)\ maX, (chloroform) 268; 296 mm o I.R. 1645 cm:i (C=0)»
Attempted Pechmann condensation of 212’-dihydroxydiphényl

methane With ethyl acebtoacetate :

2,2’ ~Dihydroxydiphenyl methane on . ::- keep'm%';:

with ethyl acetoacetate in the presence of sulfuric secid

did not undergo any reaction and the unreacted original
compound was recovered; The condensation did not take place
even with other condensing agents like phosphorus pentoxide,
anhydrous aluminium chloride or polyphosphoric acid. The
original compound was also recovered unchanged when 2,2°.
dihydroxidiphenyl methane was refluXed with ethyl acetoaceiate
in diphenyl ether.

It ﬁay be mentioned here that o-cresol also does
not condense with ethyl acetoacetate in the presence of
sulfuric acid.. °. It is however reported that it gives a 8 ¢
yield of 2,8-dimethylchromone on condensation with ethyl |

acetoacetate in the presence of phosphorus pentoxides,
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Attempted pechmann condensation of k4.\4’_dihydroxydiphenyl

sulfone with ethyl acetoacetate

4 4’ Dihydroxidiphenyl sulfone did not condense
with ethyl acetoacetate in the presence of sulfuric acid,
The original product was recovered unchanged when it was
condensed with ethyl acetoa&etate either in the presence of
phosphorus pehtoxide or anhydrous aluminium chloride in
nitrobenzene at 120.300. It also did not undergo any
condensation when réfluxed with ethyl acstoacetate in diphenyl

ether.

-Attempted condensation of 3,3’-diacetyl.k,%’-dihydroxydiphenyl

sulfone with diethyl carbonate

3,3’.Diacetyl-4,4’-dihydroxidiphenyl sulfgre did
not undeBgo condénsation when refluxed with diethyl carbonate

in the presence of pulverised sodium.



EXPERIMENTAL.

Pechmann n_condensation of 4. .dihxdro_:_z_z ghegzl methane

with ethzl acetoacetate Bi-(4.m thxl—6-coumarigzl]-
gethana H ‘

4%,4?.Dihydroxydiphenyl methans (2 g +) and ethyl
acetoacetate (%‘ml.') wers mvixed together and sulfuric acid
(19 mkej 280 lﬁj vas added with external cooling and stirring.
The reaction mixture was kept for 24 hr. and was then poured
on crushed lce. The solid obtained was filtered and washed
with dilute sodium hydroxide and then with water, It
crystallised from glacial acetic acid. M.P. 282.84°. Yield
0.5 8o

Analysis : Found s Cy 75.71 s #6474
Hy 4.85 2.

C, 75.89
i MM
. Bi{a .Jnethyl.p-carboxy -2-methoxy ..5-styry1)me thane

e

é 23 Hi g O © requires

*»

-5

The abQVe bicoumarinyl derivative (0 2 g.) was
dissolved in hot acetone (20 ml.). Sodium hydroxide solupion
(5 mle 20 2) was added followed by dimethyl sulfate (0.5 mL.).
The reaction mixture was refluxed on a steam bath for 4 hr.

- after making the ,solutioﬁ distinetly alkaline, The product
obtained on acidification was filterad and purified by
extraction with sodium bicarbon2te solution. The dicarboxyiic
acid crystallised from dilute alcohol in white needles, m.p.
178-790. It decolourised bromine water and potassium

permanganate solution.



Analysis s Found s Cy 69495 3 H, 997 %
“623qu05 requires : c 69.70 s H, 6.06 %,

Perkin acetylat ion of 3,3 ’-diforgl.lf %’-dil_;ydroxydiphenz_

methane : Bi-(6-coumari methape

A mixture of 3,3’-diformyl-k, l+’.<1ihy<ilrox:,ni:i.pl'nemyl
methane (0.5 g.), fused sodium acetate (2 g.) and acetic
anhydride (5 ml.) was refluxed in an oil bath at 180-90
for 12 hr; The reaction mixture was then poured on ice and
the separated solid was filtered and washed with dilute
sodium hydroxide solluti‘.en,‘ The alkall insoluble product
erystallised from dilute aleohol. Mep. 203"+ Yield 0.1 g.
Analysis Found : C,7%.36 5 H, b2 4.
Cagﬂxaou requires : C ,7%.98 s Hy 3.95 2.

