CHAPTER I
PART I

SIUDIES QN THE_SYNTHESIS OF FUROCOUMARINS




Studies on the synthesis of furocoumarins

3.

If the furan ring is bullt on a suitably
substituted coumarin derivative, it leads to the synthesis
of furocoumarins. Alternately, one can start with an
appropriate coumarene derivative and build up the a-pyrone
ring on it, Five isomeric forms of furocoumarins are found

in the 1iterature,

NS q3) . W

In recent years furocoumarins of the type (4)
1.e. psoralene type have received considerable attention
on account of thelr therapeutic properties. Xanthotoxin
or 9-methoxypsoralene is a fish poison (1) but it is

relatively non-toxic to mammals. Schonberg and Latif (2)
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observed that it possesses mélluscicidal activity., It was
demonstrated by Elwi (3) that it produces fatty degeneration
of liver and adrenal hemorrhage if it is administered in
large doses to mammals. In the case of human beings the
compound has found medicsl acceptance for the treatment of
leukoderma (4). The most recent applicationshave made use

of the fact that it alters the erythermal response to
ultra-violet light, a property which has been used clinically
to prevent sun-burn (5). There is some evidence that
xanthotoxin under certain conditions may be carcinogenic(6).

Pathak and Fellman (7) have recently studied the
activating and fluofescent wave -lengths of 37 furocoumarins
and their biological photosensitising action was also
investigated. Furocoumarins which induced definite
photosensitised erythermal response on mammalian skin showed
activation peaks in the region of 340-380 gu and concomitantly
the fluorescent peaks in the region of 420-460 mu. The
inactive furocoumarins did not show these specific activating
and fluorescent peaks. Psoralene, xanthotoxin, bergapten etc.
have been found to be active but 8-hyd£§xypsoralene,
5,8-dimethoxypsoralene etc, were found to be inactive,

The methods of synthesis of furococumarins are
briefly reviewed here. Two routes are available for the
synthesis of psoralenes, either (a) through é-hydroxycoumaran
(I) or (b) through umbelliferone (II),

Spath and Pailer (8) carried out the condensation
of 6-hydroxycoumaran with malie acid in the presence of

conc. sulphuric acid and obtained 2,3-dihydropsoralene (III)
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which on dehydrggenation gave psoralene (IV).
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Later on Horning and Reisner (9) prepared

different 5-substituted -2,3-dihydropsoralenes (V) by
condensing 6-acetoxycoumaran (VI) with a variety of
P—ketonic esters in the presence of sulphuric acid, This
reaction has been further extended by Erse and Christensen
(10) to obtain 6-alkyl-2,3-dihydro-5-methylpsoralenes by
condensing appropriate a-alkylﬁﬁvketonic esters with

6 ~acetoxycoumaran.,
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Ray,Shilooja and Vaid (11) have approached the
problem of furocoumarin synthesis by starting with

umbelliferone. In this procedure, they carried out the
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eyelization of 7-acetonyloxycoumarin (VII), obtained by
treating umbelliferone with chloracetone, in the presence

of sodlum ethoxide to 3-methylpsoralene (VIII).
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Rodigh?ro and Antonello (12) synthesised
xanthotoxin (IX) by first preparing 7-hydroxy-8-methoxy-6-
formylcoumarin (X) and then treating it with ethyl bromo-
. acetate, followed by hydrolysis, cyclization and

decarboxylations
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Limaye and Gangal (13) synthesised 3,4-dimethyl-
7 46 -furocoumarin from 7-hydroxy-6-acetyl-4-methylcoumarin
using the same procedure. \

Robinson et al. (14) synthesised psorglene by
first subjecting 6-hydroxycoumaran (XI) to Gattermanm
aldehyde synthesis and then condensing the 6-hydroxy=-5-
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formyleoumaran (XII) with cyanoacetic acid followed by
decarboxylation and dehydrogenation.
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Recently Kaufman (15) has prepared h,5:8—
trimethylpsoralene (XIII) (a) and 5:8-dimethylpsora1ene
(XI1II) () Sy first carrying out the Clailsen rearrangement
of 7-allyloxy-4,8-dimethyl-(XIV) (a) and 7-allyloxy-8-
methyleoumarin (XIv) (b) to 7-hydroxy-6-allyl-4,8-dimethyl-
(XV) (a) and 7-hydroxy-6-allyl-8-methyleoumarin (XV) (b)
respectively. These were then acetylated, brominated and

cyclised to obtain psoralene derlivatives.
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Using a similar procedure Kaufman synthesised

