CHAPTER TII

ULLMANN REACTION ON SOME TODOCOUMARINS ¢ SYNTHES IS
OF SOME BICOUMARINVL AND §-PHENYLCOUMARIN DERIVATIVES
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CHAPTER III

Dllmenn reaction on some lodocoumarins : Synthesis
of some bicoumarinyl and 8-phenylcoumarin derivatives

The reaction inwlving the removal of halogen atoms
from aromatiec halocompounds wlth the resulting unilon of two
carbon atoms, when accomplished by the use of copper bronze
has come to be known as the Ullmann reaction.

The synthesis devised by Ullmann is of general
applicability and has found wide use in the preparation of
many symmetrical and unsymmetrica%“biaryls which would
otherwise be difficult to obtain. Ullmann reactlon has been
reviewed by Fanta ( Chem. Revs., L19l+6, 38, 139 ).
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The success of the Ullmann reactlon 1s dependent

Blonze

upon the nature of the sromatic halide. It has been observed
that chlorine, bromine and iodine may be eliminated with
biaryl formation. Aromatic fluorine atom has not been
reported to be active in the Ullmann reaction. The order of
reactivity of halogens is I Br 7 ci. In general the latter
two substituents undergo reaction only when activating groups

are present in the aromatic nucleus.

.



Ullmann ( Ber., 1901, 34, 2174 ) observed that
eleétronegative gfoups in the ortho and para positions with
respect to the halogen atom activate the mvlecule. The
nitro group is the most effective activator. Thus ( I ) gave
in nitrobenzene 60 % yield of ( II), ( IV ) vas obtained in
60 % yield from ( III ) and ( VI ) wés obtained in 5% 3
vield from ( V );
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Ullmsnn ( 4nn., 190%, 332, 38 ) observed decrease
in yield of bilaryls when groups such as NH,, NHCOCH3;, COOH,
and OH are present in the aromatic mucleus, because they
glve rise to amination, decarboxylation, -or ether formaetion
as a side reaction. The amino groups must be protected by
-alkylation or acylation, the carboxyl group by esterification
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and the hydroxyl group ﬁby etherification.

Bulky suﬁstituents in positions adjacent to the
reactive halogen hinder biaryl formetion. Thus Ullmann
( loc. cit. ) obtained the biaryl derivative from 2,4,6-
trichloroiodobenzene in 52 % yleld but the yleld of the
blaryl derivative from 2,4%,6-trimethyl iodobenzens was poor.

The generalizatlons regarding the effect of
substituents on the Ullmenn reaction on derivative of benzene
may be applled to other aromatic compounds according:to the
usual concepts of aromatigity.

The Ullmann reaction has been applied with
considerable success to the synthesis of unsymmetricel ‘b:laryls.
In addition to a consideratlon of the previously dlscussed
conditions, the synthesls of an unsymmetrical biaryl requ}ires
the selection of an optimum ratio of the two component

starting materials.

RX + R'X' - »> RR + RR' + R'R

In the reaction of RX + R'X' if RX is more reactive
then RX would be completely used uﬂ in the formation of RR.
When the reaction 1s continued for 2 longer time or under
mre drastic condltions, R'X' reacts to give R'R'. The
symmetrical blaryls are thé olnly products of tﬁe 'reaction. In
such a case the formation of RR!' may be fawured by changing
either X or X' 1In the starting ‘materials so that aromatic
halides are of mre equal reactivity, gr example )Sadler and
Powell ( J. Am. Chem. Soc., 1934, 56, 265 ) obtained ( 4)

from ( B ) and ( B ) in 20 % yleld while Stewert and co-workers
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( J. Chem. Soc., 19%Ws, -71) obtained it in 68 4 yleld from
(C)and (D). In 'the latter case both the components are
of more nearly equal reactivity since the lower activity of
bromine as compared to lodine 1s compensated by the greater’
activation effect of the n:!.trto group as compared to the
carbalkoxyl group. )

COOGH, NO, COOCH; NG,
B, X =Br D, X=Bf A
c, x=1 E,X=1

The success of such a reaction also depends on the
feasibility of separating the deslred product from the
symmetrical blaryls. ‘This may be accomplished if the chemical
or the physical propertiés of the blaryls differ sufficlently.
Amother condition which fawurs the unsymmetrieal biaryl
formation 1s the presence of an excess of the less reactive
component. Rule and Smith ( J. Chem. Soc., 1937, 1096 ) studied
the reaction of picryll% chloride and iodobenzene and obtained
2,h,6-trinitrodiphenyl as the only detectable product.

NO

NOy 4
N02 Noz
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Several intramlecular Ullmann reactions have also
been reported in literature. Lothrop ( J. Am.lChem. Soc.,
1941, 63, 1187 3 1942, 6%, 1698 ) reported the synthesis of
blphenylene and several of 1its derivatives by the treatment

of appropriately substituted 2,2'=dihalogen biphenyls with

cuprous oxide,.
s 1 ?
X X ! >~ o

Cornforth end Robinson ( J. Chem. Soc., 1942,68% )
syntheslsed 2, 7-dimethoxy-92,10-dihydrophenanthrene in

\
/
£

intramlecular Ullmenn reaction on approprlately substituted
dlbenzyl derivative.

®; .

Cyclic products may also be obtained when
polyhalogenated compounds are subjected to the conditions of
Ullmann reactlon. Thus Scholl et al. ( Ber., 1910, 43, 2202.)
obtalned perylene from 1,8-diiodonaphfhalene.
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Experimental conditions -
‘ Copper bronzel has long been one of the mst commonly
employed forms of the meﬂ:a:!..t Brady and McHugh ( J. Chem. Soc.,
1923, 2047 ) successfully used freshly precipitated copper.
This was prepared by treatment of zinc dust with copper
sulphate solution followed by washing with alcohol and ether
and drying. Bowever, Ullmann ( loc. cit. ) and Schreiner
( J. Prekt. Chem., 1910, 81, 422 )observed that mechanically
pulverised copper 1s préferable to the chemically precipitated
copper. Kleiderer and Adems ( J. 4m. Chem. Soc., 1933, 59,
4219 ) recommended activation of copper bronze by treatment
wlth lodine 1in acetone followed by ﬁshing with hydrochloric
acid and acetone and drying in a desicecator. They state that
whereas ordinary copper bronze zt times gilves poor result;s
in the Ullmann reaction, this simple treatment ensures more
uniform results and frequently makes possible a2 more rapid
reactlion at lower temperature. |

