CHAPTER IV

_SOME STUDIES ON ’-I-,li-.'.DIHYDROXY DIPHENYL ETHER
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Some studies on 4lt.dihydroxy diphenyl ether :

Phenols are very reactive substances and they
undgrgo a large number of re,ctions to give products of
industrial, agricultural,medicinal ard other importance.
They are also the starting materials for the synthesis of
different types of oxygen heterocycles. Extensive studies
haye therefore been made on these substances. The studies
on biphenols,dihydroxy derivatives of diphenyl methane,
diphenyl sulphone an@ diphenyl ether are meagre. Biflavopyls
and bicoumarinyls have :_-r been found in nature in recent
years and this has also increased Our interest in the studies
on diphenyl derivatives.

. Some work has been done in our laboratories on
the electrophillic substitution in noncondensed rings. A
few synthesfs of oxygen heterocycles from hydroxy derivitives -
of diphenyl,benzophenone,diphenylmethane and diphenyl
sulphone have also been carriaed out. No work hggfﬁgih done
on building up of q-and y.pyrone or furan rings on suitable
hydroxy derivatives of diphenyl sther. Inthie’ present work
biehromonyl,bicoumarinyl and bifuranyl ethers have been
synthesised.
Biflavonyls : The only bichromonyls found in nature so far
arg the bifiavonyls. Seéveral natural biflsvonyls have been
isolated durin%?%ast few years gnd their structureshave been
established by degradation methods and spectral data such as

i
ultra.violet gnd infra.red spectra.Sotetsuflavonev(I),

2 39 5
Kayaflayone (II),Ginkgetin® (III),isoginkgetin (IV) and
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6
Sciadopitysin (V) aré some of the important biflavonyl

derivatives,isélated from plants.

Sotetsuflavone I H

K?yaflawone 1T H CH,y
Ginkgetin IIT CHs CHjy
Isoginkgetin Iv H CHgy

Sciadopitysin V CHjy CHj3

CHj

7
Hinokiflayone (VI) isolated from the legyes of

e ti;elf .

éryptomeria Jjaponica has been shewn to be a biflavonyl

Several symmetrical biflavonyls have been

synthesised by the Ullmann reaction on bromo or iodo

. 8 ’
flayones. Thus, Chen and Liu synthesised 3,3-biflavonyl
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by the Ullmann reaction on 3.bromoflavone..Other symmefricalk
biflavonyls have also been synthesised through the Ullmann
reaction on the appr0priate halogenoflavones and on methoxy
lodofilavones by Chen et al ‘. Jurdr{ synthesised 7,7"- d
dimethoxy-B,B ’biflavonyl and 7,7 :%,km tetramethoxy.8,8"-
bifiavonyl from the corresponding 8.iodoflavones by Ullmann
regation. Demethylation of {the above methoxy biflavonyls }
with aluminium chloride in boiling benzene gave the
corresponding hydroxy biflavonyls. Symmetrical biflavonyls
have also been synthesised from 7-methoxy-8-iodof1avone and
7.méthoxy-é-iodo-3-benzoyl flavone by Shahiz in this
laboratory. Ginkgetin has been synthesised by Nakazawa and
Ito~ by the epossed Ullmenn regction between 3-iodo-5_
benzoyloxy-4 7-dimethoxyflavone and 5-benzovloxy-8-1odo-
4,7-dibenzyloxyflavone in the presence of activated copper
powdef and subsequent hydrolysis with 10 % sulphuriec acid

in acetic acid.

HGOCO
1. Cu

2. Hychalysis




ih- Lo P . .
Mathai and Sethna-- used a different appreach for o

LI “Teog »h*"’/

the synthesis of symmetrical biflavonyls. They prepared ”N //
3,3 -and 6 6 .blflavonyls by the simultaneous cycllsatio%(ﬁ
and dehydrogenation of the bichalkonyl derivatives(A) auck (&)
prepared from the condensation of 2,2: and h,hldimethoxy-
3,3:diformy1 diphenyls with 2.hydroxy acetophenone and .
from the condensation of 4,#1dihydréxy-3,3ldiacety1 diphenyl
with benzaldehyde respectively. |

OCHy
OCH3
O CH=CH*§
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Sethna and ‘his co’w:)rk:ers~'r1'-5’»l’6 extended this work.
Balani gpd Sethnai? prepared bi-(6.flayonyl)ketone(VII) and
bi(6 methoxy-3.flavonyl) ketone(VIII) by cyclising the
éorr33ponding biehalkonyl derivafives. Prajapati and
Sethnaie prepared bi(6-flavonyl)methane (IX) from 3,3:diacetyl_
4,4 _dihydroxy diphenyl methane.

