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CHAPTER IV

Syntheslis of some anthra-furan derivatives

Theoretical

Furan, benzofuran, dibenzofuran and other furano
derivatives form an important group of het;rocyciic
compounds.

The representatives of this class of compounds are
found to occur in vegetable kingdom extensively, mostly as
glycosldes. Some of these may be mentioned here.

| Euparin ( Kamthong and Roberison, J. Chem. Soc.,
1939, 9255 933 ) 5 Pongaml ( T.R.Seshadri et al., J. Chem.
Soc., 195%, 1871 § 1955, 2048 ) 3 Usnic acid ( Rochleder
and Heldt, Annélen, 1843, 48, 11 ; Barton et al., J. Chem.

Soc., 1956, 530 ) ; Griseofulvin, one of the few natural

products which contain chlorine ( Oxford, Raistriqk and Simn
art, Blochem, J. 1939, 33, 240 j MacMillan et al., J. Chem.
Soc., 1952, 3949, 4002 ; 1953, 1697 3 1954, 2585 ) and
Khellin ( Clarke and Robertson, J. Chem. Soc., 1949, 302 ),
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Some of these compounds have attracted attention
in recent years, because of their physiological properties
and others because of their commercial importance, for
example, Nitrofurazone has been reported to possess good
bacteriostatic and bactericidal properties ( Dodd, et al.,

J. Phermacol and Bxper. Therap, 1944, 82, 11 ). Nitrofurfuryl
methyl ether has been found to be decidely fungistatic to all
commn fungi, Nitrofurantoin ( N.N.R. 1955 ), a nitrofuran

derivative, 1s suitable for oral use and has been found to be

effective evan for infections that were resistant to antibiotics.

Usnic acid and Griseofulvin have been found to possess
antibiotic prooerties. Khellin has been kmown for rellieving
spasm of uretes, Kidney and gall bladder ( Ibrahim and Ali
Pascha, Brit. J. Urol., 1926, I, 396 ; Torahim and 411 Beg,
J. Roy. Egyot, Mid. Assoc., 1929, 12, 71 ).

Some of the important general methods for the

synthesis of benzofurans may be briefly described here as they

illustrate the different ways in which a furan ring can be
built up on an aromatic nucleus.
(1) When 3-halocoumarin is heated with alkeli a

coumarilic acid i1s obtained.

o cooH

[

(2) Synthesis of benzofurans may be accomplished

the
fromzdibromideéof # chalconed { Kostanecki and Tambor, Ber.,
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1896, 29, 237 ).

(o]
OH ele. Kok cogghs

CH.Br.CH.Br .COGHS

(3) o-Hydroxyphenylacetic acids readily undergo ring
closure with sulphuric acid to yield bengzofuran derivatives.
Thus when mandelie acid is condensed with phenol, 3-phenyl-
coumaran-2-one 1s formed ( Bistrzyckl and Flataue, Ber.,

1895, 28, 989 ; Blstrzyckl and v.Weber, ibid., 1910, 43,
2496 3 Liebig, ibid., 1908, 4L, 1644+ ).

0 s
OH Hoo? W3, 504 o + CH.CO0H
+ s
HOCH & Hs " Hg HO

(%) By elimination of hydrogen halide from-a w-
halogenated acetophenone derivative, coumaran-3-one derivative
can be prepared ( Friedlander and Neudorfer, Ber., 1897, 30,

1077 § v.Auwers, ibid., 1912, 45, 976 § 191k, L7, 3307 ).
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(5) 2,3~-Dihydrobenzofurans are very easily formed

W

from o-allyl-phenols, presumably by addition and elimination
of hydrogen bromide. This synthesls, originally discovered

by Claisen ( Claisen and Tietze, Ann., 1926 ) is important
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for the preparation of eompounds somewhat similar to vitamin
E, a chroman compound.

{6) An o-hydroxy-aldehyde or o-hyéroxy;ketone can
be 'condensed with c-halo-ketone or a-halogenated acid or
ester in bolllng acetone in presence of anhydrous potassium
carbonate. The ring closure 1s then accomplished by (i) the
Perkin reaction, which ylelds a ron-acidic coumarone
because the carboxylic group 1s unstable, or (iil) the
familier condensation of aldehydes with esteré under the
inf%uence of alkalil, which effects cyclisation with
retention of the carboxyl group. A typical example of this
synthesis has been shown below ( Foster and Robertson, J.