A generous excess of copper 1s always used in the

. Ulimann reaction. Since the reaction 1s emthermic only a
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small portion of the copper i1s placed in the reaction mixture
at the outset, the remainder of the metal 1s added 1ln small
portions during the course of the reactlon. The tempersture
employed in the Ullmann reaction varies from 100 to 360°
depending upon the activity of the aromatic hollide. Reactlons
of the compounds containing the nitro group must mot be
carried out at a temperature exceeding 240° otherwise reduction
of the nitro group by the copper occurs. Usually bhe exothermic
reaction may be moderated by the use of 2 diluent. The

organic substances used for this purpose are nitrobenzene,
p-cymene, biphenyl, anthracene and diphenyl ether. Sand has
also been emplo&ed as dlluent. Mann and co-workers ( J. Chem.
Soc., 1940, 1379 ) reported improvement in yield when the
reaction was carrled out in an atmosphere of nitrogen. Copper
powder added to the reaction mixture rapldly settles to the
bottom of the reactlon vessel and must be stirred to expose

the active surface of the metal.

..........

Mechanism

i Rapson and Shuttleworth ( Nature, 1él;1, :_1_}»_"2,675 )
suggested the possibility of a frée redical mechanism for
this reaction However, in 211 cases in which the Ullmann
reaction has been carried out in the usual way, biaryl bond
formation was observed to occur only at the carbon atom
from which g reacetlive halogen atom had been displaced. Since
the existence of the free radical intermediate would be
expected often to lead to 2 variety of products, it cannot

Rowibls
be consldered a pla}siﬁe mechanism for the mormal reaction.

-
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Gilman and Straley ( Rec. trav. chim., 1936, 55,821 ) who
studied the preparation and reaction of orgamo copper
compounds pointed out that although R&u compounds are known
to undergo coupling to yield RR compounds it is mot known
whether the organo copper compound of this type is formed
as an lntermediate in the Ullmann reaction. An RpCu compound
has also been suggested as a possible Intermedlate in the
coupling reaction but there 1s no experimental evidence for
the exlstence of such a compound.

A possible mechanism of the reaction consists of two
conseq%‘itive steps ( 1 ) A nmucleophillic reaction of copper
with the aromatic halide to form an activated complex at the
metal surface. The occurrence of this step 1s governed largely
by the hature of the aromstic halide. ( 2 ) The reaction of
the activated complex with & second mlecule of aromatie
halide to form a blaryl molecule plus copper halide. This
reaction is governed to a greater extent by Steric effect.

Synthesis of bicoumarinyls and 8-phenylcoumsring

Very little work sppears to have been done on the
synthesls of bicoumarinyls. Dey and Row ( J. Indlan Chem.
Aath 00y 1)
Soc., 1924, 1, 107 ) prepared 1!-,3'-dicoumar1nylsl\by the
. condensation of various phemolle aldehydes with Y-coumarinyl

acetlec acids.

Sen and Dutta ( J. Indian Chem. Soc., 1931, 8, 223 )
obtained 6,6'-dicoumarinyl by the actlon of acetic anhydride
and sodium acetate on l,l'-dihydroxydiphenyl-3,3'-dialdehyde.

Huebener and Link ( J. Am. Chem. §oc., 1945, 67, ’99 ) reported
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~ o-hydroxyaldehydes with phenyl acétor_litrile in presence of (
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the formation of the blcoumarinyl derivative ifrl'om 3-bromo=l=
methoxycoumarin by Ullmann rezction, Harle and Lyons ( J.
Cheme SocCs, 1950, 1575 ) obtained tetrahydro-l,i'~-dicoumerinyl
as one of the. produets in the reduction of coumarin using zine
and acetic acid, )

Several phenylcoumerins are known, 3-phenylcoumarins

are known and have been prepared ( 1 ) by condesning

sodlum ethoxide ( Borsche and Streitberger, Ber., 1904, 37, .
3165 ) (2) by Meerweiln reaction by the condensation of a
coumarin with simple or substituted diaztised aniline. Meerwein
and co-workers ( J. Prakt. Chem., 1939, 152, 237 ) prepared
3-phenylecoumarin by the above method.

ﬁooef HC
£~ _ch, OHE

(3 ) By condensing o-formylacetonitrile and 1ts derivatives

with phemls such as resorclmol in presence of phosphorus
oxychloride ( Baker et al., J. Chem. Soc., 1931, 1541 ) and

( &) by heating o-hydroxy acetopherone with phenyl acetate

and acetie anhydride. Y-Phenylecoumerins have been obtained

by Pechmenn condensation of ethyl benzoylacetate with various

Qecdawamm  Omd ‘ym&\&w Boonsy 1553, 19 24149}

pherols in presence of sulphuric acid ( 80 %) Craner and

Windel ( Ber., 1956, 89, 35% ) obtained ethyl 6-phenylcoumerine.
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3-carboxylate by condensétion of 2.hydroxy-5-phenylbenzaldehyde
with diethyl malonate in presence of piﬁeridine. On hydrolysis
and decarboxylation it ylelded 6-phenylcoumarin. 8-Phenylcoumerins
have hitherto been unknown except for some 8-phenylsulphonyl-
coumarins prepared by the Fries migration of 7=coumarinyl
benzene sulphonate by Aleykutti and Baliah ( J. Indian Chem.
S0c.;1955, 32, 773 ). , ‘

As very 1little work has been done on the synthes:is
of blcoumarinyl and 8-phenylcoumarin derivatives it was
thought of interest to synthesise these from the lodocoumarins
described in @hgpter II by the Ullmann r‘:e\sff;’iton. Fur ther,
as 1s well known, diaryl.derivatives. withfé:!a.-aleas-t three ortho
substituents of sultable size as in ( 4 ) can be resoived into
optlcal ilsomers. It was therefore of interest to see if

blcoumarinyl derivatives such as ( B ) could be resolved into

ggtical isomers,

i

e —— s & o e e
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7.7'=Dimethoxv-8,8'~bicoumarinyl