X

Bieoumaprinyls : Several symmetrical bicoumarinyls have also

- ig
been synthesised. Dyson-~ synthesised 3,3lbicoumariny1 by

heating salieylaldehyde with sodium succinate and aceticr
anhydride.

20
Huebner and Link reported the formation of



193
3,3:bicoumarinyl derivative (X) from 3.bromo.l.methoxy-

counarin.

K ’
) Lele et al. -- have synthesised 8,8-bicoumarinyl
- 9
derivatives (XI a2, XI b and XII a and XII b) and 3,3~
bicoumarinyl derivatives (XIII a and XIII b) by the Ullmann

reaction on igdocoumarins.

x i Gy R=CHg
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Sen and Dm-tt22 obtafined 6,6:bicoumariny1 by the action
of acetic anhydride and sodium acetate on k& Lr:dihydroxy-
dipheny1-3,3—dialdehyde. Harle and Lyon523 obtained tetra.
hydr0—4,4-bicoumariny1 as one of the products in the
reduction of coumarin using zinc and acetile acid. .-
Prajapati and E‘:e‘c,h:rxa.i8 synthesised bi(4.methyl.b.

(XWVa
coumarinylymethane by the condensation of 4 Lr..dihydro:vzy

diphenylmethane wiih ethyl acetoacetate and bi(6é-coumarinyl)
methane (XIV b) by Perkin agcetylation of 3 3.’.d:’¢.formyl-’+.’+: ‘
dihydroxymdiphenylmethane, They also prepared bi(4.hydroxy.
6.-coumal‘inyl)msthaxgei%f;)condensing 3 3-d1acety1-4 1+..dd.h:;rdrcmr

diphenyl methane with ethyl carbonate and pulverised sodium.

o Fe o %IVa R = CH,
,O CH / > wa”R = H
R R XIVe R = OH

Recently some unsymmetrical bicoumarinyls have been
isolated from plants.. Thus Mihashi et al,z-u *® have isolated
6,8.’.bicoumarim;1 derivati‘ve and named it Matsukaze lactone
¢Xva) « Spencer et al. have 1solated 7,7-dihydroxy-6 8..
bicoumarinyl(bicoumol) (XVb) from ladino clover.,

oy B = Cig
hy R =H
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Dey and Row- synthesised several 4,3-bicoumarinyls

through the condensation of coumarin.+.acetic ester with
various salicylaldehydes under the conditions of Perkin
and Knoevenagel regetions. 7.Ch10ro-h,3:bicoumarinyl has
been synthesised b& Thakarze by the condensation of
7-chlorocoumarin.t.acetic acid with salicylaldehyde in the
presence of piperidine. A

Jainamma and sethna29 synthesisgd 3,6:bicoumarinyi
(EVI) by Perkin acetylation of 3-(4_hydroxy.3-formylphenyl)

coumarin,

XV

Dibenzofuranyls : There are very few references in the
literature on the,synthes;s of ﬂibenzofuranyls; Mathai and
Sethna3° synthesised 3,3:dimethyl-5,SZbibenzofu?anyl (XViI).
by the condensation of 3,3 discetyl.k,k.dihydroxy diphenyl
with ethyl bromoacetate in the presernce of anhydrous potassium
carbonate in dry acetone. 3,3:Diacetyl-h,hzdiaj.ethylacetate)
diphenyl obtained on hydro;ysis with aleoholic sodium hydroxide
yielded the corresponding acid which on refluxing with fused
sodium acetate and acetic!anhydride provided the 3,3:dimethy1-
5,5:bibenzofuranyl.
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: COCH3
Briacooghg
OcRlome | }41&3?:
O COCH'S

OCY,CO0CNY

At cohdlic
Nad}

CHyCOOH
~COCH;

Through a similar sequence of resctions 5,5.’.d1(3..
methyl benzofuranyl)ketope (XVIII) was synthesised from L
3,3:diacety1-lz-,l+:dihydroxy benzoﬁhenone by Balani and
Sethnasi. Similarly bi(3-methyl.-5.benzofuranyl)methane and
bi(5.benzofuranyl)methane ( XTHa2andrXdXb) were synthesised
from 3,3 diacetyl-t,k dihydroxy diphenyl methane and 3,3.