Chem. Soc., 1939, 921 ) :«

CH

CH;0 OH Hen + Hel 30 OH
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(7) Ring closure of a-phenoxy carbonyl compounds or
corresponding acetals can be effected with the help of
reagents like concentrated sulphuric acid or anhydrous gzine
chloride to get the corresponding benzofuran derivative.

( Stoermer, Ber., 1897, 30, 1700 ; 1895, 28, 1253 ; Stoermer,
Apn., 1900, 312, 237 3 Stoermer and Wehln, Ber., 1902, 35,
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3549 3 Viadesco, Bull.Soc'.Chim.France, 1891, &, 807 ).
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a-Phenoxyacids also undergo similar cyclisation
when treated with phosohorus pentoxide to yield coumaran-3-
one derlvatives. ( Stoermer and Bartsch, Ber., 1900, 33,
3175 3 Stoermer and Barthelemes, ibid., 1915, 48, 62 j
Stoermer and Atenstudt, ibid., 1902, 35, 3560 ).

A very large number of benzofuran derivaﬁivgs have
been synthesised. Furan ring has also been built up on the
naphthslene ring system and a number of simple as well as
substlituted naphtho-furans have been synthesised. & few
anthra-furan-2-ones, which are actually lactones, such as
2H-anthra ( 9,1-bc ) furan-2-one ( 1 ) ( Barnett et al., Ber.,
192k, 57, 1775 ), 2H-anthra ( 9,i-bc )y furan-2-one-b6-hydroxy
( i1 ) ( Scholl and Bottger, Ber., 1930, 63, 2128 )5 2H-

anthra ( 9,1-bc ) furan-2-one-5-carboxyliec acid ( iil )



( Seholl and Bottger, Ber., 1930, 63, 2440 ) and 2H-anthra
( 9,1-bc ) furan-2-one-7-carboxylic acid ( iv ) ( Scholl
¥

and Bottger, loc.cit. ) ars known. There is no reference

however, 1n the literature,to the synthesis of simple
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The present work may now

anthra-furans.
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Synthesis of 3-methyl-anthra [1,2-b] furan.

2-4cetyl-l-anthrol ( 1 ) was condensed with
ethyl bromoacetate in boiling acetone in presence of
anhydrous potassium carbonate when ethyl-2-acetyl-l-
anthroxyacetate ( II ) was obtained. This ester was
hydrolysed by treatment with alkali to 2-acetyl-l-anthroxy-
acetic acid ( III ). The cyclisation of this. acid was
effected by refluxing it with acetic anhydride and freshly
fused and powdered sodium.gcetate and 3-methyl-znthra

[1,2-b ] furan ( IV ) was obtained.

OH Q.CH,5-COOC  Hg

OOO = o

H
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0. cu-z- COOH
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The result of the analysis and the absence of a
free acetyl group in the‘cyclised product indicate that the
meso position is not involved in the ring closure.

The possibility of c¢yclisatlion in the meso
position was investigated by preparing l-anthroxyacetic acid
( V.7 )y from l-snthrol and ethyl bromoscetate, but The acid

remained unchanged on subjecting it to the action of sodium

«



acetate arnd acetic anhydride.

o Q- CHy - cooH

s — ol

Synthesis of l-methvl-znthra fz l-bT fursn.

Similarly l-scetyl-2-anthrol ( VI ) on-condansation
wlth ‘ethyl bromoacetate, under the same conditlons, gave
ethyl-l=acetyl-2-anthroxyacetate ( VII ). The ester was
hydrolysed with alkali.to l-acetyl-2-anthroxyacetic acid
( VIIT ). 1-Methyl-anthra [2,1-b] furan ( IX ) was obtained

on heating the acid with sodium acetate and acetic anhydride.

COCH3 COCHz
V! vii
Hae——= COCHy
l © o'cHiCooH
Vil

-~

Svnthe515 of anthra ]2, -b7 furan.

The simole, unsubstituted, anthra [2, l-b] furan

Al



( XITI ) was synthesised by condensation of l-forumyl-2-
anthrol ( X ) with ethyl bromoacetate to get ethyl-l-foruyl-
2-anthroxyacetate ( XI ), hydrolysis of this es’;er to
1-formyl-2-anthroxyacetic acid ( XII ) and ring closure of

this acid to the anthra [2,1-b] furan.

