CHAPTER TITT

ULLMANN REACTION ON SOME TODOCOUMARINS ¢ SYNTHESIS

OF SOME BICOUMARINYL AND 8.PHEKYICOUMARIN DERIVATIVES,




v CHAPTER TIIT

Ullmanh reaction on some lodocoumarins ¢ Synthesis

of some bicoumarinyl and 8-phenylcoumerin derivativss.

The reaction,‘involving the removal of halogen
atoms from aromatic halo compounds with the resulting union
of two carbon atoms, when accomplished by the use of copper
bronze, has come to be known as the Ullmann reaction. This
synthesis ié of general applicability~and has found wide use
in the preparation of many symmetrical and unsvmmetrical
blaryls. Ullmenn reaction has been reviewed by Fanta

( Chem. Revse 1946, 38, 139 ).
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It has been observed that chlorine, bromine and
lodine may be eliminated with blaryl formation. Aromstic
fluorine atom has never becn reported to be active in the
Ullmann reaction. The order of reactivity of the halogens
is I > Br » Cl. The latter two éubstituents undergo reaction
only when activating groups are present in the aromatic®
nucleus. Mascarelli ( Gazz. Chim. ital., 1938, 68, 33 3 C.A4A,,
1938, 32, 4565 ) studied the Ullmann reaction with a great
variéty of aromatic compounds and determined the amount of

activation required in order that Ullmann reaction may occur.
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Ullmann ( Ber.,<1901, 3%, 2174% ) observed that
electronegative groups in the ortho and para positions with
respect to the halogen atom activate the mplecule. The nitro
group iIs the mst effective activator.

Ullmann ( Ann., 190%, 332, 38 ) observed the
decrease in yield of biaryl when groups such as NH,, NHCOCHj,
COOH, and OH are present in the aromatic nucleus.This is
because they give rise to amination, decarboxylation or ether
formation as a side reaction., Therefore amino groups must be
protected by alkylation or by acylation, the carboxyl group
by esterification and the hydroxyl group by etherification.

Bulky substituents in positions adjacent to the
reactive halogen hinder biaryl formation. Thus Ullmann
( loc. eit. ) obtained the biaryl derivative from 2,4,6-
trichlorobenzene in 52 % yield but the yield of the biaryl
derivative from 2,4,6-trimethyliodobenzene was Ve;y poor,

The generalization regarding the effect of
substituents on the Ullmann reaction on derivatives of benzene
may be applied to other aromatic compounds according to the
usual concepts of aromaticity.

The Ullmann reaction has been applied with

considerable success to the synthesls of unsymmetrical biaryls.:

RX + R*X'~—=> RR + RR' + R'R!
In additlon to a consideration of the previously
discussed conditions, the synthesis of an unsymmetrical biaryl
requires the selection of an optimum ratio of the two comnonent

starting materials. If one component is mre react1Ve tnfn RX
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would be completely used mp in.tﬁe formation of RR. When the
resction is continued for a longer time or under more drastlc
‘conditions, R'X' reacts to give R'R'. The symmetrical blaryls
are the only ﬁroducts of the reacﬁion. In suech a case the
formation of RR' msy be favoured by changing either X or X'
in the starting materials so that apromatic halides are of
mre squal reactiviby for example Sadler and Powell

( 7. 4m. Chem. Soc., 1934, 56, 2650 ) obtained & from

( Band B ) in 20 4 yleld while Stewert et al. ( 7. Chem.
Soc., 1944, 71) obtained 1t in 68 % yleld from ( C and D).

In the latter case both the components are of equal reactlvity.

gooals " Nog.
B, X= By D, A=W
A ¢, %=1 B, =1

The success of such a reaction also depends on
the feasibility of separating the desired product from the
symmetrical bilaryls. This may be accomplished if the chemical
or the physical properties of the biaryl differ sufficiently.
Another condition which favours the unsymmetrical blaryl
formation 1s the presence of an excess of the less reactive
component. )

Several intramolecular Ullmann reactlons have also
been reported in the literature. Lothrop ( J. Am. Chem. Soc.,
1941, 63, 1187 5 1942, 64, 1698 ) reported the synthesis of

biphenylene and several of its derivatives by the treatment
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of appropriately substituted 2,2'-dihalogen biphenyls with

cuprous oxide.