' )
diformyl.k,4-dihydroxy diphenyl methene by Prajapati and
18 °
Sethna--,
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Present work : )

In continunation of the work going on in these
laboratories on noncondensed rings: some studies have been
made on 4,Hldihydroxy diphenyl ether.

h,h:Dihydroxy diphenyl ether has been prepared in
the present work by the condensation of ﬁ.bromoanisole3QWItm
p-methoxy phenol33 in the presence of copper bronzeand
potassium hydroxide (80 ) and subsequent demethylation of
the product obtained;

3,3:Diacety1-4,h:dihydroxy diphenyl ether regquired
as an intermediate for the synthesis of various oxygen
heterocycles was prepared as follows :

L #-Dihydroxy diphenyl ether (¥X) was acetylated -
with acetic anhydride and fused sodium acetate. The diacetoxy
derivative (XXI) when subjected to Fries rearrangement with
anhydrogs aiuminium chloride ggve the 3,3:diacety1-4,4:
dihydroxy .diphenyl ether (XXII). It was soluble in alkali

and gave & violet colour with alcoholic ferric chloride.

H H (co)o  HEOCO 2N OCOCH;
CngQGQNe( s
O
XX AKX
K//ﬁgi;»uﬁnqhon
I—ECOC_ coC HS

XX
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Synthesis of Bi(J.methyl.6-chromonyl)ether :

3,31D1acet&1nu,k:dihydroxy diphenyl ether was
condensed with ethyl acetate in the presence of pulverised
sodium; On working up the reaction, the product obtained
was found to be insoluble in alkall and did not give any
colouration with_alcoholic fexjrié chloride, It anglysed
for C,H;1,05 « Bi(2-methyl-6-chromonyl)ether (XXIII) structure
has been assigned to this product. It had undergone
simultaneous condensation and eyclisation.

I.R.spectrum showed a band at 1650 gm"

" (Y-pyronyl >C=0 group)

HOw =~ OH CHz QQAGHC H
] Nex
HLOCA COCHz

XX

Kostaneghi-Bobinson acetylation of 3,3 dlacetyl t il

dihydroxy diphenyl ether : Bi(2.methyl.-3_acetyl. 6.

chromonyl ) ether : ‘
3,3.Diacetyl-k k. dihydroxy diphenyl ether when

refluxed with acetic anhydride and fused soc;limn acetate at
170-800 in an oil bath for 10 hr; gave a product which was
insolubie in alkalil and it-did not give any colouration with
8lcohodic ferric chloride. It analysed for C,,H, g0gp»



159

Bi(2.methyl-3-acetyl-6-chromonyl) ether (XXIV) structure
has been assigned to this product. The déacetylation.with
alcoholie ﬁotassium hydroxide did not succeed.
I.R,spectrum showed two ban@s in the éarbonyl region
viz. 1650 cmf’(f-pyronyl $C=0 group) and 1680 cm '(acetyl

group at 3-position).

O CH
" ya. e\ceiyle&w 3C 3
HLoc coc% OCH3

KXV

Synthesis of Wi(6-chromonyl) ether :
Cyanoethylétion of phenols provides a good method

for the preparation of chromone derivagives, unsubstituted
in the heterocyclic ring. The intermediate g.phenoxy
" proplonitrile after hydrciysis can be cyclised to chrom3nones
using s suitable cyclising agent: such as anhydrous
hydrofluoric acid, conc,sulphuric s.id or polyphosphoric acid.
4,4 Dihydroxy diphenyl ether was condensed with
acrylonitrile in the presence of cupric oxide. 4,%:Dicyano-
ethoxy diphenyl ether (XXV) obtained on ac;d hydrolysis
gave the correSpondinglacid (XXVI) . The acid cyelised with
polyphosphoric agid to bi(6é.chromanonyl) ether (XXVIT)
Which on dehydrogenation with palladised charcoal In diphenyl
ether resulted in bi(6é-chromonyl)ether (XXVIII).
I ,R.showed a band at 1640 cmf‘(Y—p&ronyl >C =0 group).
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Come. HC

OCH,CHCOO0N

XXvi) ) KXV

XXV

Attem gted Pechmang condenSatlon of k. k. 4 dlhgdroxg
diphenyl ether with malic aeid and etnxl acetoacetate :

The condensation of 4,4 dihydroxy diphenyl ether

‘With malic g,id in the presence of conc.sulphuric acid was

k-4



tried but the original hydroxy diphenyl ether was obtggg;g
back, Attempt to condense h,hldihydroxy diphenyl ether with
ethyl acetoacetate in the presence of either conec, or 80 %
sulphuric acid 4id not succeed, It was also recovefed
unchanged when the condensation was tried in the presence
of aluminium chloride in nitrobenzene at 1390.