Knoevenagel condensation of 3,3 ’-diformyl.lt- k’.dihydr oRy -

diphenyl methane with diethyl malonate : Bi-(;..carbetho;z-
-6-comarigx1)metnane 3 ‘

A mixture of 3,3’-diformyl.k, 4?.dihydroxydiphenyl.-
" methane (0.5 g+), disthyl malonate (1 ml.) and a few drops
of piperidine was kept at room temperature for 48 hr, The
reaction mixture was then washed with aleohol and dilute
hydrochloric acid. The product crystallised from alecohol in
pale yellow needles, (042 g4), Bops 1780.
Analysis : Found .;.C, 66.77 5 Hy 448 g
C2sH 2408 requiress:C, 66.96 ; Hy, k46 2%,
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Bi-(J-carboxy-6-coumarinyl)methane :

The above aster,(o;S g.) ‘was refluxe? with
‘alcoholic potassium hydroxide solution (20 ml;} 20 Z)for
5 hr, Bhe product obtained on acidification of the clear
alkal;né solution crystallised from nitrobenzens . Mepe 3660.
Yield 0.3 g.
Apalysis  : Found : C, 64.0% 5 Hy 3,13 7.

CaxH;zQs ~reqnires‘= C, 64.29 ; H, 3.06 4.

Decarboleation ]
The above dicarboxylic acid (0.5 g.) was dissolved

in quinoline (10 ml.) and a pinch of COpper powder was
added. The miiture_was refluxed gently for half an hour and
then filtered; The filtrate was poured in 1 3 1 hydfochlobic
acid, The separated product crystallised from ‘dilute aleohol.
Mep e 203 o Yield 0.23g.

- The mixed m.p. of the compound with bi.(6-coumarinyl)
methane obtained*through the Perkin acetylation déscribed

before w&s not depressed,

3,3’.Diacety;.4.4’.dihxdrogzdighegzl methane :
A mixture of 4,4’.diacetoxydiphenyl methane (1 g.)

and anhydrous aluminium chloride (2 g.) was heated in an
0il bath at 130-400 for 1 hr. The reaction mixture was
decomposed with ice.cold hydrochloric acid and the product
was taken up in sodium hydroxide solution. The product
obtained on acidification erystallised from aleohol in brown
. needles (0.5 g.), m.pe 155 + It gave a brownish geeen
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colouration with aleoholic ferric chloride. ‘
Analysis s Found 3 C, 71.83 ; H, 5.55 4.
dxﬁthg requ,ires s+ C, 71.82 3 H, 5.63 %o

m..g 2,1+.dinitroghe_n_glhxdrazone) :

The above ketone was dissolved in alcohol and

. a solution of 2,4.dinitrophenylhydrdzine in alcohol was
added: The separated solid crystallised from dipheixyl ether
in orange shining needles, m.p. 2910 (decomp.) «

Analysis s+ Found l s N, 1‘7.66 %o

CogiayNgli, Tequires : N, 17.40 %.

The dimeth}l ether . : | |

A mixture of 3,3 diacety1.4 Y dihydroxydiphenyl
‘methane (1 g.), dime thyl sulfate (1.5 ml.) and anhydrous
‘potaSSimn carbonate (2 g.) in dry acetone was refluxed for
16 hrm. The product épta.ined on removal of acetons and
adding water crystallised from benzene.pefroleum ether
mixture in white shining plates (0.8 g.), m.ps 71-72
Analysis : Found  : C, 73.1% ; H, 6.3 4.
C1 9H 2404 requires : C, 73.06 4 H, 6.41 %o
>0;idati.on s iy ’+’.Dimetho:s{":ybenzo;)bencne-3,3’-dicarboxylic adid