O Cuprous oOxide X 7 \ ‘
X X S

Cycliec products may also be obtained when

/

\

polyhalogenated aromatic compounds are subjected to the
conditions of Ullmann reaction. Scholl et al. ( Ber., 1910,

L3, 2202 ) obtained perylene from 1,8-diiodonaphthalene.
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Experimental conditlons

Copper bronze has long been one of the most commnly
employed forms of the metal. Brady and McHugh ( J. Chem. Soc.,
1923, 20k ) successfully used freshly precipitated copper.
This was prepared by treatment of zinc dust with copper
sulphate solution. However, Ullmann ( loc.cit. ) and Schrelner
( J. prakt. Chem., 1910, 81, 422 ) observed that mechanically
pulverised copper is preferable to the chemically precipitated
copper. Kleiderer and Adams ( J. Am. Chem. Soc., 1933, 59,
4219 ) recommended activation of copper bronze by treatment
with iodine in acetone followed by washing with hydrochloric
acid and acetone. Generous excess of copper 1s always used

in the Ullmann reaction. Since the reaction is expthernmic
'
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only a small portion of the-copper is pléced in the reaction
mixture at the outset, the remainder of the metal is added

in small portions during the course of the reaction. The
temperature employed in the Ullmann reactlon verles from

100° to 360° depending upon the activity of the aromatic
halide. Reactions of compounds contalning the nitro group

must not be carried out at a temperature exceeding 2%0°
otherwise reduction of the nitro group by the copper occurse
The usually exothermlc reaction may be moderated by the use

of a diluent. The organic substances used for thls purpose

are nitrobenzene, p-cymene, biphenyl, anthracene and diphenyl
ether. Sand has also been employed as a diluent. Mann et al.

( J. Chem. Soc., 1940, 1379 ) reported improvement in yield
when the reaction was carried out in an atmosphere of nitrogen.
Copper vpowder added to the reaction mixture rapidly settles °
to the bottom of the reaction vessel and must be stirred to
expose the active surface of the metal.

Rapson and Shattleworth ( Mature, 1941, 1h7, 675 )
sugzested the possibility of a free radical mechanism for this
reaction. Gilman and Straley ( Rec¢. Trav. Chim., 1936, 59,

821 ) who studied the preparation and reactions gf’organo
copper compounds pointedrout that altivbugh Reu compounds are
known to undergo coupling to yield RR compounds it is nét
known whether the organo copper compound of this type is
formed as an intermediate in the Ullmann reaction. An RyCu
compound has 2lso been suggééted as a possible intermediate

in the coupling reaction but there is no experimental evidence
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for the existence of such a compound. A possible mechanism of
the reactlon envisages two steps. (1) A nucleophilic reaction
of copper with the aromatic halide to form an activated complex
at the metal surface. The occurence of this step is governed
largely by the nature of the aromatic halide. (2) The reaction
of the activated complex with a second molecule of the

aromatic halide to form a2 biaryl molecule plus copper halide.
This reaction is governed to a greater extent by steric effect.

Synthesis of bicoumarinyls.

Very 1ittle work appears to have been done on the
synthesis of bicoumarinyls. Dey and Bo%*( J. Indian Chemn.
Soc., 1924, 1, 107 ) prepared k4,3'-dicoumarinyls by the
condensation of various phenolic éldehydes with Y=coumarinyl
acetic acids. Sen and Dutta ( J. Indian Chem. Soc., 1931, §,
223 ) obtained 6,6';7dicoumariny1 by the action of acetic
anhydride and sodium acetate on 4, 4tedihydroxydiphenyl-3,3'-
dizldehyde. Huebner and Link reportéd the formation of the
bicoumarinyl derivative from 3-bromo—h—methoxycoumarin by the
Ullmann reaction. Lyons ( J. Chem. Soc., 1950, 1575 ) obtained
tetrahydro-l, 4t -dicoumarinyl as one of the products in the
reduction of cﬁumarin using zinc and acetic acid.

Several 3-phenylcoumarins are known and have been
prepared ! by condensing o-hydroxyaldehydes with phenyl
acetonitrile in presence of sodium ethoxide ( Borsche, éer.,
190%, 37, 3165 ) j by Meerweln reaction ( Seé Introduction
pe 30 ) 3 by condensing a-formylphenylacetonitrile and its
derivatives with phenols such as resorcinol in vresence of
phosphorus oxychloride ( Baker et al., J. Chem. Soc., 1931,

1541 ) and by heating o-hydroxyacetophemones with sodium
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phenylacetate and acetic anhydride. Y=Phenylcoumarins have
been obtained by Pechmann condensation of ethyl benzoyvlacetate
with various phemols in presence of swlphuric acid ( 80 % ).
Cramer and Windel ( Chem. Ber., 1956, 89, 354 ) obtained
ethyl-6_phenylcoumar§n-3—carboxylate by condensation of
2-hydroxy-5-phenylbenzaldehyde with diethyl malonate in presence
of piperidine. On hydrolysis and decarboxyletion it yielded
6-phenylcounarin. 8-Phenylcoumarins have hitherto been unknown
except for some 8-phenylsulphonylcoumerins prepared by the
Fries migration of 7-coumarinyl benzenesulphonates by Aleykutty
and Baliah ( J. Indian Chem. Soc., 1955, 32, 773 5