4, 4-Dihydroxy diphenyl ether also did not condense
with ethyl acetoacetate in bolling diphenyl ether,

t
Synthesis of bi{i4-hydroxy-6-coumarinyl) ether :

h,MLDihydroxyu3,3ldiacetyl diphenyl ether was
condensed with diethyl carbonate in the presence of
puiverised sodium according to the method of Boyd and
Robertson, The reaction mixture was heated for 8 hr, on a
steam bath. The product obtained gave the tests for a
hohydroxycoumarin derivative such as solubility in sodium
bicarbonate solution and ferriec chloride colouration.
Bi(hlhydroxyaé-coumarinyl)ether structure (XXIX) has been

assigned to this compound,

Kcoe O O ocng

KX X
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Synthesis of Bi(}-methyl-5-benzofuranyl)ether ¢

4 %4 Dihydroxy-3,3-diacetyl diphenyl ether was
condensed with ethyl bromoacetate in dry acetone\ in the
presence of anhydrous potassium carbonate . Removal of acetone

" afforded a product which was insoluble in alkalil .bc,lri
Dicarbethoxymethoxy-3,3Ldiacetyl diphenyl ether (XXX) thus
ocbtained was hydrolysed by kéeping it with 10 % sodium
hydroxide for 2% hr, to k,lbldicarboxymethoxya;3'-diacetyl'
diphenyl ether (XXXI), This acid on heating with sodium acetate
and acetic anhydride underwent eyclisation with simultuaneous
decarboxylation whieh resulted in bi(3-methyl-5-benzofuranyl)
ether (XXXII),

I.R.showed g band at 885 em !'(furan ring breathing)
UV Amax -(in chloroform) 258,290 nm,

OCH,COOR
N Brem,cce CM¢ RIOOCHLO 2
a i z
HLOC [eatene,haly ugoc cocg

™MeaadH
Ao POocugo OCHCO0H
Ac oMl
HSLOQ COCHg
AKXAKT

XXX
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Synthesis of bi(&~flavonyl)ether :

To the solution of 4,4-dihydroxy-3,3-diacetyl
diphenyl ether in pyridine was. added benzoyl chloride., The
resulting benzoyloxy derivative (XXXIII) was rearranged
to 14L,,l&-t-dihydrcm:,r»-3,3,'—di(benzoy‘.?.zaacetyl) diphenyl ether
(XXXIV) with pyridine and powdered potassium hydroxide,
The cyelisation of this &iketcne ether with conc.sulphuric
acid gave the bi(6-flgvonyl)ether XX XV), )

I.R.spectrum showed a band at 1645 cm |

(Y-pyronyl >C = 0 group).

: Shgeod HGOCO coCHg
o
s QADIE =G |
i -
ooy OCHg HEoc O oCH;

HXXX

‘?\/ ?\f(*}iﬂﬂ?.
#-
kaH

)‘lch]l/O / I ‘ C.Q/Y\L H 250&1
' NS chgoc 1coc COCHLOCHS

KKKV WKWV
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In order tb obtain 4,4:dihydroxy-3,31diformyi
diphenyl ether for the synthesis of other oxygen heterocycles
formylation of\h,h:dihydroxy diphenyl ether was attempted.

~

)
Chloromethylation g§_4‘%-dimethogz diphenyl ether :

As direct formylation met wiggqué&&ﬂhk Lt was
thought of interest to see whether tﬁewould be available
from the echloromethyl derivative or from a Mannich base
prepared from dihydroxy diphenyl ether by reacting it wikh
hexamine;

Chloromethylation of %,kzdihydroxy diphenyl ether
was attempted under different conditions using zine chloride
as a catalyst, but no pure chloromethyl derivative could be
isolated from the reaction mixture. However, when 4,4:
dﬁngthoxy diphenyl ether ; ..\ was subjected to
chloromethylation in acet;c acid, paraformaldehyde and zinc
chloride, an oily product was obtained from which the
dlchloromethyl derivative (XXXVI) could be obtained in &
poor yield. 3, 3-D1chloromethyl—% 4 dimethoxy diphenyl ether
structure has boen assigned to this product.Because of the

poor yileld its reaction with hexamine could not be studied.

HSC CHS HSC OCH3
HCHO+HCL ]
O Ct\#lC. 4P\

KXAKV!
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-7, Mannich reaction was tried witﬁ dimethyl
amine and paraformaldehyde,‘this resulted in the product
Which was soluble both in acid and in alkali. On the‘bases
of this and the analysis the product was assigned k,%i
dihydroxy-3,3.dimethylaminomethyl diphenyl ether (XXXVII)
structure. The yield in this case was also poor so no

further work could be done.

HO OH (QHS)‘NH
Pmmpemma) LCHs)’NI»l)Q CH,{N(CHg)).