A mixture of the above dimethyl ether (0.5 ge),

potassium permanganate (2 g.) and potassium hydroxide
solution (15 ml. 5 10 %) was refluxed for 3 hr, More of
potassium igermanganate (1 g.) was added in small quantity

at regular intervals. The reaction mixture was filtered and
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the filtrate was decolourised by adding sodium sulfite
solution. Tbe clear alkaline solution was acidified with
hydrochloric acid. The separated product was purified by
bicarbonate treatment and crystallised from aleohol in
vhite needles (0.2 g.), m.p. 244°, Ishiwata and.Takad365
reported m,p. 2%2.430. Balani and Sethnaky reported m.p.
2,
Bi-(4.hydroxy.6-coumarinyl)methane

‘ A mixture of 3,3’-diacetyl-k4’-dihydroxydiphenyl-
me thare (11g:),_diethyl carbonate (25 mlg) and pulverised
sodium (3 g.) was refluxed on a steam bath for § hr. The
reaction mixture was poured in'cold water and the excess
diethyl carbonate was removéd_by extraction with ether, The
product obtained on acidification of the clear alkaline
solution erystallised fgom nitrobenzene. Masp. 2960. Yield
0.5 g« It was soluble in sodium bicarbonate solution.
C! 67.45 3 Hy 3.4+ 4.
 CygHa 20 requires : C, 67.86v; Hy 3.57 2.

Analysis Fouﬁd

The dimethyl ether .

A mixture of bi-g%-hydroxy-6-coumarinyl)methane
(0;2 g;), dimethyl sulfate'(O,S ml.) and anhydrous potassiﬁm
éarbonaté (1 g+) in dry acetone was refluxed for 15 hr. The
product obfaiﬁed onrremoValiof acetone and adding water
crystallised f rom glacial acetic acid, Mep. 310 .Yield
0.1 ge |
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Analysis : Found 2 C, §9.1é § Hy k0 2.
CaHig0¢- requires : C, 69.23 ; H, ¥.39 4.
3,5’;Diacetzl.4,4’-dibénzoilozxdighegii me thans :

A mixture of 3,3’.diacetyl-#,h’_dihydfoxyéiphsnyl
methane (0.5 g.), pyriding (1 ml,) and bgnggyl chloride
(0.5 mL.) was stirred for 15 mimates. Tne’reactioninixture
was then treated with cold nydrochloric‘acid. The separated
préducﬁ‘crystaliised from alecohol in white shiniﬁg‘needles
© (Ol g4)y mepe 1232244 | ‘

Analysis : Found - 5 C, 75.82 ; H, 4.83 2o
C31H 2,04 ‘requires : C, 7560 5 H, 4.88 4.

3,31.Di(benzoylacetyl) -k, b dihydroxydiphenyl methane

o A mixture of 3;3’-diacetyl-# L. dibenzoyloxye
diphenyl me thane (0.5 g.), crushed potassium hydroxids (3 g.)
and pyridine (5 ml.) was kept for 4 hr. at room temperature./
Iée-cdld hydrbchloric acid was then added to the -above
reaction mixture. The separated product was purified by
extraction with sodium hydroxide solution and crystallised
from acetic &cid. Mepe 182-83 e Yiold 0.2 g. It gave ,
‘brownish green colouration with alcoholic ferric chloride/'
solutién: ‘ \ ‘
Analysis : Found s Gy 75.53 § H, %497 %o
6311{2.;06 éequires s Cy 75460 5 H, 4.88 #.

1-56.f1avogxl)methane :

The above P -diketone (0 5 g.) was refluxed with
glacial acetic acid (10 ml.) and conc. sulfuric acid (2 drops)
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for 4 hr, The separated productvcr&stallised{from glacial
acetic acid in white shining plates (é.%ig.), ﬁ.p.‘253-54°.
It was inSOIuble in sodium hydroxide solution and gave
light violet fluorescence with conc. sulfuric ac: id.
Analysis : Found 1 C, 81.51 3; H, 4,3k %.