As very little work has been done on the synthesls
of bicoumarinyl and 8-phenylcoumarin derivatives it wa s
thought of interest to synthesis these from the iodocoumarins
described in Chapter II by the Ullmann reaction. ?urther, as
is well known,dlaryl derivatives with at least three ortho
substituents of suitable size as in (4) can be resolved into
optical isomers. It was therefore of interest to see if
bicoumarinyl derivatives such as {B) could be resolved into

optical isomers.
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. 7.7%.Dimethoxy-4, o dinethyl-8,8t=bicoumarinyl

7-Yetho xy-8-lodo-l-methyleounmarin ( I ) when treated

with copper bronze in boiling diphenyl ether gave a mixture
of two products, ( A ) m.p. 358° and {( B ) m.p. 159°. The
oroduct { B ) was found to be identical with Z-methoxy-l-
methylcoumarin on direct comparison. The product ( A ) vhich
was found to be sparingly soluble in all the solvents, hes
been assigned the structure ¢ 7,7'-dimethoxy-Y,4'-dinethyl-
8,8 =bicoumarinyl ( II ). Atﬁempté to estimate the molecular
weiéht of this compound by Rast’s method did not succeed as
the substaence was not soluble iﬁ camphor. The yield of the
bicoumarinyl derivative was very poor when the reactlon wes

carried out without any solvent. Activation of copper

Y

bronze with Iodine and acetone did mot improve the yields.

‘
.

On demethylation ( II ) gave 7,7'-dihydroxy-t,b'-dimethyl-

8,8'-bicounarinyl.
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717'-Dimethogyuhqh'~dimethv1-6.6'ndicarbomethoxv-

8.8!'=bicoumarinyl

Methyl=7-methoxy=8-iodo=4-methylcoumarin-6-
carboxylate ( IV ) when treated with copper bronze in boiling
diphenyl ether gave methyl=7-methoxy-t-methylcoumarin-b6=-
carboxylate and a product m.p. 250° which has been assigned
7,7'~dimethoxy-Yb,'-dimethyl-56,6'~dicarbomethoxy-8,8'-
bicoumarinyl (V) séructure. On hydrolysis with alcoholic
potassium hydroxide solution ( 10 Z ) the ester ( V) gave
the corresponding acid ¢ 7,7'-dimethoxy-b,U!-dimethyl-6,6"-
dicarboxy-8,8'-bicoumarinyl ( VI ) which oﬁ}decarboxylatﬂin
yielded 7,7'-éimethoxyuk,u'-dimethy1_8,8’«bicoumarinyl ( II)
descFibed earlier. Attempts to prepare the (=) brucine salt
of the acid ( VI ), tozsee if this could be resolved into
optical isomers, did not succeed on account of the 'sparing

solubility of the acid in various solvents.
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7.7V -Dimethoxv=b,4!'-dimethyl-3,3'=-bicoumarinyl

7-Methoxy-3- lodo-Y-me thyleoumarin ( VII ) when
heated with coppér bronze in boillng diphenyi ether gave
7-methoxy-t-methylcoumarin and a product m.p.268°.
7,7'~Dimethoxy-l,4' -dimethyl-3,3 = bicoumarinyl ( VIII )
strﬁcture has been assigned to this product. On demethylation
it yilelded 7,7’-dihydfgxy-h,4'-dimethy1-3,3’-bicoumarinyl
( X ). " |
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7,7'-Dimethoxy=-t, 4! -dimethyl.b,6'-dicarbomethoxy-

3.3'~bicoumariny1

Methyl-7-methoxy-3=iodo-temethylcoumarin-b6-
carboxylate ( X ) when treated with copper bronze in boiling
diphenyl ether gave methyl-7-methoxy-l-methylecoumarin-6-
carboxylate and another product m.p.292°, 7,7‘«Dimetho;y-4,4’-
dimethyl-6,6'-dicarbomethox ~3,3’~bicouﬁarinyi ( XI) structure
has been assigned to this producf. On hydrolysis with
alcoholic potassium hydroxide solution ( 10 % ) the

bicoumarinyl derivative ( XI ) gave the corresponding acid
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( XIT ) which on decarboxylation ylelded 7,7¢-dimethoxy-
4, 4t.dimethyl-3,3'=bicoumarinyl ( VIII ) mentioned earlier.
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5e 5t =Dimotho xy=l, ! =3 imethyl=8,8"-~bicounsrinyl

5-Méthoxy-8~iodo-hgmethylcoumarin ( XI1I ) when
treated with copper bronze in boiling nLtrobeDzene solution
gave 5~methoxy~h-methylcoumar1n and a product m/ltlng above
L0O°, 5,5%-dimethoxy=lt, 4 =dimethyl-8,8-bicoumerinyl ( XIV )

structure has been assigned to this product. Yield .of the
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bicoumarinyl derivative ( XIV ) was very poor when diphenyl
ether was used as solvent. On deﬁethylation ( XIV ) yielded

5,5'=dihydroxy~4,h'adimethy1-8,8'«bicoumariny1 ( XV).