CHO
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. EXRERIMENTAL

Condensation of‘2-acetyl-1—§nthrol with ethyl .

bromoacetate : Ethyl.2.acetyl-l-anthroxyacetate.

2-Acetyl-leanthrol ( 0.5 g: ) was dissolved in
dry acetone ( 50 ml., ). To the clear solutlon, anhydrous
potassium carbonate ( 3 g. ) and ethyl bromoacetate
( 0.5 ml, ) were added and the reaction mixture heated under
reflux on a steam bath for 4 hours. The solution: was then
filtered hot and the resldue obtalned on ramoval of acestone
crystallised from dilute aleohol (charcoal) in fine yellow
needles, m?p,108-109°. Yield 0.35 g.

Analysis s

9,0% mg. of the substance gave 24.80 mg. of
carbon dioxide and 4,26 mg, of water.
¢, 7+.86 % 3 H, 5.27 %.
Ca0Hy g0y requires ¢ C, 74,50 4 3 H, 5.59 %.

2=Acetyl.l-anthroxyacetic acid.
The above ester ( 0,5 g« ) was heated with sodfum

Found

Ll]

50

“we

hydroxlde solution ( 50 ml, § 2 % ). at 50° in a water bath
till the ester dissolved. The solution was then filtered
hot, cooled and acidified with dilute hydrochlorie acid.
The product obtained was further purified by sodfum
blcarbonate treaﬁment and crystallised from dilute acetic
acid (charcoal) in yellow needles, m.p.161-162°, Tield 0.k g,
Analysis ¢ |
3,202 mg., of the substance gave 8,574 mg., of
carbon dioxide and 1.290 mg. of water.



Found : c, 73010 % ; H, )"5'050 %o
Cy8Hy 40y requires : C, 73.50 % 5 H, 4.80 Z.

3-Methyl-anthra [1,2-b7] furan.

A mixture of 2-zcetyl-l-anthroxyacetic acid
( 0.3 go 5, acetic anhydride ( 12.0 ml. ) and freshly
fused and powdered sodium acetate ( 1.2 g. ) was boiled
for 30 minutes. The reaction mixture was then added to
cold water. The product which separatga was filtered and
erystallised from dilute aleohol ( charcoal 5 in pale
greenish yellow plates, m.p. 105?. Yield 0.15 g.

Mnalysisg ¢
13.3% mg. of the substance gave 42.68 mg. of
carbon dioxide and 6.70 mg. of water.

Found : C, 87.31 % 5 H, 5.62 %.
617H120 requires H C, 87092 %:; H, 5017 %oA

Attempted cyclisation of l-anthroxyacetic acid.
l-Anthroxyvacetic acid. 4 mixture of l-anthrol

(1g.), ethyl bromacetate ( 1 ml. ) and anhydrous
potassium carbonate ( 3 g. ) ﬁas refluxed in acetone
solution for 7 hours. 4n oll was obtalned on removal of
acetone. This was hydrolysed in alcohﬁlic solution with
potassium hydroxide ( 2 g. In 5 ml. water ) by heating on
a steam bath for 2 hours. It was then filtered and the
filtrate diluted with water and acidified. The product
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obtained was purified through sodium bicarbonste treatment
and crystallised first from dllute alcohol ( charcoal ) and

then from benzene in colourless needles, m.ﬁ. 190-191°.

Apnalysis @

10.42 mg. of the substance gave 29.12 mg. of
carbon dioxide and 4.60 mg. of water.
C, 76425 % 5 Hy 494 Z.
C4¢Hy 203 requires ¢ C, 76,19 % 3 H, 4.76 %.

Found

The above acid ( 0.1 g. ) was refluxed with
sodium acetate ( 0.3 g. ) and acetic anhydride ( 2 ml. )
for 30 minutes. The qriginal acid was obtained on working

up the reaction mixture.

Condensation of 1~formxl-2-anthrol with ethyl
bromoacetate : Ethyl-l-formyl-2-anthroxyacetate.

1-Formyl-2-anthrol ( 0.5 g. ) was dissolved in dry
acetone ( 50 ml. ) and refluxed on 2 steam bath with
anhyﬂroué potassium carbonatq (3 g. ) and ethyl
bromoacetate ( 0.5 ml. ) for 3 hours. The solution was
filtered hot and the residue obtained on removal of
acetone crystallised from alcohol ( charcoal ) in yellow
needles, m.p. 140°, Yield 0.k g. |

Analysis ¢
3.260 mg. of the substance gave 8.832 mg. of
carbon dloxide and 1.472 mg. of water.