}
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4, 4~dimethylpsoralene (XVI).
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Angeliein is a naturally occuring furocoumarin
of type (B) and is synthesised by Spath and Pailer (16) by
condensing sodium salt of P-formylumbelliferone with

iodoacetic ester under pressure and the product obtained
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subjected to hydrolysis followed by eyclisation. Naik

and Thakor (17) repeated the whole process using ethyl
bromoacetate in acetone in the first step. They observed
that the melting point of 7-(8-formyleoumarinoxy)-acetic
acid (XVII) was 2#8—90 instead of 178—810 as reported by
Spath and Pailer (16). They also observed that on
cyclisation of this product, angelicin-zlcarboxylic acid

. (XVIII) which was not isolated by Spath and Pailer was
obtained and it underwent decarboxylation when heated with

copper and quinoline to angelicin.
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Using the above method Shah and Shah (18)
synthesised furano—3Amethy1~#:5:;§%~coumarin from 7-hydroxy-
8 -acetylcoumarin,

Limaye (19) synthesised angelicin by preparing
4 -hydroxy-5-formyle oumari);% (XIX) from Lr—hydroxycoumarﬁim
(XX) and then subjecting it to Perkin reaction.
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Aneja, Mukerjee and Seshadri (20) synthesisad angelicin
by subjecting first 7-hydroxy-8-allylcoumarin (XXI) to
ozonolysls and subsequent cyclisation of 7-hydroxy-

ccumarih—8~acetaldehyde (XXII) with ortho phosphoric acid,
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Furocoumarins of type (C) have been synthesised
by several workers. Limaye and Sathe (21) subjected
6 -hydroxy-7 -acetyl~3-methylcoumarons (XXIII) to
Kostanecki ~-Robinson ace?ylation and obtained furo~31%-
dimethyl—lp:5176;;(-0011&13193?}5 (XXIV) in poor yield along
with furo—2,31dimethyl-k:Slﬁ,g;chromone (XAV) o
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Shah and Shah (22) synthesised 3 alkyl-furo-
y 5—6 §-coumaria (XXVI) by first condensing 2,4-dihydroxy-
3-formylacetophenons (XXVII) with malonic ester and then
carrying out the condensation with ethyl bromoacetate

followed by hydrolysis, subsequent eyclisation and

decarboxylations
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Chudger and shah (23) synthesised several
. Qa‘mdw 5 5 BS
3-alkylzfuro-%,5-$,é?4a@e$%yicoumarin (XXVIII) by condensing
5-hydroxy -6 -acyl-4-methylcoumarin (XXIX) with ethyl

bromoacetate followed by hydrolysis and subsequent cyclisation.
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Furocoumarins of type (D) have recently assumed
great importance as they occur in nmature and also possess
estrogenic properties. For example, Govindachari et al.(24)
found that Wedelolactone isolated from Wedelia

Calendulacea had the structuregxxixa)d
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Further, Blickoff, Booth and their associates
(25) who isolated the estrogen coumestrol from ladinoclover
and alfalfa found that it had the structurey zxixb)

Recently Khastglr, Duttagupta and Sengupta (26)
have isolated a phenolic counarin-psoralidin from Psoralea

Corylifolia and established its structure as 6-(3-methylbut-
2=-enyl) -coumestrol (XXX¥).

LX%RX)

Furocoumarin of type (E) has been recently
synthesised by Kaufman and Russey (27) . They carried out
the Claisen rearrangement of 8-allyloxycoumarin (XXXI)
and obtained 7-allyl-8-hydroxycoumarin (XXXIX), the acstyl
derivative of which was brominated. This product (XXXIII)

. ’ y vy 9
underwent cyclisation to Zﬁaethyl-furofy,S-g,%Ccoumarin

(XXXIV) when refluxed with sodium ethoxide in absolute

ethanol.
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The present work deals with the synthesis of

the following furocoumarins.