5.5'-Dimethoxy-#.4'mdimethvl—é.6'-dicérbomethoxyh

8.,8'=bicoumarinyl

Methyl-5-methoxy-8-iodo-t-methylcounarin-6-
carboxylate ( XVI ) when treated with copper bronze in bolling
diphenyl ether gave methyl-5~methoxy-%-methylcoumarinié-
carboxylate and a product m.p.353°. 95,5'~Dimethoxy-b,U4' -
dimethylwé,6'~dicarbomethoxyu8,8’-bicouﬁarinyl ( XVII )Y
structure haé been assigned to tﬁis product. On hydrolysis
with alcoholic potassium hydroxide solution ( 10 Z ) it gave’
the corresponding acid ( XVIII ). On decarboxylation this
acid yielded 5,5'-dimethoxy-l,b'-dimethyl-8,8'-bicoumarinyl

{ XIV ) mentioned earlier.
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Synthesis of 8-phenylcoumarin derivatives.

7-Methoxy-8-phenyl-b-methylcoumarin

7=Methoxy=8«iodo~t-methylcoumarin ( I ) when heated
with iodobenzene and copper bronze ét 220° gave a mixture
of various products from which 7-methoxy-8-phenyl-k-
methylcoumgrin ( XIX 5‘was ignlated by fractional
crystallisstions. Other products isolated were biphenyl and
7,7'=dimethoxy-l, 4! dinethyl-8, 8" ~bicourarinyl ( II )mentioned
earlier. Yield of the 8-pheny1coﬁharin ( XIX ) was very poor
when a solvent ( diphenyl ether or nitrobenzene ) was used.
On demethylation,{ XIX ) gave 7-hydroxy-8~phenyl~4m‘

methylcoumarin ( XX ).

du: enzene
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Methyl-7-methoxy-8-phenyl-t-methylcoumarin-b-

carboxylate -

Methyl=7-methoxy-8-iodo-b-methylcounarin< b«
carboxylate ( IV ) and iodobengzene in boiling nitrobenzene
solution when treated with copper bronze gave a mixture of

various products from which methyl-7-methoxy=-8~-phenyl-l-
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methylcoumarin-6-carboxylate ( XXI ) was isolated by
fractionsl crystallisation. ther products lsolated were
biphenyl and 7,7'-dimethoxy-k,4*-dimethyl-6,6'-
dicarbomethoxy-8, 8'~b1coumar1ny1 (V) mentzoned earlier.
Unlike the previous condensation,ylelds of the 8-phenyl-
coumarin ester ( XXI ) were greotiy reduced when no solvent
was used. On heating with alcoholic potassium hydroxide
solution ( 10 Z ) ( XXI ) gave the corresponding acid ( XXII)
which on decarboxylation yielded 7-methoxy-8-oheny1-h

8] !
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methylcoumarin ( XIX ) déscribed earlier.

‘ RTKE
5-Methoxy-8-phenyl-t-methylcoumarin

5-Methoxy-8~iodo-t-methylecoumarin ( XIII ) when
heated with iodobenzene and copper bronge at 260° gave a
mixture of various products from which S-methoxy-8-phefiyl-l-
methylcoumarin ( XXIIT ) was lsolated by fractional
crystallisation. Other products isolated were btiphenyl and
5,5 =dimethoxy-k, 4! ~dimethyl-8,8'~bicoumarinyl ( XIV )
deséribed earlier.
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EXPERRIMENTAL
Ullmann reaction on 7-methoxy-8-iodo-k-methyl-

coumarin ¢ 7,7'-Dimethoxy-l. b'-dimethyl-8,8'-bicoumarinyl.

7-Methoxy-8-iodo-li-methylcoumarin ( 3.16 g. § 0.01
mle ) dissolved in dry diphenyl ether ( 50 ml. ) was treated
with copper bronze ( 1.80 g. § 0.03 mle ) and the mixture
refluxed on a wire gauze for 3 hours. The ‘reaction mixture
was filtered hot . The filtrate was then cooled and diluted
with petroleum ether ( 60-80° ) with stirring. The product
obtained was dissolved in large amount of acetic acid and
refluxed with animal charcoal. It was then filtered. The
product which separated on cooling crystallised from the same

solvent in thick yellowish brown needles, m.p.358°. Yield 1.3 g.