RAXVII
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. | EXPERIMENTAL

|-

, Preparation of 4 4 dihydroxy diphenyl ether :

4 k:nihydroxy diphenyl ether was prepared by ine
Ullmann reaction between p.bromoanisol 32 and p.methoxy
. phenol 3. K
p-Bromoanisol was prepared by refluxing anisol
(15 ml.) with N.bromo succinimide (9 g.) Wwithout any solvent
for 16 hr. p-bromo anisol (3 ml.) b.p.220.22° was obtained.
p-Methoxyphenol was prepared by partisl methylation
of hydroquinone (50 g.) in 20 £ sodium hydroxide (4 g.) in
200 ml. of water) and dimethyl sulphate (20 ml.). The
Teaction mixture was shaken for 30 minutes. After cooling,
sodium hydroxide (SVg.) was added and the mixture heated
for 3/4 hr. 50 ml. of 10 % sodium hydroxide was added. Solid
dimethoxy derivative separated. It was filtered out ;nd the
regetion mixture extrgeted with ether which gave further
. Qimethoxy derivative. Aqueous layer on g,idification gave -
p-methoxyphenol which was extracted with benzene. wi.P 53" yidd 2% 8
A mixture of p.methoxyphengl (9 ge¢), p-bromo
anisol (10 ml.), potassium hydroxide (9 ml. 80 % )'and a
little coPper powder was heated at 200.10° for 6 hr. The
react ion mixture was extracted with hot benzene. Removal of
benzene gave l+.‘,’+:d:tmed;noxy,' diphenyl etheraqwhich cr;';rsta}.lised
from aleohol in fine plates, m.p.100-2°. Yiedd é g

Demethylation : The gbove dimethoxy derivative (5 g;)
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dissolved in benzend was heated in an oil bath 4t 180..900
for 2 hr. with anhydrous aluminium chloride (5 g.).
Decomposition with dilute hydrochloric acid resulted in
dihydroxy diphenyl ether. Ii\crystallised from tolﬁene,
map .160-61(1 This: was used for further work, Yidd 2 Vil

Synthesis of U,k diacetoxy diphenyl ether :

4 mixture of h,%ldihydroxy diphenyl ether (3 g.)
acetic aphydride (15 mi;) and sodium acetate (5 g.) was
refiluxed for 2 hr: The product obtained on pouring the
regetion mixture in cold water crystallised from alcohol

0
in needles (1.8 g.), msp.1l2 .

Analysis : Found s+ C, 67.03 3 H, 4.83 7.

Cieliy0s  requires : G, 67.18 ; H, %.89 #.

e

Fries rearrangement of h,h:diggetoxz diphenyl ether

An intimate mixture of %,M:diacetoxy diphenyl
ether (2 g;) and anhydrous aluminium chloride (5 g.) was
heated in an 0il byth at 11+0o for 3 hr. The reaction
mixture was decomposed with ice cold hydrochloric acid(l:1) 1
The separated product was taken in sodium hydroxide solution.
Acidification of the alkaline extract gave??ellow product,
which crystallised from benzene, m.p.lSSo;LYield 0.8 g+ It
gave a violet colour with élcoholic ferric chloride.
Apalysis : Found s C, 66;70 s H, %;66 %o
Gﬁéﬁxuog requires : G, 67.13 ; H, 4.89 4.



, : 168
Claisen condensation of b W-dihydroxy.3,J-diacetyl

with _gig\ i acctale

dlghenxl ether /\ Bigz.methx =6-chromonyl)ether :

A& mixture of l+,1+.dihydroxy-3,3-diacetyl diphenyl

ether (1.5 g.),ethyl acetate (15 ml.) and pulverised sodium
(2 g4 ‘was refluxed on a steam bath for 8 hr. The regction
mixture was cooled and a little alechol was added to decompose
unreacted sodium. It was then diluted with water and extracted
with ether, to vr~ws wnv2pn233 ket ona. Aeidification of the
alkaline solution resulted in & pasty mass, which was obtained
,inqsolid form by treating repeatedly with ether petroleum

and crystallisstion from benzene-petrol ether mixture. a"l['h'is
was foungjﬁensoluble in alkali and did not give any cclouration
witn alcoholic ferriec chloride, m.p.213 o Yield 0.2 g
Anajysis : Found : C, 71.97 ; Hy 3.86 %o

Caoﬁuos requires C, 71.86 3 H, 4,19 4.