C31H200¥ liequires H C 81. 55 .39 %Q

e

Kostanecki.ﬁobinson benzoylation of 343 -diacetxl-%,h =41

hydroxydiphenyl methane s
3,3’-Diacetyl-% k’.dzhydroxyaipheny1 me thare

(0.5 g.) was mixed with' sodium benzoate (1 g.) and benzoic
anhydride (1 g.) and heated in an oil bath at 190-200
for 12 hf. The mixture was treated with water and kept
overnight. The pasty mass obtained was repeatedly boiled
with water to remove the sodium benzoate and unreacted
benzole anhydride. The solid remaining undissolved on
treatment with dilute sodium hydroxide solution was filtered,
washed with water and refluxed in alcohol with anhydrous
potassium carbonate (1 g ) on a steam bath for 5 hr. The
product obtained on removal of alcohol was washed with
water and then with dilute sodium hydroxide. The alkali
1nsoluble product crystallised from acetic acid, M.p. 253 .
Yield 50 mg. .

The mixed m.p. of the compound with bi-(é-flavonyl)
‘methane pbtained through thg Baker.Venkataraman téansformation

deseribed above was not depressed.
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Condensation of 3,3f-diacetg;=&;&?.digxggg;zg;ggggx;
methépe with anisaldehyds : g;:i&gggﬁggzxgélzgxggggzgglz
chajconyl) -me fhane : | | | -

A mixture of 3,3’'.diacetyl.t’.dihydroxydiphenyl
me thane (1Ag.), anisaldehyde (2 ml.) and potassium hydroxide
(5 g. inb5 ml. waterj in alcohol (30 ml,) was kept at room
temperature for 24 hr. The solqﬁion turned dark.red in
colour. Crushed ice was added to the reactibn mixture and
it was acldified with hydrochloric acid. The separated
product was filtered and washed several times with sodium
bicarbonate solution;’The residue crystallised from glacial
ace’cic; acid. M.pe. 198-2000. Yield 0.8 g.

Analysis ‘: Found : Q; 7968 3 Hy 536 %
C33H 240 requires : C, 76.15 ; H, 5.38 %e

It gave a positive Wilson test and a deep red
colour with econc. sulfuric acid. It gave browm colouration
with aleoholic ferric chloride and shewed a single éﬁot in
TIC. |
Bi-(% -methoxz-é-flavonx;lg:thans :

Bi-(h_methoxy-6 .hydroxy-3 -cbalconvl)methane
(0. 5 g.) was refluxed‘with selenium dioxide (& g.) in iso-
- amd, filtened hot.
amyl aleohol (30 ml.) for 35 hr.L;so-amyl alechol was
removed by steam distillation and the alkali insoluble
product crystallised from glacial acetic acid in pale yellow

1 ‘ , o

needles (0.2 g.), m.p. 254-55 « It gave a light blue

fluorescénce\with conc. sulfurie acid.

R



Anazlysis' : Found : C, 76483 3 H, 4.52 4.
C33H2,06 requires : C, 76475 3. H, 4.65 4.
It showed a single spot in TIC.

Condensation of 343’<..d1f01jmzl-l|»,l+’.dimethoxzdighegl methane
with o-hydroxy acetophenore : Bi-(2’-hydroxy.6-methoxy.3.
ghalconyl)methane | | |

A mixture of 3,3 -diformyl.k,4’.dihydroxydiphenyl

methé.m‘ (1~g.), o-hydroxy acetophenone (2 ml.) and potassium
hydroxide (5 g+)-in aleohol (100 ml;) was kept at rooﬁ
temperaturé for 24 hr; The solution turned darg.red in
colour. Crushed ice was added to. the reaction mixture and
it was acidified hwith :hydrdchloric acid, The separated -
product was filtered and crystallised from glacial acetic
aci_.d_. «Pe 170-72 o Yield 0.7 ge. -
Analysis 3 Found $ Cy 76426 5 Hy 5.33 %o

C33H2g0¢ ° Tequires : C, 76.15 ; H, 5.38 z.