(a) Turo ~21car:r>oxy {1+: 53-7 y8rcoumarin

(b) Furo -3:methy1-@+: 5-’-‘7,8)-eoumarin

(e) Furo—SZS-dimethyl-{ﬁi%%,8)—00umarin

(8) ﬁ‘uro-318-dimethy1-€+:5:6,7)-coumarin

(@) 3Methyl benzofurano—(6:718,7) <4 -methylcoumarin

(&> For the synthesis of (a) the starting material

required was 8-hydroxy-7-formylcoumarin and for the
synthesis of (b) 8-hydroxy-7-acetylecoumarin both of which
iﬁ;’g‘é hitherto unknown. Though several mono and di-hydroxy-
coumarins have been subjected to various substitug’%’a

reactions little work has been done on the 8-hydroxycoumarin
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probably because this coumarin derivative is not easily
accessible,

The 8-hydroxycoumarin (X¥XV) required in the
presaent work was synthesised from g-vanillin by the method

of Cingolani (28) as shown below.
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8 -hydroxy -7 -formylcoumarin was synthesised from 8 -hydroxy -
coumarin by formylation with hexamethylenetetraminé. The
monoformyl derlvative gave a brown ferric chloride -
colouration. On Dakin 6xidation it afforded the known
748-dlhydroxycoumarin (29) which established its structure.
The 8-hydroxy-7-formylecoumarin (XXXVI) én
~ condensation with ethylbromoacetate gave éthyl~7—formy1~8—
coumariggoxyacetate. This ester was hydrolysed by treatment
with alkalil to 7-formyl—8-coumar;§%oxyacetic acid. Furo-zl
carboxy*§:537 8)ycoumarin (XXXVII) was obtained on heating
the acid with sodium acetate and acetic anhydride.Beconhawytolion
ity Gaemolimne - Cbiy powday A mls Give & hwar o dink:,

() Furo-3-methyl {4, 529 ,8ycoumarin was synthesised
from 8 -hydroxy-7-acetylcoumarin (XXXVIII). This derivative
was prepared by the Friedel-Crafts acetylation of 8-hydroxy-
coumarin. The same acetyl derivative was obtained on Fries
migration of 8-acetoxycoumarin. Its structure has been

established by Dakin oxidation when the known 7,8 -dihydroxy -~
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coumarin was obtained, M&kﬂ:ﬁ-exﬁatm.
8 -Hydroxy -7 -acetylcoumarin was condensed with
ethylbromoacetate when ethyl*?=aeetyl-8—coumar1§}oxyacetate
.was obtained. This ester was hydrolysed by treatment with
alkall to 7—acetyl-8ncoumariﬁkoxyacetic acid. The cyclisation
of this acid was effected by refluxing it with acetic
anhydride and freshly fused sodium acetate. Simultaneous
decarboxylation took place and furo-3;methyliyz5l7,8y
coumarin was obtained,
© Furo—3:5-dimethylﬁ5:4:7,B}coumarin was prepared
from 7-hydroxy-5-methyl-8-acetylecoumarin.
Bae 7-Hydroxy-5-methylcoumarin (30) on Friedel-
Crafts acetylation gave 7-hydroxy-5-methyl-8-acetylcoumarin.
The above structure has been assigned because its methyl
ether underwent Elbs persulphate oxldation to give 7-methoxy-
6 -hydroxy-5-methyl -8-acetylecoumarin. Sethna and his codworkerscyg
have used this as a diagnostic test for finding out whether
the 6-position in a coumarin is substituted or not. If the
6-position is substituted no reaction takes place because
the oxidation in the 8-position 1is very difficult. The same
8~acetyl derivative was obtained on Fries-migration of
7 -acetoxy~-5-methylcoumarin, '
7 -Hydroxy-5-methyl-8~-acetylcoumarin ("XL) was
condensed with ethyl bromoacetate 1n boiling acetone in
the presence of anhydrous potassium carbonate when ethyl-5-
methyl-8»acetyl—?-coumariﬂ}oxyacetate was obtained. On
hydrolysis with alkalil it gave 5-methyl-8-acetyl-7-

coumariﬁ%oxyacetie acid. The cyeclisation of this acid was
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affected by refluxing it with acetie anhydride and
freshly fused sodium acetate, Simultaneous! ;decarboxylation
and ring closure took place and furo-3, 5-dimethy1-@//*+ Z,8'7)
coumarin (CXU1l{) was obtained.