.

msmkﬂwwmmwmw—
M:Q&cﬁﬂi.ﬁighwl gther : Bi(2.methyl-3-acetyl-
6=chromonyl) ether :

A mixture of 4,4 dihydroxy.3,3.diacetyl diphenyl
ether (1.5 g.), acetic anhydride (15 ml.) and fused sodium
dcetate (6 g.) was refluxed in an«oil bath for 10 hr. at
180-900. The reaction mixture was poured in ice cold water.
The separated solid ‘was filtered and washed with dilute
alkali. It crystallised from aleohol, m.p. 212 . Yield 0.6 g
. The product did not give any colouragtion with alcoholie
ferric chloride. |
Analysis : Found : C, 68.84
cng;gO, requires : C, 68.90

H, 4.70 «.
H, %.30 #.

~ae

e
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Attempted deagetylation :
. The above 3.’.acety1 derivative4(0.2'5 g+) was

rgfluxed with aleoholic potassium hydroxide (10 £ 310 ml.)
for 2 hr. The product obtained on - ‘dikulion’s . of the
regction mixture was erystallised from aleohol. M.P.210°.
Mixed m.p. witi'x the original 3:acety1 derivative was not

depressed.

b ]
Cyapoethylation of U lt-dihydroxy diphenyl ether :

’+,3+.’.Qi( b yanoethoxy)diphenyl ether :
9
A mixture of 4 4-dihydroxy diphenyl ether (2 g.)

acrylonitrile (5 ml.,) and cupric oxide (0.2kg.) was fefluxed
on a sand bath for 25 hr. The resction mixture was then

- treated with chloroform and sodium hydroxide. After filtering,
the chloroform layer was separated and washed with water: \
The solvent was evaﬁoréted and the product obtained was
crystallised from alcohol, m.p;102°. Yield 0.6 g«
Analysis ¢ Found : C, ‘70;31 s Hy 5.25 ; N}:é.Ol %o
CigHigON,  requires : C, 70.03 ; H, 5.19 5 N, 9.08 %.

e

\\
F

A mixture of li-,lh’.di( f -cyanoethoxy) diphenyl ether
(1 g+) was refluxed with cone ;hydrochloric ac1d(20 m1l.) for
4 hr, After 1 hr. the product started separatiné. The
reactién mixture was poured into water. The product obtained
was purifiedA by sodium bicarbonate treatment. The pure acid
obtained on geldifisation of the bicarbonate extract was
erystallised from aleohol. M.P.198°.
Analysis : Found ¢ C, 62.63 5 H, 4,83 ¢,
C?’33;307 requires : C, 62.79 ; H, 5.23 %.

i d
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LY
%

Cyclisation : Bi( 6-chromanonyl)ether :

The above dicarboxylic acid (0.5 g.) was heated
with polyphosphoric agid (20 g. P205 3 10 ml. o-phosphoric
acid) in an oil bath for 3 hr. at 1200. The regestion
mixture waé then poured into cnld:water. The product
separated was washed with bicarbonste solution and water.'
It erystallised from alcohol in yellow needles (0.2 g.),
) .1750 . - ) _ '

Analysis : Found : C, 69.#7 3 Hy %.77 2.
C, 69.68 ; H, 4.1 7.

.

Cy gHy 1,05 requires

gghzdrégenation: Bi(6-chromonyl) ether : ) '

A mixture of Bi(é-chrg;onyl)ether (9.25 gs) in
diphenyl ether and palladised charcoall(lo 4 0.2 go) Was
refluxed for 6 hr. the mixture was filtered hot. The product
obtained on cooling was filtered and washed with petroleum
ether and crystallised from alcchol. M.P.218°: Yield 0.1 ge
H, 3.48 Z.

CigHio05  requires : C, 70,60 ; H, 3.26'%.

Analysis : Found s C, 70,66

L 13

Attempted condensation of 4,4 dihydroxy diphenyl ether
with (1) malic aeid in the presence of sulphuric gcid
Li;j éthx; acetoacetate in the greéence of (a)sulphuric
acid_(b) snnydrous aluminium chloride (e) phosphorus
pentoxide and (d) in boiling diphenyl ether without
any condensiné agent :
(1) Condensation with malic id in the presence of sulphuric

agld :

A mixture of h,h:dihydroxy diphenyl ether (1 g.)
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malic acid (1 g.) a2nd concentrated sulphuric acid (3 ml.)

0
~ was heated at 120-30 until the effervescence ceased. The
solid separating on adding the reaction mixture to water
was found to be indentical with the original dihydroxy
derivative on direct comparison. It was soluble in dilute
alkali, .
(i1) (a) Copdensation with ethyl acetoacetate ip the presence

of sulphuric_acid : _
$
To 2 mixture of 4,t-dihydroxy diphenyl ether (1.5 g.)

and ethyl acetoacetate (20 ml.), sulphuric acid (6 ml. ;
80 4) was added slowly.AThe reaction mixture was left
overnight and then poured in ice cold water. The product

obtained was found to be the original compound.