Analysis ¢
9.56 mg. of the substance gave 24.36 mg. of carbon

dioxide and %.20 mg. of water.
69.5% %
69.84 7

H= %76 %.
H=14.76 %.

Found s C

e

]

CaaHyg0¢ requires 2 C

e

The product obtained on diluting the acetic acid
solution and also on rembval of diphenyl ether from.the
original mother liquor was found on direct comparison to be
7-methoxy-li-methylcoumarin.

The bicoumarinyl derivative 1s sparingly éoluble

in the common organic solventse.

7;7'~Dihvdroxy-4.h'-dimethyl-8.8'-bicoumar;nz .

TheJaﬁove bilcoumarinyl derivative ( 0.5 g. ) was
heated with acetic anhydride ( 8 ml. ) ard hydriodic acid
(8 m. 3 do 1.7 ) in an oil bath at 130-k0° for 2 hours.



The reaction mixture was then cooled and poured in cold
sodimm bisulphite solution. The product,purified through
dilute sodium hydroxide, crystallised from acetic acid as

yellow amorphous powder, m.p. 388¢.

Analysis ¢
10.5% mg. of the substance gave 26.5% mg. of carbon

dioxide and %.02 mg. of water.
68071 % H H= )"]"27 %0
68.57 % 3 H = 4,00 %.

The product freely dissolved in sodium hydroxide

L

i

Found : C

‘J

CopgHyy0g¢ requires : C

solution but did not show any fluorescence.

Ullmann reaction on methyl-7-methoxy-8-lodo-li-
methylcoumarin-b-carboxylate ¢ 7,7'-Dimethoxy-Y, 41-dimethyl-
6§6‘-§icarbomethogy-8.8'~bicoumariﬁyl. ‘

Methyl~7~meth§xy~8—iodo-hnmethylcoumérinpéa
carboxylate ( 3.7% g. 3§ 0.01 mle ) dissolved 1ln dry diphenyl
ether ( 50 ml. ) was treated with copper bronze ( 1.8 g. 3
0.03 mole ) and the mixture refluxed on a wire gaugze for 3
hours. The reaction mixture was filtered hot. The filtrate
on cooling was diluted with petroleum ether and the product
obtained treated with acetic acid ( charcoal ) and finally
recrystallised from the same solvent In yellow needles, m.pe.
250°. Yield 1.6 g. / )

' Analysils ¢
8.90 mg. of the substance gave 19.62 mg. of carbon
dioxide and 3.44 mg. of water.
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Found C 3'62099 %
Ca¢H2204, Tequires : C = 63.15 %

H= )"'v53 %n
H =445 4.

e

-o

The product obtained on diluting the acetic acid
mther liquor and on removal of diphenyl ether from the
original mother liquor by steam distillation was found to be

methyl-7-methoxy=--methylcoumarin-6-carboxylate.

7.7t =-Dimethoxy-b,bt-dimethyl-6,6t'-dicarboxy-8,8"-

biéoumariny;.

The above ester ( 0.5 g. ) was refluxed with
alcoholic potassium hydroxide solution ( 10 % ; 20 ml. ) on
& steam bath for 2 hours. The mixture was diluted with water
and ‘acidified. The separated product was purified through
sodium bicarbonate solution. It crystallised from large

volumes of glacial acetic acid in needles, m.p. 306° (effer.).

Analysis ¢

10.0% mg. of the substance gave 22.68 mg. of carbon
dioxide and 3.8kL mg; of water.

Found s C = 61.6% 4
61.80 %

H= )+.28 %o
H= 3086 %o

-to

1]

CauH, 3010 requires e C

e

The above acid ( 0.5 g« ) in quinoline ( 10 ml. )
was refluxed on a sand bath with a speck of coppef powder for
half an hour. The mixture was then filtered and poured En
dilute hydrochloric acid solution. The separated product was
washed with sodium bicarbonate solution and then crystallised
from glacial acetic acid in needles, MeDe358°, Mixed melting

point with 7,7'-dimethoxy-l,li'~-dimethyl-8,8'-bicoumarinyl



described earlier, was not depressed.

7.7'=Dimethoxy-l, Yt-dimethyl-3,3'-bicoumarinyl.

7-Mothoxy=3-lodo-t=methylcoumarin ( 3.16 g.
0.01 mle ) dissolved In dry diphenyl ether ( 25 ml. ) was
treated with copper bronze ( 1.80 g. § 0.03 mle ) and the
mixture refluxed on a wire gauze for 3 hours. The product
obtained on working up as before crystallised from acetic acid
in yellow needles, m.p. 268°. Yield 0.35 g.