7-Métﬁoxya8-iodoco£marin ( I) when treated with
copper bronze in boiling diphenyl efher gave a mixbure of two
produets, ( 4y m.p. 378° and ( B ) m.p. 118°. The product
[&:] ) s found to be identicel with 7-methoxycoumarin on
direct comparison. The product ( A ), sparingly soluble in
the common organic SOIVentsyhas been assigned the 7, 7'
dimethoxy-8,8' -bicoumarinyl structure ( II ), On damethylation
wlth hydriodic aceld in acetic anhydride 1t gave 7,7'-dihydroxyb
8,8'-bicoumarinyl ( III j), The resolutlon of this compound

could ﬁot be attempted because of the low yield of this compound

and very sparing solubility in organic solvents,

HO

HI

747" =Dimethoxy-6,6"'~dicarbomethoxy-8,8"'-bicoumsrinyl
Mathyl..7-metho xy«=8=10docoumarin-b=carboxylate ( IV )
in boiling diphenyl ether when treated wlth copper bronze

gave a product having m«p. 268° which has been assigned

e
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747" =dimethoxy=6,6'=dlicarbomethoxy=8,8'=bicoumarinyl ( V)
structure. Methylwf-metmxyeoumarin-é-éarbo:quate was
is0lated from the mother liquor.

On hydrolysis with aleoholie potassium hydroxide
solution ( V) gave thecorresponding 7,7'-dimethoxy=6,6'-
dicarbow;8,8'-bicoamarinyl ( VI ) which 6’n decarhoxylat:ion
vielded 7,7'~<iimathoxy-8,8'-i)icoumariny1 ( II ) described
earlier. A.ti';empts to prep:;re (=)brucine salt of the acid
( VI) to see if this zcid could be resolved into optical
isomers, did not succeed on account of the sparing

solubility of the acld in various organic solvents.

Hooc N
cH,0 o

CHyo00cC

Q CH3O
CHO cobber
] — KOH 10y,
CH30 o

'.Dimethoxy=-3,3'-bicoumarinyl
| 7-%t1mxy-3-iodoco:imarin ( VII ) when heated with
copper bronze In boiling diphenyl ether gave a2 product me.p.
295° to which the 7,7'-dimethoxy-3,3'~bicoumarinyl ( VIII)
structure has been aséigned. 7-Metho;ycoumarin was isolated
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the
from Rnother liquor. On demethylation in acetiec anhydride with

hydriodic acidp( VIII j yielded 7,7'-d1hydroxy-3 3’
bicoumarinyl ( Xy,

o]
CHO Copp ev CHZO OCH;
P bxonze

yiil
H1
Ho O -° OH
L
' IX
-Dimetho -5 6'-dicarbometho ~'b:£eoumari

Methyl 7-methoxy-3-iodocoumarin-G-carboxylate (X)
when treated with copper bronze in boiling diphenyl ether
gave a product, m.p. 326°. 7,7'-Dimethoxy-6, 6‘-dicarbomethoxy-

3,3'-bleoumarinyl ( XI ) Yh?g*}o:gén assigned to this product.
Methﬂ-?-methoxyooumarin—6~carboxy1ate was also isolated as
the only other product from the reaction mixture. On
hydrolysis with aleoholic potassiun hydroxide solution
( XI 4 ) gave the corresponding acid ( XI P ) which on
decarbom'lation yielded 7,’7'-dimethoxy-3,3 -bicoumarinyl
( VIII ) described earlier.
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"Di -dica bomgthoxy-8 8'-bicouma in

Me'chyl 7-methoxy—8-iodocoumarin-3-~arboxy1ate ( XIII)
in boiling diphenyl ether when treated with copper bronza
gave a product, m.p. 322° vhich has been assigned 7,7'-
dimethoxy-3,3'-dicarbome%hoxy—B,B'-bicoumarinyl ( Xw l)
structure, Meéhyl 7-methoxycoumar§n-3-carboxy1a te was
1solated from the mother ligquor, On hydrolysis with
alcoholic potassium hydroxide solution ( XIV ) gave the
corresponding dicarboxylic acid ( XV ) 1;«lzt:f.clct on
decarboxylation ylelded 7,7‘-dimethoxy-8 8'-bieoumarinyl
( II ) described earlier.
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Xty

6,6' -Diggggo;z-f, 5'=bicoumarinyl

6-Méthoxy-5-iodoco§marin (XIII a ) vhen treated with
cepi)er bronze in boiling diphenyl e;thei' solutlon gave a product
Depe 292° which has been assigned the 6 6'-dimethoxy-‘5, 5=
bicoumarinyl ( XIV a ) structure. G-Bfethoxycoumarin was also
1solated from the reaction mixture., On demethylation it
vielded 6,6'-dihydroxy—S,S'-biooumrinyl (XVa),

') o CH"Q
= cobhey
e
(£
CHO - onze
CH0

xmg Xivg xvd
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545" «Dimothoxy+6,6'-dicarbomethoxy-8,8"'~bicoumarinyl

Metﬁyl«E—methoxy—B-:iodocoumarin-é-carbo’xylate
( XVI ) when treated with copper bronze in boiling diphenyl
ether gave a product m.p. 241-242° which has been assigned
the 5,5'-d1imethoxy=6,6'-dicarbomethoxy=-8,8'~blcoumarinyl
( XVII ) structure. Se;rch for other produc;ts in the
ériginal m ther liquor led to the isolation of only methyle
5=-matho xycounarineb-carboxylate.

I

o]
Copper
CH,00¢ ~ Ronze

OCH,

XVl

Synthesls of 8-phenylcoumarin derivatives

7-Metho xy-8-phenylcoumarin
7-Mathoxy-8-1odocoumarin ( I ) when heated with

10d0-benzene and copper bronze at 250—225? gave & mixture of
varlous products from which 7—metho:w-8-pﬁeny1wumrin

( XVIII ) was isolated by fractional crystallilsation., Other
products lsolated and identified were biphenyl and 7,7'=
dimethoxy-8,8'-bicoumarinyl ( II ) mentioned earlier. field
of the 8-pheny:1-ooumarin ( XVIII ) was very poor when

LY



diphenyl ether or nitrobenzene was used &s solvent.