It gave a positive Wilson test, a deep red colour
with conc. sulfuric acid and brown colour with aleocholie
ferric chloride solution, It alsc showed a single spot in
~ TIC. ‘

Bi-( 6’.methog‘ =3 ’-f;avo@methane 3

Bi-(2’-hydroxy-6-methoxy-3-chalconyl)methane (0.7 g.)

was refluxed with selenium dioxide (7 8.) in iso.amyl aleochol
amnd filtered hot,
(100 ml.) for 35 hr. | Iso-amyl alcohol was removed by - steam

distillation. Pasty product obtained was dissolved in chloroform



and passed over alumina, The solid product obtained on
removal of the solvent crystallised from Xylere in yellow
cluster of needles (0.2 g.), mop. 209-10
' Apalysis  :;Found- . : C, 7645 ; H, 4.8 4.
' C3352u05 jfequires : Gy 76.75 3 Hy 485 g.
‘ It showed 2 single spot 1nr TLC.
3,3’-Diacgtxl-h,&’.dihzdroggdighenzl sulfone
A mixture of 4,4’ -diacetozydiphenyl sulfore (5 g.)

and anhydrous aluminium chloride (10 g.) was heated in an
oil bath at 1#0-590 for § hr. The resction mixture was

decomposed with ice-cold hydrochloric acid and théxproducﬁ
| was taken up in sodium hydroxide solution. The product
obtained on acidification crystallised from acetic acid in
brown needles (1.5‘g,), HeDo 189—90?. Kulkarn16° who
prepared it by a different method. reported mape. 1899. it
gave red colouration with alcoholie'ferric chloride solution.
Analysis : Found 3 C, 57.59 3 H,'4.06 %o
Ci¢Hi0¢S  Tequires 3 C, .57.50 3 H, 4.9 %.

Di;(2,h;dinitrophegzlhzdrazone) :

The above ketone was dissolved in aicohol and
a solution of 2,4.dinitrophenylhydrazine in alcohol was
addad: The separated product was filtered and crystallised
from diphenyl ether in orange needles, m.p.‘306-07°.
Analysis : Found : N, 16.60 %o
CoaH2aNg0s 28 requires : N, 16.1% .
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\ The dimethyl ether s

A mixture of 3,3’.diacetyl.k,4’.dihydroxydiphenyl
sulfoné: (1 g.), dimethyl sulfate (2 ml.) and anhydrous

potassi\m‘carbonate (5 g.) in dry acetone was refluxed for
12 hr, The solid obtaired on removal of acetore and adding
water crystallised from alcohol in white shining plates
(0.8 .), m.ps 179 e

Analysis ': Found : C, 59.87 ‘; ﬁ, 4.89 4.
'C1gH1g0¢8  requires : Q, i59:.68 5 Hy, 4.97 2Z.

3,3)-Dicarboxy.lt )+’ dime thoXydiphenyl sulfome s

, A mixture of the above dimethyl ether (0;5 gs),
po{:assium permanganate (2 g.) and potassium hydrbxide ‘'solution
(20 ml. 3 10 9;5 was refluxed for 6 hr. More of potassium
i;ermanganate (1 g.i was added in small quantity at regular
intervals., The reaction mixture .was filtered and the
filtrate was decolourised by adding sodium sulfite solution.
The clear alkaline solution was acidified with hydrochloric
acid. The separated product was purified by extraction with
sodium bicarbonate and crystallised from alcohc;lg ¥.pe 252°.
( decomp .); Yield O0+2 go Mixed me.p. with 2 sampié prepared
éccording to Kolhatkar and Bokﬂ."t was not ’depressed‘.