» Analysis

8.98 mg. of the substance gave 22.96 mg. of carbon

dioxide and 3.84% mg. of water.
69.77 % 3 H = 4.78 %.
Cz2Hy1g0s requires : C = 69.8% 7 5 H = 4.76 4.

]
L ]

Found s C

e

7-Methoxy-l-methylcoumarin was obtained on diluting
the acetic acid and also from the diphenyl ether mother liquor

by steam distillation,

7,7'=Dihvdroxy=4. 4t ~dinethyl-3,3-bicoumarinyl.

The'abovetéoumarinﬁl derivative ( 0.5 g« ) was heated
with acetic anhydride ( 10 mwl. ) and hydriédic acid ( d. 1.7 3
10 ml. ) in an oil bath at 130-140° for 2 hours. The product
obtained on pouring the reaction mixture in cold sodium -
bisulphite solution was puridied through dilute sodium °
hydroxide solution. It erystallised from acetic acid as brown
amorphous powder, m.p. 7 %00°.

The product freely dissolved in sodium hydroxide

(+ 9
solution withLﬁeep yvellow colour but did not show any
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fluorescence. It is sparingly soluble in the common organic
solvents.

Analysis

10.50 mg, of the substance gave 26.42 mg. of carbon
dioxide and 4.08 mg. of water.
68.66 % § H = 4,35 %.
68.57 % § H = 4,00 %.

®

I

TFound t C

CapgHyy0g requires z C

e

7,7'-Dimethoxy-b Ut -dimethyl-6,6'-dicarbometho xy-

343'-bicoumarinyl.

Methyl-7-methoxy-3-iodo-l-methylcoumarin-b-
carboxylate ( 1.87 g. § 0.005 mle ) dissolved in dry diphenyl
ether ( 25 ml. ) was treated with copper bronze ( 0.9 g. 3
0.015 mle ) and the mixture refluxed on a wire gauze for 2
hours. The reaction mixture was then filtered hot and the
filtrate on cooling was diluted with petroleum ether ( 60-80° ).
The producﬁ which separated recrystallised from acetié acid
in fine yellow needles, m.p.286°. Yield 0.25 g.

fnalysis ¢ . N

8.70 mg. of the substance gave 20.1L4 mg. of carbon
dioxide and 3.28 mg. of water.
63.17 % 3§ H= 4,22 4,
C2¢H22010 rTequires : C = 63.15 % 3 H = k.k5 7,

4

i

Pound s C
Me thyl-7-methoxy-bemethylcoumarin-b-carboxylate
was lsolated from the diphen&l ether mother liquor on working

up as before.
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H

7,7 =-Dimethoxy-boht-dimethyl-6,6'-dicarboxy=3,3"=

bicoumarig_;.‘

The above bicoumarinyl ester { 0.5 g. ) was refluxed
on a steam bath for 2 hours with alcohnlic potassium hydroxide
solution ( 10 % § 20 ml. ). The product obtained on
acidificafion was purified through sodium bicarbonate solution
It crystallised from glaclal acetic acid in needles, m.p. 348°
( effer. ).

Analvsis ¢

10.5% mg. of the substance gave 23.82 mg. of carbon
dioxide and 3.92 mg. of water.
61.70 %
C = 61.80 %

~
w

i

Pound

Al

e

H = 9;16 % s
H = 3.86 %.

e

,Cz MH“ 80 1o require S

-~ o

The above acid ( 0.5 g. ) in quinoline ( 10 ml. )
was refluxed on a sand bath for half an hour with‘a speck.of
copper powder. The mixture was then filtered and poured in
dilute hydrochloric zcid solubtion. The separated product
crystallised from acetic acid, men.268°, Mixed melting voint
with 7,7'-dimethoxy-lt,4'-dimethyl-3,3'~bicounarinyl described

before was not deoressed.

5,5t =Dimethoxv=tt. ' . dimethyl-8.8 -bicoumarinyl.

5—Méthoxy-8~iodo~h—methy1coumarin { 1.58 g. 3.
0.005 mle ) dissolved in dry nitrobenzene ( 25'm1~ ) vas
treated with copper bronze ( 0.9 g. 3 0.015 mole { and the
mixture refluxed on a wire gauze for 3 hours. The mixture was
then filtered hot and the filtrate diluted with petroleum

ether. The product which separated was refluxed with acetlc
L]
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acid ( 20 ml, ) and filtereds The insoluble portion was
crystallised from a large volume of acetlic acid. It separated

in a powder form, m.p. 7 400°. Yield 0.1 g.