1 I~

0
CH,0 0 CObper Bionze
_ + rodobenzene oo

CH,O

! XVviil

Mothyl - 7-me thoxy-8-phenylcoumarin.bm=carboxylate
Methyl~'7~methoxy-8-iédecoumarin-é—carboxylate ( Iv)

and lodobenzene in boiling nitrobenzene solution when
treated with copper bronze gave 2 mixture of various products
from which methyl 7-methoxy-8-phenylcoumarin-b=carboxylate

( XIX ) was isolated by frectional crystallisation. Other
products isolated and identifled were biphenyl and 7,7'=
dimethoxy-6,6'-dicarbomethoxy=8,8'-bicoumarinyl ( V) ‘
mentioned eariier. Yields of 8-ph;ny1wumarin esi‘.er ( XIX )

were poor when a solvent was not employed. On heatiné with
aleoholic potassium hydroxide solution ( XIX ) gave the
corresponding acid ( XX ) which on deca:;.'boiylation yielded
7-metmxy-8-phenyleéumarin ( XVIII ) described earlier.

O“

At 107

c O~y !
HO i copbel’ Bionze
e
CH?OC S - t+lodobenzene

v XIX XX
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Attemoted Ullmann reaction on methyl 7-methnxy-8-

iodocoumarin«boacetate

Methyl 7-methoxy<8-iodocoumarin-it=acetate was
subjected to Ullmsnn reaction with and without solvdnt, In
both the experiments 7-methoxy-'t-methyleoumarin was recovered.

o bicoumarinyl derivative was obtained.

Attemnted synthesis of bicoumarinyls from the

- monobromo depivatives of ( a ) 7,8-dimethoxveoumarin and

(b)) néghthaagszaaanyrogg

" As the lodinetion of 7s8-dihydroxycoumarin and
nephtha-1,2-0.pyrone did not succeed it was thought of
interest to see iIf the mono bromo derivatives of these
compounds would undergo Ullmann reaction to yield

bicoumarinyl derivatives.

(a) Neither 7,8-dihydroxycoumarin nor 7,8-dimethoxy-
coumarin has been previously brominated. On bromination with
one mole of bromine in acetie scid 7,8-dimethoxycoumarin gave
a mono bromo derivative ¢=E%%f= which gave a coumarilic
acid derivative on heating with alkali indicating that the
bromine atom had/entered the 3-position. 7,8-Dimethoxye3-
bromocoumarin ( XXII ) structure has therefore been assigned
to this product. When this was subjected to Ullmann reaction
with and without s?lvent no bicoumarinyl derivative was
' obtained. Only 7,8-dimethoxyeoumarin was recovered, The

bromine was eliminated in this reaction.

~
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(b) Naphtha-l,&a-pyrone has 2ls0o not been
previously brominated. On bromination with one mole of
bromine no pure product was obtained but with two moles of
bromine a monobromo product wes obtainéd which gave a
coumarilic acid derivative with alcoholic alkali. The monobromo
Compound is therefore assigned the 3'-bromo structure ( XXV )
and the coumarilic acid has therefore structure ( XXVI ),

When this was subjected to Ullmann reaction with
and without solveﬁt no bicoumarinyl derivative was obtalned.
Only original brom~naphtha«l,2-aupyrone was obtained. >

59

o ™~

XXy XXV , XXVI

With a view to see If 2 bromocoumarin with bromine
in the benzennid part, would undergo this reactlon or not, an
attempt was made to synthesise 7=-hydroxy-6-bromocoumarin by

the condensstion of LY-bromoresorcinol with malic acid in

3
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the presence of cqncaptraﬁed sulphuriec acld. The condensstion
however did not yield a pure product. It wss therefore
decided to carry out the Ullmamm reaction with the more
easlly accessible 7-methoxy-8-brom-l-methylcoumsrin which
was prepared as described in chapter VI (/P=190)), When thig
was subjected to Ullmann reiﬁti@n 7,7'=dimethoxy-bt, L1
dimethyl-S,B'-bicoumarinylAwas obtdined as seen by direct
comparisén with s specimen prepared according to Lele, Patel
and Sethna ( J. Chenm. Soc., 1961, 969-971 ).

The 8-bromo derivative 2lso underwent crossed
Ulimann resction with iodobenzene to give 7-methoxy-8a
phenyl-h-methylcbumari%i?zyéeen by direct comparison with

the product obtained by Lele et al, ( loc.cit. )

)
CH30 ‘ o (o} ‘
(o] 0
CHBO o CHaD o
s 2

XXvii XXVl

The molecular weights of the bicoumarinyl derivatives
could not be determined by the Rast method because of the sparing
.Solubility of the bicoumérinyl derivatives in camphor,

The yields of the bicoumarinyl derivatives ranged from
63 % for 747'=d1imethoxy-6,6'«carbome thoxy-8,8'-bicoumarinyl to |

16  for 7,7'-dimethoxy-6,6'-dicarbomethoxy;3;3‘~bicoumarinyl.



EXPERIMENTAL

Ullmann reaction on 7-methoxy-8-iodocoumarin ¢

7.7 .Dimethoxy=-8,8' ~blicoumarinyl

7-Me thoxy-8~iodocoumarin ( 3.02 g, § 0.01 mle )
dissolved in dry diphenyl ether ( 40 ml., ) was treated with
copper bronze { 1.8 g. § 0.03 mle ) and the mixture refluxed
on a wire gauze for 2 hours with an air condensor. The
reaction mixture was filtered while hot and the filtrate was
then cooled and diluted with petroleum ether { b.p. 60-80° )
with vigorous stirring. 4 mixture of various products was
obtained., It was dissolved in large amount of acetic acid and
refluxed with animal charcoal, The product which separated on
cooling crystallised from thé‘same solvent in shining thin
plates, m.p. 376°. Yield 0.8 g. It was sparingly soluble in
commn organic solvents such as alcohol, acetone, acetic acid,
benzene and ether.
, Analysis :

10.12 mg. of the substance geve 25,26 mg. of
carbon dioxide and 3.96 mg. of water.

Found : C =68,104% 5§ H=U44 7%,
4,10 7.