Condensation of 3,3’.diacetyl. k4’ dihvaroxydiphenyl sulfone
with bepzaldehyde : Bi-(6’-hydroxy.3’.chalconyl)sulfope :
A mixture of 3,é,’.diacetyl.u,h’.dihydroxydiphenyl
sulfone (1 g.), benzaldehyde (2.5 g.) anci potassium hydroxide
(5 8. in 5 ml, water) in alcoizol' (30 m1.) was kept at room
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tempsrature for 24 hr¢ The solutipn turned dark red ‘m
colour. Some ice.cold water was added and the Sélution was
acidified with hydrochloric acid. The separated solid was
filtered and washed with sodium bicarbonate éolutibn; The
re sidu;a crystallised from acetic acide. M.p. 208-100.
Yield 0.5 go |

Analysis : Found s Cy 7053 5 H, 4.3% 4.
C3gllz20g8 - requires : C, 70.60 3 H, 431 4.
© 7 It did not give any colouration with alcoholie

Pyobably |
ferric chloridelaue to very low solubility in aleohol. It

gave a positive Wilson test and a deep red eolouration with

conc. sulfuric acid. It showed a single Spot in TIC.

Bu.ﬁ%.ﬁ&ﬂw

- The above chaleone (0.) g.) was refluxed with
anhydrous potassium carbonate (2 g.) and dimethyl sulfate
(1 ml.,) in dry acetone solutioh on a steam bath for 15 hr. -
The solvent was removed and the reaction mixture was treated
with water. The solici obtained crystallised from acetic acid
in pale yellow shining plates (0.3 )y Meps 175..770‘
Analysis ; Found - : C, 71.03 ; H, %.75 £.
| ' H, 4.83 4.

e

C32H 24068 z;aquires : C, 71.36

B 1..( 6..flavoqxl) sulfone H
Bi-(6’.hydroxy..3’-chalcomrl) sulfons (0 5 g.) was
refluxed with selenium dioxide (3 g4) in iso,amyl alecohol

(50 ml.) in an oil bath for 25 hr. It was filtered hot

and cooled. Excess petroleum ether was added to the filtrate
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and the separated product was washed with sodium hydroxide
solution. Alkali~insoluble product crystallised from acetic
acide Meps 324.26°. Y161d 0.1 g. It gave & light blue
fluorescence with cone. sulfuric acid. ~
Analysis s Found s C, 71.53
C3Hig0¢8  requires s C, 7:.13

Hy 340 2.

Hy 3.56 4.

Attempted Pechmann condensation of kb’ .dihydroxydiphenyl

sulfone with ‘etgzl acetoace‘tate' : | |
A mf@.iture of #,4{ -~dihydroxydiphenyl sulfons (1 g;) ,

-

~Be

!

ethyl acetoacetste (2 ml.) and sulfuric seid (10 mi. s 80 %)
was kept at room terhperatpre for 48 hr, It was then poured
on ice and the separated paste was treated. with sodium
hydroxidé sbiution. It was completely soluble, Thé product
obtained on ac idification gf . . the clear alkalire solution
was found to be the original lf,l’c-’.dihydrngy‘diphenyl sulfore .

4 lf’.Dihydroxydiphenyl sulfone was recovered .

unchanged when phOSphorus pentoxide or almininm chloride

was used.as the condansing agent at steambath temperature.

Attemp_ted condensation of 3,3 -diacetyl.l, k’-dih.vdr ;x,zdighenz__

ulfone with diethyl carbonate
A mixture of 3,3’-d1acety1.1+ u’-dinydrowdipnenwl

sulfone (1 g.), diethyl carbonate ‘(15 ml.) and pulverised
sodium (2 g.) was heated in an oil bath &t 140° for 15 hr.

!

The ,l‘e'acticnl mixture was then poured over crushed ice. Excess



diethyl carbonate was removed byvefher extraction. The

produet obtained on acidi:’fication of the clear alka]l.iﬁe

solution’w;s erystallised from acetic acid, The mixed
m.p. with 3,3 ’-diacetyl.*i- ‘b’-dihydraxydiphanyl sulfone

~

was not depre ssed,

30
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