Found

"

‘g, 73093 % H, 5005 %0
Ci9H140y requires : C, 74,01 % ; H, 5.19 %.

L 1]

1-Formyl-2-anthroxyacetic acid.

Ethyl-l-forayl-2-anthroxyacetate ( 0.5 g. ) was
hydrolysed by heating it with sodium hydroxide solution
(2% 3 50 ml..) at 50-60° for 6 hours. The product obtained
on acidification with hydrochloric acid cfystallised\from
dilute acetone (charcoal) in pale reddish yellow shining
nesdles, m.p.222-223°, Yield 0,2 g.

Analysis ¢

3.390 mg. of the substance gave 8.992 mg, of
carbon dioxide and 1.26 mg., of water.

Found : C, 72,384 35 H, 4,16 %,

C19H1 20y requires : C, 72,85 % 5 H, 4,29 7,

Anthra [2,1-b] furan.

A mixture of le-formyle2-anthroxyacetic acid
( 0,1 g. ), acatic anhydride ( 2 ml, ) and freshly fused
and powdered sodlum acatate ( 0.3 g. ) was boiled for 30
minutes. The mixture was then cooled, added to cold water
and kept overnight., The solid obtained was filtered, washed
with a dilute solution of sodium hydroxide and crystallised
from dilute acetic acid (charcoal), It was recrystallised
from dilute alcohol when shining greenish yellow plates
were obtained, m.p.177-178°,

Analysis ¢

3.610 mg, of the substance gave 11,648 mg. of

carbon dioxide and 1.508 mg, of water.

foey
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C,.88,07 % 3 H, 4,67 4.
61 6H100 ?equ:!.res H C, 88.06 % g H’ L}'o 59 %o

Condensation of l-acetyl.2-anthrol with ethyl

bromoacetate ¢ Ethyl.l-.acetyl.2-anthroxyacetate.

1—Acety1a2-anth;ol ( 0.5 g. ), ethyl bromoacetate
( 0.5 ml., ) and anhydrous potassium carbonate ( 3 g. ) were
refluxed on a steam bath in dry acetone ( 50 ml, ) for 3
hours. The solution was then filtered hot and the product
obtained on removal of acetone was washed with water and
crystallised from aleohol (charcoal) in greenish ysllow
needles, m.p.127-128°, Yield 0.3 g.
_Analysis ¢
3.718 mg. of the substance gave 10,182 mg. of
carbon dloxide and 1.880 mg. of water,
Found ¢ C, 4.7 % 5 H, 5.66 %.
Ca0Hy 80y requires ¢ C, 74,50 % 5 H, 5.59 %.

l-4cetyl-2-.anthroxyacetic acid.

l-Acetyl-2-anthroxyacetate ( 0.5 g, ) was
hydrolysed by keepling 1t with sodium hydroxide solutlcen
(% % 3 20 ml. ) overnight at room temperature. The
solution was then fiitered and the product obtained on'
acldification of the alkaline filtrate with dilute
hydrochloric acid, crystallised from dilute acetlic acid
(charcoal) in greenish yellow needles, m.p.190°, Yield O.4% g,

Analysis : '

3.270 mg, of the substance gave 8,802 mg, of

carbon dioxide and 1.286 mg, of water.



Found ¢t C, 73.%6 % 3 H, 4+.%0 4.
C, 73.)-}8,% H H, }+o76 %o

l-Methyl-anthra [ 2,1-b 1 furan.

A mixture of l-acetyl-2-anthroxyacetic acid
( 0.1 g. ), acetic anhydride ( 2 ml. ) and freshly fused
and powdered sodium acetate ('0.3 g. ) was boiled for 30

*

Cy8Hy 30y requires

minutes. It was then cooled and added to cold water. The
product obtained was crystallised first from dilute
acetic acid ( charcoal ) and then from alcohol in needles,
m.p. 139-140°.

Anaizsis $

%.408 mg. of the substance gave 14.126 mg. of
carbon dioxide and 2.120 mg. of water.

Found : C, 87.45 % 3 H, 5.38 %.
Cy9H120 requires : C, 87.92 % 3 H, 5.17 %.