The product obtained on diluting the acetic acid

i

CaoHyu0¢ requires ¢ C = 68,60 7 ; H

solution and also on remval of diphenyl ether from the
original mother liquor by steam distillation was found on

direct comparisjon to be 7-methoxycoumerin,



7.7'-Dihyvdroxu-8,8'-bicoumarinyl

The above bicoumsrinyl derivative ( 0.5 g. ) was
heated in acetic anhydride ( 8 ml. ) solution with hydriodic
acid ( 8 ml. d. 1.7 ) in an oil bath at 130-14%0% for 2 hours.
The reaction mixture was then cooled and poured in ice cold
sodium bisulphite solution., The product obtained weas purified
through dilute sodium hydroxide solution. It came down from
acetic acid as an arorphous powder, m.é. 3909,

Analysis ¢

10.18 mg. of the substance gave 24, 9% mg. of
carbon dioxide and 2,94 mg. of water.

Founmd : C = 66,0 9
Ci8H14056 requires ¢ C = 67,10 4 ;

= 3.20 Z.
3310 %o

-in @
l

4

The product readily dissolved in sodium hydroxide
solution., Neither alkaline solution nor the sulphuric acid
solution of the product showed any fluorescence. Its alcololic
solution did mot give any colouration with alcoholic ferric

chloride.

Ullmann reaction on methyl-7-methoxy-8-iodocoumarin-

b-coarboxylate ¢ 7,7'-Dimethnoxyv-6,6'-dicarbome thoxy-8,8"-

bicoumarinyl

Methyl. f-me thoxy-8-iodocoumarin-b-carhoxylate
( 3.6 g. § 0,01 mole ) dissolved in dry diphenyl ether ( 40 ml. )
was treated with copper bronze ( 1.8 g. § 0.03 mole ) and the
mixture refluxed with an alr: condenser on & wire gauze for
3 hours. The reaction mixture on working up as before gave a

product which on repeated crystallisation from acetic acid

-



( charcoal ) gave thin giates, m.p. 268°, Yield 1.1 g.
Analysis ¢
10,4 mg, of the substance gave 23.50 mg. of
caron dioxide and 3.09 mg. of water.

Found 1 C = 61.70 4 § H

il

4.20 7.
3.0 %.

The product obtained on diluting the acetic acid

1

CanHyg0yo requires ¢ ¢ = 61,80 % § H

mother liquor and on removal of diphenyl ether from the
original mother liquor by steam distillation was found to be

me thyl . 7-me thoxycoumar in-6-carboxylate,

7,7'-Dimethoxy-6,6'-dicarboxy-8,8'-bhico umari\mrl

The above bicoumarinyl ester ( 0.5 g. ) was
refluxed with alcoholic potassium hydroxide solution ( 10 % §
20 ml. ) on a steam bath for 2 hours. The mixture was then
cooled, diluted with water and acidified with hydrochloric
acid. The separated product was purified through sodium
bicarbonate solution. It crystallised from acetic acid in
needles, m.p. 310° ( decomp. ).

dnalysis :

10,52 mg. of the substance gave 23.42 mg. of
carhon dim;cide and 3.42 mg., of water. -
60.80 %z 3 H = 3,60 %,
C22Hyu0410 requires * C = 60,30 2 § H = 3,20 %,

Found : C

it
i

The above acid ( 0.5 g. ) in gquinoline ( 10 ml. )
was refluxed on a sand bath with a small amunt of copper
powder for half an hom". The mixture was then f£iltered and

poured in dilube hydrochloric acid. The separated product was
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vashed with sodium bicarbonate solution to remve unreacted

acid and then crystalliéed from glacial acetic acid in thin
plates, m.p. 376°. Mixed m.p. with 7,7'-dimethoxy-8,8'-

bicoumarinyl described earlier, was not depressed.

7,7 '=Dimethoxv-3,3'-bicoumarinyl

7-Méthoxy;3-iodocoumarin ( 3.02 g. 5§ 0.01 mwle )

dissolved in dry divhenyl ether ( 30 ml. ) was treated with
copver bronze ( 1.80 g, § 0.03 mole ) and the mixture refluxed
with an &ir condenser on a wire gauze for 2 hours. The reaction
mixture on working up as before gavé a8 product which
crystallised from acetic aclid in thin yellow plates, m.v.
295°, Yield 0.5 g.

Analysis ¢

9,88 mg, of the substance gave 24,72 mg. of

carbon dioxide and 3.72 mg. of water.

L2

Found :C =68,30% 3% H=1420 2,
CooHyu0s requires ¢ C = 68,60 4 § H = 4,10 4,

7-Methoxycoumarin was recovered on diluting the
acetic acid filtprate and on steam distillation of the
diphenyl ether from the original mother liquor.

7+7'=Dihydroxy-3.3'=bicoumarinyl

The‘above bicoumarinyl ( 0.5 g. ) was heated with
acetic anhydride ( 8 mi. ) and hydriodic acid ( 8 ml. j
d. 1.7 ) in an oil bath at 132-1L40° for 2 hours. The product
obtained on pouring the reaction mixture in ice cold sodium
bisulphite solution was purified through sodium hydréxide

solution. It crystallised from a large amunt of acetic acid
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as yellow powder, M.D. > k00, It was véry sparingly soluble
in acetic acid, alcchol and acetore.

The product freely dissolved in sodium hydroxide
solution with deep yellow colour without any fluorescence,
With sulvhuric acid also it did not give any fluorescence.

Analysis ¢
8.24 mg, of the substance gave 20.32 mg, of
carbon dioxide and 2,58 mg. of water.
Found .2 C =67,304 3 H
C =67.104 3 H

)l

3.50 %.
3o10 %o

i
1}

CiH100¢ requires ¢

Ullmann reaction on methyl-7-methoxy-3-Iodocoumarin-

b-.carboxylate ¢ 7,7'-Dimethoxy-6,6'-dicarbomethoxy-3.3"'~

bleoumerinyl

lethyl.-metho xy;B- iodocoumarin-b-carboxylate

(1.8 g. § 0.005 mole ) dissolved in diphenyl ether
( 20 ml. ) wes treated with copper bronze {( 0.9 g, § 0.15
mle ) and the mixture was refluxed with an airié condenser
on a wire gauze for 3 hours. The reaction mixture on working
up as before gave a product which crystallised from acetic
acid in shining needles, m.p. 326°. Yield 0.3 g.