Analysis

( 10.28 mg. of the substance gave 26.1% mg. of carbon

dioxide and 4.78 mg. of water.
Found t C = 69,40 % 5420 %

H= l{‘a76 %a

]

“ae

02231806 requires s+ 0 = 69.815' %

»e

5;Methoxy-h-methylcoumarin was lsolated from the

mther liquors as in the previous experiments.

545! =Dihydroxy=t,4'-dinethyl-8,8"~bicoumarinyl.

5, 5" -Dinethoxy-Y, % ~dime thyl-8,8' - bicoumarinyl
( 0.5 g. ) was heated with acetic anhydride ( 10 ml. ) and
hydriodic aeid ( d. 1.7 § 10 ml, ) in an oil bath at 130-1kL0°
for 2 hours. The product obtained oﬁ pouring the reactlon
mixbure in cold sodium bisulphite solution was purified
through dilute sodium hydroxide solution. It crystallised
from acetic acid in small needles, m.p. ” 400°, The product
freely dissolved in sodium hydroxide solution with a yellow
colour but vas sparingly soluble in the common organic
solvents.

Analysis ¢ ‘ ' ‘ -

8.98 mg. of the sgbétance gave 22,42 mg. of carlon
dioxide and 3.12 mg. of watere.

Found £+ C=68.13% 3 H=3.89 4.

CaoHiu0g reguires ¢ C = 68,57 4 5§ H = 4,00 7.

e
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5.5'=Dimethoxy=t.4'=-dimethyvl-56,6=dicarbomethoxy-

8a8'-bicoumarinvl.

Methyl-5-metho xy-8-iodo-lk-methylecoumarin-6-
carboxylate { 1.87 g. § 0.00 5 mole ) dissolved in dry
diphenyl ether ( 25 ml. ) was treated with copper bronze
( 0.9 g. 3 0,015 mole ) and the mixture refluxed on a wire
gauze for 2 hours.The reaction mixture on working up as before
gave a product which crystallised from acetic acid in colorless
needless m.p. 353°. Yield 0.15 g.

Analysis ¢
9.4k mg, of the substance gave 21.86 mg. of carbon

dioxide and 3.90 mg. of water.

]

Found e C =63.20% s H= 4,60 %.
L“ol{'s %6

The motner liquors on working up as before gave

o

H

tH

CaeHza010 requires ¢ C = 63.15 %2

1)

methyl=5-methoxy=-14+-methylcoumarin-6-carboxylate.

-

5,5'=Dimethoxy-l, U ~dimethyl-6,6'~dicarboxy=-8,8"'=
bicoumariqx,.. k ‘ |

The above bicoumarinyl ester ( 0.5 g. ) was refluxed
with aleoholic potassium hydroxide solution (104 3 20 mL. )
on a steam bath for 2 hours. The product which separated on
acidification was purified through sodlum blearbonate selution.
It erystallised from acetic acid in shining erystals, m.p.>400°.

lnalysis : -

8.12 mg. of the substance gave 18.28 mg. of carbon

dioxide and 2.56 mg. of water.

L
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Found

(1]

C =6l 4 s H=3,52 4.
CayHyg04¢ requires ¢ C = 61.80 % 5§ H = 3.86 %.

e

The above acid ( 0.5 g. ) in quinoline ( 10 ml,. )
was refluxed on a sand bath with a speck of copper powder
for half an hour. The product which éeparated on working up
as before and presumed to be 5,5'-dimethoxy-lt,%' -dimethyl-
8,8t=bicoumarinyl crystallised ffom glacial acetic acld,
m.p.  400°,

Anslysis ¢
5.08 mg. of the substance gave 12,960 mg. of carbon

dioxide and 2.072 mg. of water.
Found s-C = 69061 % H H= 4»56 %e
022H1 g0¢g requires ¢ C = 6958’4‘ % H H= )‘4'076 %o

Crossed Ullmann reaction between 7-methoxye«8-

lodo-Y-methylcoumarin and iodobenzene : Z-Methoxy-8-phenyl-l-

methylcoumarin.

An intimate mixbture of 7-methoxy-8-iodo-l-methyl-
coumarin ( 3.16 g. § 0.01 mle ),iodobengzene ( .12 g. ;
0.02 mole ) and copper bronze § L g.;excess j was heated in
an oil bath at 220-30° under reflux for 3 hours. The mixture
was then cooled and extracted with vetroleum ether ( 60-80°).

The prdouct obtained after remval of petrolenm
ether was found to be biphenyl. The reaction mixture was then
extracted exhaustively with benzene. The préduot, obtained
after remval of benzene was crystallised first from acetic
acld and then from alcohol in ‘colourless heedles, m.p.158°.