cd> Furo-3,8 -dimethylﬁq-, 5—6,‘7)—coumarin (v XL Y) was
synthesised from 7 “hydroxy-6-acetyl-8 -methylecoumarin X\ Ve
This acetyl derivative was derived from 7-hydroxy-8-
methyleoumarin (31) by Friedel-Crafts acetylation. It gave
purple brown colouration with aleoholic ferric chloride
and as there is no other position where the acetyl group
can migrate, 7-—hydroxy-6-écetyl -8 -methyleoumarin structure
has been assigned. The same 6-acetyl derivative was

obtained on Fries-migration of 7-acetoxy-8-me thyleoumarin,
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7 -Hydroxy-6-acetyl-8 -methylcoumarin on
condensation with ethyl-=bromoacetate under the same
conditions deseribed before gave ethyl-8-methyl-6-acetyl--
7 -coumariﬁiﬁoxyacetate. The ester was hydrolysed with
alkali to mﬂwﬂ—coumrinwxyacetic acid.
Furo-3 8-dimethyl-&1+, 5~6,7}eonmarin was obtained on
heating the acid with sodium acetate and acetic anhydride.
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(g) Although a . number of furocoumarins have been
synthesised, there does not appear to havelfny instance
of the building up of a furan ring on a benzocoumarin.
The reason for thls probably ig that the required hydroxy
benzacoumariﬁiare not readily available. The only dihydroxy
néphthalene which appears to have been condensed with
ethylacetoacetate is the 1,5-dihydroxynaphthalene (32).
This gives 61hydroxy-komsthyl-7,S-benzocoumarin in fairly
good yield. In the present work this coumarin derivative
has been made the starting material for the synthesis of
3:methy1 benzafurano—(6:7:8,7)—kemethylcoumarin.

The above furocoumarin was synthesised from
6 Z-hyd roxy -5 lac etyl-l-methyl-7,8-benzocoumarin. This acetyl
derivative was derived from 6:hydroxy4+qnethy1-7,8-benzo-
coumarin éé%%iiV) by Friedel-Crafts acetylation. It gave
1ight brown colouration with aleoholic ferric chlor ide.
Faurther, on Kostanecki-Robinson benzoylation, it gave a
flavone derivative. On these basis the 51acety1 structure
has been assigned to the product of Frledel-Crafts
reaction. The same 5:acaty} derivative was obtained on
Fries-migration of 6lacetoxy-4-methy1—7,8—benZOcoumarin
- |
6:Hydroxy—51acetyl-h«methyl-7 8 -benzocounarin
(éﬁ;gg}) was condensed with ethyl bromoacetate when
ethy1-5~acety1~6»(#—methy1-7 8-benzocoumarina—oxyacetate

OALVi)

E%X%&EI) was obtained., This ester was hydrolysed by
{ xivi )

treatment with alkali to the corresponding acid(:é%?\@@&ﬁf).
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The cyclisation of this seid was effected by refluxing it
with acetic anhydriqe and freshly fused sodium acetate
gimultaneous decarboxylation took place éﬁix§-methyl-
benZOfurano—(6,7-8,7)J+ﬂmethyleoumarin (KX§¥IX) was

obtained,
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EXPERIMENTAL

Synthesis of furo-coumarins

(a) Synthesis of furo -2-carboxy £4.5-7 ,8ycounarin :

8 -Bydroxy~7-formylcoumarin
8 -Hydroxycoumarin (1.62 g. § 0.01 M ) and

hexamethylene tetramine (5.62 g. § 0,04 M ) in glacial
acetic acid (30 ml,) were heated on a steam bath for 7 hrs.
Hydrochlorie acid (1 ¢+ 1 ) was then added and the heating
continusd for further 2 hrs. The product obtained on
extraction with ether, crystallised from glacial acetic
acid in yellow needles, m.p. 238~h00.