(ii) (b) gondensation with ethyl acetoacetate in the

presence of anhydrous aluminium chloride :
3
The L4,4-dihydroxy diphenyl ether was recovered

unchgnged when a2 mixture of~h,h1dihydroxy diphenyl ether
(1 g.) and ethyl acetoscetate (2 ml;) was heated at

in nitrobenzene with anhydrous aluminium chloride (2 ge)
for 3 hr. The reaction mixture was added to *. - ice cold
hydrochloric agid and nitrobenzerne was removed by steam
distillation. The product ﬁbtained was found to be the
original k4. dihydroxy diphenyl ether.

(i1) (e) Condensation with ethyl acetoacetate in the

presence of phosphorus pentoxide :
3 ! L
A mixture of U4,4.dihydroxy diphenyl ether (1 g.)
and ethyl acetoacetate (2 ml.) in absolute alcohol(36 mls.)
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and phosphorus pentoxtde (3 g.) was heated on a steam bath
for 2 hr. The product obtained was found to be the original
dihydroxy diphenyl ether.

(11) (d) Condensation with ethyl acetoacetate in boiling
" diphenyl ether :

A solution of k,k:dihydroxy diphenyl ether(l g.)
in diphenyl ether (5 ml;) was refluxed with ethyl aceto-
acetate (2 ml.) for 3 hr, The product obtained on removal
of diphenyl ether was found to be an unworkable product

from which no pure product could be isolated.

' i ’
Condensation. of oy '&-dihzdrogz =3, j-diacetyl diphenyl
9
ether with diethyl carbopate : Bi(W.hydroxy.6-

coumarinyl) ether :

A mixture of l&»,li-:dihydroxy-},3:diacetyl diphenyl
ether (1.9 g.j, ethyl carbonate (20 ml.) and pulverised
sodium (2 g.) was heated on a steam bath for 10 hr. A 1little
alcohol was added to decompose the unreacted sodium followed
by cold water. It was extracted with ether. The aqueous layer
was acidified, The product obtained was taken in sodium
bicarbonate. The alkaline filtrate was acidified and the
product ;hus obtained was crystallised from alcohol, m.p.
302°(decomp o)

Apalysis : Found :C, 63;52 ; H, 2;88 /-
CigHy o0y requires :C, 63.92 3 H, 2.95 Z.
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1 b
Condgnsation of 4. t.dihydroxy-3,3-diacety] diphenyl
]
ethar with ethyl bromoacetats : &;&;Q;Lsézhgtngzzz
methoxy) -3,3-diacetyl diphenyl ether :

4 4 Dihydroxy-3,3-diacetyl diphenyl ether (1 g.)
was refluxed on a steam bath with ethyl bromoacetate(b.7 ml.)
in the presence of anhydrous potassium carbonate(5 g;) in
dry acetone for 5 hr. The acetone was then removed and
vater was added. The product obtained was washed with dilute
alkall and crystallised from alcohol in thin shining plates
(06 g4) o MoPo117 .
Analysis : Found : C, 62482 5 H, 5469 2.
C2uyH 2400 requires : C, 62.88 3 H, 5.67 %.

-

3 ]
4,4 Di(carboxyme thoxy) -3.3-dlacetyl diphenyl ether :

The above ester (1 g.) was kept overnight in
sodium hydroxide solution (20 ml. 3 104 ). The clear liquid
on acidification gave a pro&uct which was extracted with
sodium bicarbonate solution. The bicarbonate filtrate on
acidification gave the acid which crystallised from alecohol,
m.p.l?éo. Yield 0.6 g
Apnalysis : Found s C, 59;36 3 Hy, 4.86 %Z.

C, 59470 3 H, 447 7.

e

C2pH1 g0y requires

Bi(3-methyl_5_benzofuranyl)ether

The above acid (0.5 g.) was refluxed with freshly

fused sodium acetate (1 g.) and acetic anhydride (5 ml.)
on a wire gauze for 1 hr. The reaction mixture was then

boured in water. The separated solid was washed with sodium
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bicarbonate and crystallised from alcohol in thick
_needles (0,2 g,). M,P,78°, .
Anelysis : Found  : C, 77.80 3 H, 5.32 %.