Apalysisg ¢

10,62 mg. of the substance gave 23.8% mg. of
carbon dioxide and %.08 mg. of water.
C=61.30 %35 H=14,230 2.
61.80 %2 § H =3.90 %.
On steaﬁ: distilling the diphenyl ether from the

¢
it
i

Found

se
i
H

Canli18040 requires ¢ G

mther liquor #hke methyl.V-methoxycoumerin-b-carboxylite was

obtained.



The above bicoumarinyl ester ( 0.5 g+ ) was refluxed
with aleoholic potassium hydroxide solution ( 10 % § 20 ml. )
on a steam bath for 2 hours. The product obtéined on
acidification was purified throagh sodium bicarbonate solution,
It crystallised from glacial acetic acid in ehining thin }
élgtes, m.ps 365° ( decomp. )

Anal&gig :

10,30 mg, of the substance gave 22.68 mg. of
carbon dioxlde and 3.24% mg. of water.

Found ¢ C=60,10% 35 H=23,9% %
Ca2Hyu0y1o requires s C = 60,30 % § H = 3.20 %,

JThe above acid ( 0.5 g ) in quinoline ( 5 ml. ) was
refluxed on a sand bath fér half an hour with a sﬁeck of copper
powder. The product obtained on working up as before
crystallised from acetic acid in thin plates, m;p. 2959, Mixed
mepo wWith 7,7’oﬁimethoxy~3 3’mbicoumariny1 dasemibed earlier

was not depresae&a

iodocoumarin-k-acetats
Methyl 7~meﬁhoxya8-iodocoumarinakaaceta§e ( 3.7% g. 3

0,01 mle ) dissolved in dry .diphenyl ether ( W0 ﬁla ) and
copper bronze ( 1.8 g« § 0.03 mole ) were refluxed on a wire
gauge for 2 hoﬁrse The reaction mixture was filtered while hot
and the filtrate was diluted with petroleum ether ( b.p. 60-80° ),
The separated paste was deéanted. This was non erystallisable,”

The mother liquor was &Steam distilled and the solution was

[
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<
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extracted with ether, On removal of ge;ther a pasty product was

284 obtained, This paste was dissolved In benzene and

chromatozraphed over alumina with petroleum ether { bep. 60-80° )

as eluent. The only product separated wes 7—methox§-h—methy1@’

coumarin ag seen by direct comparision with an authentie specimen,
(11) HMethyl 7-methoxy-8=iodo coumarinehfacetate

( 3.7% go 5 0.01 mle ) was mixed with copper bronze ( 1.8 g. }

0.03 mls ) and heated at 220° for 2 hours. The reaction

mixture was cooled and extracted with petroleum ether

( bepe 60<80° ) and th;n with benzene. On removal of benzene

a phaste was obtained vhich was chromatogz'apﬁ&over alumina.

The product obtained was 7;methoxyci+=methylo/c\>umarin as seen by

direct"comparis#on with an authentlec specimen.

J-carboxylate 3 7
bicoumarinyl

7

Methyl 7-methoxy-8<iodocoumarin=3-carboxylate ( 1.8 g. §

0.005 mle ) in diphenyl ether ( 10 ml. ) and copper broﬁzé

( 0.9 go § 0,015 mls ) were rei‘iuxéd for 3 hours. The produc;t

obtained on working up the reactlon mixture was purified from

acetic acid as yellowish white powder, m.p. 322°. Yield 0.1 g.
Analysis s 1

4,708 mg, of the substance gave 10.670 mg, of

carbon dioxide and 1.712 mgelof water.

C=61.85%3 H =407 %

61.80 % 3 H = 3.86 %.

The mother liquor on:steam distillation left 2 residue

Found

1

Cayly 8040 i'equires : C

which was found to be methyl 7-methoxycoumarine3-carboxylate.



The aﬁove bicoumarinyl ester ( 01 go ) wWas

hydrolysed with alcoholic potassium.hydfoxide solution ( 10 ml.;
10 Z ) by refluxing on a steam bath for 2 hours. The préduct
obtained on working up the reaction mixture as usual
erystallised from acetlc acid in small needles, m.p. 335%

Analysls
4,638 mg. of the substance gave 9.92% mg. of

o

carbon dioxide and 1.320 mg., of water.
58039 % ; H = 3018 %n
Ca2Hy 4010 Ha0 requires: C = 57,89 % 3 H = 3.50 %,

Found e C

The above acid ( 0.1 g¢ ) was refluxed with quinoline
and copper powder for half an hour. The product obtzined on
working up as usual crystallised from acetic acid. M.P. and
mixed melting point with 7,7'-dimethoxy-8,8'=bicoumarinyl
was 3780, )

o

thoxy=-5=iodocoumerin ¢ §,6'-

i
¢

Bimethoxy=5,5'<bicoumarinyl
' 6«Mgthoxy;5siodocoumarin ( 3.02 go § 0.01 mole ")
dissolved in dry diphenyl ether ( 20 ml. ) wes refluxed on a
wire gauze with copper bronze ( ie8 go $ 0.03 mle ) for 3
hours. The mixture was then filtered while hot and the
filtrate diluted with petroleum ether. ( b.p. 60-80° ) The
product which separated crystallised from acetic acid in thick
needles, mp. 292¢, Yield 0.5 g.

dnalysis ¢

10.28 mg. of the substance gave 25,70 mg. of
carbop dlioxlde and 3.78 mg. of water.



Found s O = 68321 % ; H= l‘l’oll %e
62°H1 wOs¢ J':‘equires g C = 68.60 2% H=1410 %

6=Methoxycoumerin was isoclated from the mother liquori.