Analysis : Found s C=63.5 % 5 H=3.2 %,
C1 oHg Oy requires : C=63.1 % 5 H=3.1 %,

Dakin oxidation of 8-hydroxy-7-formylcoumarin

7,8-Dihydroxycounarin

Hydrogen peroxide (6 % § 0.5 ml.) was dropwise
added with stirring to a solution of 8-hydroxy-7-formyl-
coumarin (0.5 g.) in sodium hydroxide solution (5 Z 3 10 ml.)
at 00. After keeping for 3 hrs. in a refrigerator it ﬁas
acidified. The crude produc% was crystallised from alcohol
in yellow needles, m.ps 255—60. Mixed m.p. with the known
7,8—éihydroxycoumarin was not depresseds

{
Ethy1~7—formvl-8»coumariﬁ%oxxacetate

, 8 -Hydroxy -7 ~formyleoumarin (1.9 g+ § 0.01 M )
bromoacetic ester (1.6 g« 3 0.01 M) and potassium carbonate

(1.3 g+ § 0.01 M) were refluxed in acetone for 4 hrs. The
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product obtained was crystallised from ethanol in needles,

0
meps 120"1 -
/

é&lﬁ.}.g§i§, : Found : &6101‘*‘ % H H=}+¢6 ()
CyHy20¢ requires : C=60,8 % § B=lbolk 7,

M)
{-Formyl -8 -coumarinfoxyacetic acid

The above ester on hydrolysis by heating with
sodium hydroxide (10 cc. 3 5% ) on a steam bath for 3 hrs,.
gave 7-formyl—8-coumariﬁﬁpxyacetic acid which crystallised
from acetic acid, m.p. 193—50.

Analysis : Found : C=58.1 7 3 B=3.2 %,
Cy2HgO¢ requires C=58;?'% $ B=3.2 %»

s 0

Egzg;g;gggggzzj&,i;z,Btcoumarin

The above acid (2 g. 3 0.01 M) was heated with
sodium acetate ( 1 g. 5 0.0L M ) ani acetic anhydride
(3 ml, § 0,024 ) on a wire gauze for 30 minutes. The o - ™
product obtained on pouring the reaction mixture in ice-
cold water, crystallised from ethanol in white erystals,
MePe 365—70. |
Analysis : Found C=62:5 % § H=2.7 %%
C12HgO5 requires s C=62.6 % ; H=2.6 %.

e

k]
Synthesis of gggo~3;nethglj&;E-ZGBtgoumarin s

8 ~Hydroxy -7 ~-acetylcoumarin

(1) By the Priedel-Crafts acetylation of
8 -hydroxycoumarin : 8-Hydroxycoumarin (1.62 g. § 0,01 M )
mixed with anhydrous aluminium chloride (5.2 g. § 0.04 M )
and acetic anhydride (3 ml.) was heated in an oil bath at
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0
140-50 for 2 hrs. The product obtained on working up as
usual crystallised from ethanol in yellow needles, m.p.

v
201-02 .

-

Analysis : Found C=6W.7 Z 5 H=3.9 %,

Ci31HgOy requires s C=64%.,7 7 5 B=3.9 7.

*»

(11) The same compound described above was
obtained by the Fries migration of 8 ~acetoxycoumarin as
follows? 8-Acetoxycoumarin (2,04 g. 3 0.01 M) (32) was
mixed with anhydrous aluminium chloride (5.2 g. 3 0.04 M)
and heated at 125 and then slowly to 170° during 2 hrs.
Dilute hydrochloric acid (1 : 1.) was added and the mixture
was again heated on a steam'béth for 30 minutes. The crude
produet was crystallised from alcohol, m.p. 201-026. Mixed
mepe of this with 8-hydroxy-7-acetylcoumarin described
above was not depressed.