CigHyuOg  requires : C, 77.71 3 H, 5,03 %.

h,kLDibenzoyloxya3,3;diacetyl diphenyl ether :

3,3LDiacety1~4,Hldihydroxy diphenyl ether(1.5 g.)
in pyridine and benzoyl chloride (2 ml,) mixture was kept
at room temperature fér 1 1/2 br., The reaction mixture was
treated with ice cold hydrochloric acid (1:1). The pasty
product obtained was treated with sodium bicarbonate
solution and boiling water. It was crystallised from
acetic acid, M,P, 127? ‘ ‘

Analysis : Found : C, 73,36 5 H, 4,66 %.
C30H2205 requires : C, 72.88 3 H, .45 %,

|
M,HLDihzgroxyh3.3—di(benzoylacetyl)diphenyl ether :

A solution of the above benzoyloxy derivative
(1.5 g.) in pyridine was mixed with powdered potassium
hydroxide (9 g.). After keeping the reaction mixture t
at room tempersture for 4 hr, ice cold dilute hydrochlorie
acid was added. The product obtained was purified by
taking in sodium hydroxide solution, Acidification gave
a yellow product, It crystallised from benzene,

O
M,P,163 , Yield 0.8 g.

*e

Analysis : Found ¢, 72,49 3 H, 4,35 %,

Cq0H2204 requires : C, 72,88 3 H, 4. 45 %,



" Cyelisation : Bi{6-flavonyl)ether :

The above 8-diketone derivative (0,5 g.) was
mixed with conc,sulphuric acid and the reaction mixture
was kept overnight. The product separating on pouring the
reaction mixture in water was insoluble in dilﬁte alkali
kand did not give any colour with Qlooho1ic ferric chloride,
It crystallised from acetic acid,dm,p.257o.

Cy 73.13 3 Hy 4.29 %,
C30H1305.2H20  requires : C, 72.88 3 H, 445 %,

hnalysis + Found

. '
Attempted formylation of 4,4-dihydroxy diphenyl ether :

( 1) Through a mixture of U4,%-dihydpoxy diphenyl
ether (2'g,) in dry ether (100 ml,), zinc cyanide (5 g,)
and aluminium chloride (1 g.),dry hydrogen chloride gas was
passed for 3 hr, On working up the rezction mixture after
keeping overnight, the product obtained was the original
dihydroxy diphenyl ether, _

(ii ) & mixture of 4,4Ldihydroxy diphenyl ether
(1 é.) dissolved in acetic acid and hexamine(3 g,) was
refluxed for 1/2 hr, and the ﬁéating was continued for
further 15 minutes after adding hydrochloric aeid(1:1)
(10 ml.). The product obtained on dilutioricwas an wnworkable

one and no<pure product eould -be obtained from it,

1 1
4, 4-Dimethoxy-3,3-dichloromethyl diphenyl ether :
Paraformaldehyde (0.3 g.) was treated in acetic

" acid(5 ml,)with dry hydrogen chloride gas at room temperature
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| until the solution became clear.-%,hlnihydroxy‘diphenyl

ether (0.8 g.) was then added and hydrogen chloride gas vas

passed for further dnhri Only polymeric product separated

out from the reéctionznixture from which no pure chloromethyl
derivative could be isolated. _

‘ When instead of 4,#:dihydroxy diphenyl ether,
4,%:dimethoxy diphenyl ether was added in the presence of
zinc chloride as a catalyst a pasty mass wgs'obtaiﬁed which
on warming with petroleum ether r;peaﬂedly gave a white
product but the yield was very poor. It crystallised from
ether petroleum. M.P.BSO.

Analysis : Found
| Cig¢Hy 0301, requires

C, 58.65 3 Hy k.54 ; C1, 21.59 4.

C, 58072 3y H’ l‘l‘.89 H Cl, 21‘72 %o

£ 1]

Mennich_reaction on M,Hldihydroxy diphenyl ether with

- . F] B
dimethyl amine : 'l 4-Dihydroxy.3,3odimethylaminomethyl
dibhenyl ether

Paraformaldehyde (0.2 g.) was dissolved in alcohol
(5 ml.) gontaining potassium hydroxide (0.1 g.) by gentle
Warming . pimethylamine (0.k g4) and k,k:dihydroxy diphenyl
ether (1 g.) dissolved in aleohol were added to the
reaction mixture which was refluxed for 1 hr. on a steam
bath. The product:separated was found to be solﬁble both
in dilute alkali and agcid, It crystallised from benzere.
petroleunm ether mixture. M.P.lééo. The yield was poor, )
Analysis : Found 3 C, 72.76
C2yH3 03N, requires : C, 72.73

H, 8.10 § N, 6.98 .

H, 8.08 H N, 700? %.

e
-

~he

-
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