A

6,6'=Dihydroxy=5,5'=bicoumarin

The’abOVe bicoumarfnyl ( 0.5 g ) was heated with
acetic anhydride ( 9 ml., ) and hy&riodic acld ( 9 ml. § do 1.7 )
in an oil bath at 130=14%0° for 2 hours. The product obtained
on pouring the reaction mixture in ¢0ld sodium bisulphite
solution wes purified through dilute sodium hydroxide solutlon.
It erystallised from acetic acid in needles, m.p. 395=396°,

The product freely dissolved in sodium hydroxide
solution with a yellow colour,

Analvsis ¢

9.86 mg, of the substance gave 2W4.36 mg, of
carbon aioxﬁée and 3.18 mg. of weter.
Found $ C=67.41% § H= 3,61 %,
CygHyo0s  requires : C = 67.10 % 3 H = 3,10 %,
o ‘ xy=8=iodocoumarin=

b=carboxviate s
bicoumarinyl
Methyl S5-methoxy~8=iodocoumarin-6=carboxylate

( 1.80 {i $ 0.005 mle ) dissolved in diphenyl ether ( 20 ml. )
ﬁas’gzéeeé with copper bronze-( 0.9 g. 3 0.015 mle )'ané the
nixture refluxed on a wire gauéé for 2 hours. The reaction
mixture on working up as before gave & product which on

repeated crystallisatio%éfrom‘éceﬁic acld gave colourless needles,

mope 2)'{'1@21'}209 Yi@ld 003 g@



Anslvysis ¢
8,66 mg. of the substance gave 19.66 mg. of

carbon dioxide and 3.24 mg. of weter,
C=6210%3H=420 %
C =61.80 % 5 H=3.9 %

L2

Found

(1]

CanHyglyg rTequires

The mother:liquors on working up as before gave

methyl S-methoxycourarin-&-carboxylate.

Crossed Ullmonny reaction between 7-methoxy-8=

¢ 7-Mathoxv-8~phenylcoumsrin

iodocoumarin and iodobenzene

An intimate mixture of 7-methoxy=8«ilodocoumarin
( 3.02 g § 0.01 mole ) lodobenzene ( 4%.12 g. § 0.02 mle )
and copper bronze ( % g. excess ) wes heated in an oil bath
at 220-225° under reflux for 3 hours. The mixture was then
cooled and extracted with petroleum ether ( 60- 80° ), The
product obtained from petroleunm ether was identifi'éd as
biphenyl. The reaction mixture wes then extracted several
Cimeg with benzene. The product obtained on removal of benzene
erystalllsed repestedly from alcohol in colourless shining
needles, mp. 128-130°, Yield 0.5 go

When the above reaction wes carried out with
nitrobenzene as solvent it gave an unworkable mess from which

no pure product could be isolated.

Anslysis ¢

10,32 mg. of the substance gave 28,58 mg, of
carbon dioxide and 4,52 mg. of weter.

12
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75.60 % 5 H
76,20 7 3 H

1

4.0 4.

Found t C.
G %.80 %.

i
1]

Cq6Hy 203 requires ¢
After removal of the 8-phenylcoumarin the reaction

mixture was extracted successlvely with acetic acid and with

diphenyl ether and 7,7'-dimethoxy-8,8'-bicoumarinyl was

obtained from these extracts.

(1) Attempted demethylation of 7-methoxy-8-phenylcoumarin
7-Methoxy-8-nhenyleoumarin ( 0.3 g. ) was heated

with acetic anhydride ( &+ ml. ) and hydriodic acid ( 4 ml. j

d. 1.7 ) in an oil bath at 130-14%0° for 2 hours. The reaction

mixture was cooled and poured in sodium bisulphite solution.

The separated product was treated with sodium hydroxide

solution, The product obtained on scidificstion did not give

a pure yproduct from any solvent.

(i) 7-Methoxy-8-phenylcoumerin ( 0.3 g. ) was intimately
nixed with powdered anhydrous aluminium chloride { 0.3 g. )
and the mixture heated in an oil bath at 120-130° for 2 hours.
The reaction mizture was treated then with dilute hydrochloric
acid ( 5 mL., ). The separated product could not be purified.

A product with considerable range in melting point was obtained.

Crossed Ullmann reaction between me thvl-7-me thoxy-

8~ iodocoumarin-b~carboxvlote and iodobehnzere ¢ lMethvl-7-

me thoxy-8-nhenylcoumarin-b-carboxyvlate -

Me thy] e thoxy-8-iodocoumar in-b~carboxylate
( 3.60 g. § 0,01 mole ) in dry nitrobenzerne ( 20 ml., ) was
treated with iodobenzene ( 4.12 g. § 0.02 mle ) and copper

bronze ( % g. excess ) and the reaction mixture was refluxed
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with an air condenser on.a wire gauze for 3 hours. The
reaction mixture was filtered while hot and the filtrate was
diluted with vetroleum ether ( bep. 60-80° ), The separated
product crystallised from acetic acid in heedles, m, D 268°,
Mixed m.p, with 7,7'-dinethoxy-6,6'-dicarbomethoxy-8,8'-
bicoumerinyl was not depressed. «

The 8-phenyl derivative was obtained on remval
of nitrobenzene from the mothe; liquor by steam distillation,
It crystallised from dilute alcohol in thin nesdles, m.p.
120-121°, Yield O.k4 g,

 Apalysig e
10,62 mg, of the substance gave 27,20 mg. of

carbon dloxide and 4,950 mg. of water.

Found : C = 69-90 % § H= L"-?O %o
C18H1 )4_05, rquires ¢t C = 69o70 % ; H= ""’95’0 %0

7=Ye thoxy-8-phenylcoumarin-b-carboxylic acid

The above coumarin ester ( 0.5 g. ) was refluxed
with aleoholic potassium hydroxide solution ( 10 % § 20 m., )
on a steam bath for 2 urs. The product obtained on
acidification was purified through sodium bicarbonate
solution. It crystallised from acetic acid in needles, m.p.
237-238° ( decomp, ).

' Analysis ¢
10.22 mg. of the substance gave 25.66 mg. of
carbon dioxide and 3.9% mg. of water.
68.50 % = L.30 4.
= 68,90 % 3 H = 4,10 4,

g

Founa s C
Cc

G1 7H1 205 I’equires :
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'The above acid ( 0.5 ge¢ ) in quinoline ( 5 ml. )
was heate&iin an oil bath‘at 215° with a speeck oficopper
powder, foé half an hour. The product obtained on working up
as usval efystallised from dilute alcohiol in needles, m.p.
128-130°, Mixed m.p. with 7-methoxy-8-phenyleoumarin

described earlier was not depressed.

iination of 7,8=dimg 1 ¢ 7,8-Dimethoxy=
3=bromo coumarin h
758-Dimethoxycoumarin ( 2.06 g. § 0,01 mle ) in

acetic acid ( 10 ml. ) was treated with bromine in acetic
acld ( 10 %2 é 0.8 go 5§ 0.01 mle ) with stirring for 2 hours.
The pécduct crystallised from alcohol in needles, mep. 1529,
Yield 1.2 g.
dnalysie ¢
:1:2@51{'2 mg. of the substance gave 8,308 mg. of
silver bromide, |

28.18 %,
28,0 %.