Yield 0035 Ee
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Analysls = -

8.82 mg. of the substance gave 24.66 mg. of carbon
dioxide and 3.88 mg. of water.
76.30 %
CyoHyy03  requires : C = 76.68 %

Found s+ C H

H

.92 %.
526 %

On further extraction of the reaction mixture

e

]

s

successively with acetic acid and with diphenyl ether,
747'=dimethoxy-t,ltt ~dimethyl-8,8'~bicoumarinyl, described

earlier was obtained.

7-Hydroxy-8=ohenyl-lt-methylcoumarin.

7=Methoxy=8-phenyl-Y=methylcoumarin ( O.é; g. ) was
heated with acetic anhydride ( 5 ml. ) and hydriodic acid
(5ml. 3 d. 1.7 ) in an oil bath at 130-%0° for 2 hours.
The reaction mixture on working up as before, gave a product
which crystallised from dilute acetic acid in colourless
needles, m.p.18%°. It dissolved in sodium hydroxide solution
with a bright blie fluoresence.

Analysis ¢

10.26 mg. of “the substance gave 28.80 mg. of carbon
dloxide and %.48 mg. of water.

Found t C = 76,60 %' s H= 14,88 %,
Ci4Hy 203 Tequires : C = 76,19 % 3 H = 4.76 %.

-

Methvl-7-methoxy-8-phenyl-l-methylcoumarin-b-

carboxylate. J
Me thyle7-metho xy-8-10do«lt-methyleoumar in-6-

carboxylate ( 3.72 g« § 0.01 mole ) in dry nitrobenzene
( 25 ml. ) was refluxed with iodobenzene ( %.12 g. § 0.02 mle
. o7 .

S
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and copper bronze ( Y g. § excess ) for 3 hours. The reaction
mixture was then filtered hot and the filtrate dilute with
petroleum ether ( 60-80° ). The separated product crystallised
from acetic acid in yellow needles, m.p. 250°. Mixed melting
point with 7,7'-dimethoxy-U4,4'-dimethyl-56,6!-dicarbomethoxy-
8,8'-bicoumariﬁy1 was ot depfessed. ‘

The product obtalned on removal of nitrobenzene from
the mother liguor by steam distillation crystallised from
acetic acid in needles, m.p. 168°. Yield 0.62 g.

Analysis @ '

9.1% pg. of the substance gave 23.40 mg. of carbon
dioxide and %.12 mg. of water.

Found £+ C =706 % ¢ H= 5,04 %,
H= %93 %.

e

e

Cy9Hy 405 requires : C = 70.37 %

7-Me thoxy=8=-phenyl-lt-methylcoumarin-6-carboxylic acigd.

The above coumarin ester ( 0.5 g. ) was refluxed
with aleoholic potassium hydroxide éolution (10% 35 20 ml. )
on a steam bath for 2 hours. The product obtained on
acidification wes purified through sodium bicarhonate solution.
It crystallised from acetlc acid in needles, m«p. 258°.

Analysis :
9.5% mg. of the substance gave 24.32 mg. of‘farbon
dioxide and L1t mg. of water.
69.57 % 3 H = 4.85 %.
69.67 4 3 H = L.,51 4.
The above acid ( 0.5 g. ) in quinoline ( 5 ml. )

Found :t C

1]

e

]

L 13

318}11 405 requires + C

was heated in an oil bath at 200° with a speck of copper
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powder for half an hour. The mixture was then filtered and
poured in dilute hy@rochloric acid solution. The separated
product crystallised from rectified spirit in needles, me.p.,
158¢, Mixed melting point with 7-methoxy-8-phenyl-l-

methyleoumarin described earlier was not depressed.

5=Methoxy-8-bhenylet-methylcoumarin,

An intimate mixture of 5-methoxy-8-iodo-l-methyl-
coumarin ( 3.16 g. 3 0.01 mle ), iodobenzene ( %.12 g. 3
0.01 nnle‘) and copper bronze ( 4% ge..0XCeSS ) Qas heated in
an oil bath at 260° under reflux for 3 hours. The mixture was
then cooled and extracted with petroleum ether ( 60-80° ).
The product obtained after removal of petroleun ether was
found to be biphenyl. The reazction mixture was next repeatedly
extracted with benzene. The product obtalned after removal of
benzene crystallised from rectified spirit in fine colourless
needles, mep. 156-158°. Yield 0.6 g.

Analysis @

7.96 mg., of the substance gave 22.26 mg. of carbon
dioxide and 3.64 mg. of water. )

Found s C = 7632 %
Cy47Hy03  requires : C = 76.69 %2

H= 5.11 %\o
H= 5.26 %.

. The reaction mixture was finally extracted with

“e

~BRe

diphenyl ether. 5,5'=-Dimethoxy-l,4!-dimethyl-8,8'~Dbicoumarinyl,
described earlier, was obtained on removal of the diphenyl

ether by steam distillation.