Found 2 Br

Cy3Hg0uBr  requires : Br

-~

The above bromocoumarin ( 0.3 g. ) was refluxed
with aleoholic potassium hydroxide solution ( 10 ml. ) on a
steam bath for 2 hours. The product obtainedlon acidifying
the solution was purified through sodium bicarbonete solution.
It crystallised from dilute aleohol in needles, mp. 200°,

Analysis ¢
b, 63k mg. of the substance gave 10.05% mg, of

P

carbon dioxide and 1.87% mg. of water.

4



Found  : € = 59.21 % 3 H = &,52 %,
G, 1H1005 I"equires e 0 = 5993“!‘6 70 H H= 14-.5'0 %e

coumarin

7,8-Dimethoxy=3-bromcoumarin ( 2.85 g. § 0.01 mole )
was dissolved in nitrobenzene ( 10 ml. ) &nd treated with
copper bronze ( 1.89 g. % 0.03.nole J end refluxed for 3
hours. The nitfobenzene was filtered and diluted with petroleum
ether when it gave a product vhich was found to be 7,8- |
dimethoxycoumarin. The mother liquor after removal of
petroleum ether was steam dlstllled when it yielded more
7, 8=-dimethoxycoumarin,

When the reaction was carried out by heating at 220°
for 3 hours with the same’ quentities but without nitrobenzene,

only 7,8-dimethoxycoumsrin was the isolable product.

nephtha-ls2-a=~pyrone :

Naphtha«ls2-a-pyrone ( 1.96 g, § 0.01 mle )in
acetic acid ( 8 ml. ) ¥as treated with bromine in acetic
acid ( 1.6 g. § 0.02 mle 5 10 % ). The solution was stirred
- for 3%h6uré and then diluted with water. The separated solid
crystallised from acetic acid in needles, m.p. 168=169°,
Yield 0.3 g. h

' Analysis s
14,820 mg. of the substance gave 10.100 mg, of

silver bromide.
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]

Found ¢ Br

Cy3H,0,Br requires : Br = 29.09 %

6,7=-Benzpeoumarilic acid ~
The above bmoma-naphthanl,zaaaﬁyrone (03 80 ) was
refluxed with aleoholic potassium hydroxide solution ( 20 ml. 3
10 4 ) for 2 hours on a stesm bath, The product obtaiﬁed on
working up the reaction mixture crystallised from dilute
alcohol in yellow needles, m.p. 168-170°,
Analysis ¢ B
%.210 mg. of the substance gave 11.328 mg. of
carbon dioxide and 1.hk34 mg. of water.
| C =343 % 3 H = 3.61 %
Cq3Hg03 requires s G = 73.48 % $ H = 3,77 %.

Found

e

Attempted Uiﬂén reaction on 3'-bromp-naphtha-12:2-0-
Ryrone |

3‘;Bfomo~n3§ﬁtha~1=aoaapyrone ( 1.37g. 3 0,005 mole )
was dissolvéa‘iﬁ‘diﬁhéﬁ&l’éﬁher'( 10 mla‘) and treated with
copper bronze ( D.95 g. § 0.015 mle ) and refluxed for 6 hr,
The diphenyl ether was filtered and diluted with petroleum
ether. Waes It gave gggariginal 3'=bromo naphtha-1l,2-c<pyrone.
The mother liquor aftsr removal of petroleum ether was steam
dlstilled when it yielded more aonriginal counarin,

When the sbove reaction was carried out by heating
at 240° for 5 hours with the same quantitles but without
diphenyl eXher, onlygggiginal 3'<brom=naphtha«-1,2=a=pyrone

was the isolable product.
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Ullmenn reaction on 7-methoxy-8-bromo-i-methyl~

coumarin ¢ 7,7'<Dimethoxy=l 4'-dimethyl-8,.8'-bicoumarinyl
7<Me tho xy=8=brom=temethylcovunsrin ( 2.6 g. §

0.01 mole ) dissolved in dry nitrobenzene ( 40 mle. ) was treated
with copper bronze ( 1.8 g. § 0.03 mole ) and the mixture
refluxed on 2 wire gauge f&r 3 hours. The reaction mixture
vas filtered hot and the filterate was diluted with .
petroleum ether ( 60.80° ) when a product separated =ad.
erystallised from‘acetib acid in needles, m.p. 358°, Yield
0.3 g. Mized melting point with 7,7'<dimethoxy-Y,4!-dimethyl-
8,8'-biecoumsrinyl prepared according to Lele, Patei and Sethna
{( J. Chem. Soc., 19613 969-971 ) was not depressed.

The mother liquor when diluted with water gave
. 7-methoxy-lk-methylcoumarin. This was also obtained when the

nitrobenzene was steam distilled.

rossed Ulimann reactlon between 7-me

Yeme thylecoumarin and iddobengzene ¢ Z=Methoxy-8-phenyl-l-

methylcoumarin
| 7-Me thoxy-8-bromo-t-methylcoumarin ( 2.6 g, ¢

0,01 mvle ), iodobenzene ( 4,12 g. § 0.02 mole ) and copper
WL To N

bronze ( 4 g excess ) was héatedﬁfn.an oil:bath at 220.230°
under reflux for 3 hours. The mixture was eooled and
‘extracted with petroleum ether ( &0«80° j. The product
obtained on removal of petroleum ether was found to be

diphenyl.



The reaction mixture was then extracted with
acetone. The product obtained on removal of acetone was
crystallised from acetlec acid and then from aleohol in
needles, m.p. 158°, Yield 0.3 g. Mixed melting point wilth
7=me tho xy=-8«phenyl-4-me thylcoumarin prepared according to
Lele, Patel and Sethna ( loc. clt. ) was not depressed.

Further extractlion of the reaction mixture
with acetlc acid gave 7,7'-dimethoxy-lt,'~dimethyl-8,81-

bicoumarinyl described above,