The 2,4-dinitrophenyl hydrazone

adtiny

Prepared bXKphenfﬁhydrazine (0.1 g+) and 8-hydroxy-

7-acetyleoumarin (0.1 g.) in glacial acetic acid for 30

minutes. It was crystallised from glacial acetic acid in
shining needles, m.p. 2’+1--30 '
Analysis : Found 1 N=14.3 %,
Ci7H1205H, requires : N=1%.5 %,
Dakin oxidatilon of 8-hydroxy-7-acetylcoumarin :
2,8 -Dihydroxycoumarin

The oxidation of 7-acetyl derivative was carried

. 0
out as described before, m.p. 255-6 . Mixed m.p. with the
W

known 7,8-dihydroxycoumarin dﬁﬁ‘not depressad ,

S—
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\
Ethyl~7—acetvl—8-coumgrigéoggacetate

8 -Hydroxy -7-acetylcoumarin (2 g. j 0.01L M) ethyl
bromoacetate (1.6 g..3 0.01 M) and potassium carbonate
(1.3 g+ § 0.01 M) were refluxed in acetone for 4 hrs. The
product obtained was crystallised from ethanol, m.p. l45-8°®

Analysis : Found : C=62.2 % § H=5.0 %.
Cl 5H1w06 requires H C=6200 % ; HxLl-@B %6

2-Acetxl—8-coumariﬁ?oxxgggﬁig,acid

The above ester on hydrolysis by heating with
5 7 sodium hydroxide on a steam bath for 3 hrs. gave
7~acetyl—8—coumari%%bxyacetic acid which crystallised

0
from ethanol in white plates, m.p. 235-6 .

Analysis : Found : C=59.4% % 3 H=3.9 Za

ClBHI-OO6 requires C=59.5 % 3 H=308 %o

L 2% |
Furo-3-methyl #+,5-7,8ycoumarin

The above. acid (2.6 g. 3 -0.01 M ) was heated
with sodium acetate (1 g. § 0.01 M) and acetic anhydride
(3 ml, 3 0,02 M) on a wire gauge for 30 minutes. The
product oﬁtained on pouring the reaction mixture in ice-
cold water, crystallised from ethanol in white shining
plates, m.p. 146-80

Analysis ¢ Found C=71.7 % § B=4.,1 %o
Cy2HgO4 requires : C=72.0 7 3 H=l,0 %,
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(e) Synthesis of-furo-3:§—dimethxl4§:412,Stcoumarin :
2-Hydroxy-8-acetyl-S-methylcoumarin

(1) By the Friedel-Crafts acetylation of
7 -hydroxy -5-methylcoumarin : 7-Hydroxy-5-methyleoumarin
(1.76 g+ 3 0,01 M) mixed with anhydrous aluminium chloride
(5.2 g« 5 0.04 M) and acetic anhydride (3 ml.) was heated
in an oil bath at 140—500 for 2 hrs. The product obtaired
on working up as usual erystallised from ethanol in

0
needles, m.p. 190-1 ,

Apalysis : Found 2 C=66.5 7 5 H=k.6 7.
C12H1°0“ TQQUireS ¢ C=66.0 % H H=b,6 %o

(11) The same compound was obtained on Fries

rearrangement of 7-acetoxy-5-methylcoumarin,

Z-Acetoxy-5-methylcoumarin

7-Hydroxy-5-methyleoumarin (2.86 g. j 0.01 M)
and acetic anhydride (5.72 g« 3 0,01 M) were refluxed for
1 hr. The product obtained on working up as usual
crystallised from acetic acid, m.p. 115—60.

Apalysis : Found : C=66M 7 5 H=l.6 7,
CleloOk TBQUireS H C=66@O % $ thoé %a

7-Acetoxy—é?methylcoumarin (2.18 go 3 0.01 M)
was-mixed with anhydrous aluminium chloride (5.2 g. ;
0.C4 M) and heated at 1250 and then slowly to 1‘70o during
2 hrs. The product obtained on working up as usual

0
crystallised from acetic acidy mop. 190-1
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Analysis ¢ Found : 0=66.5 %

H H:ll"@s %c
Ci2H; o0y requires : C=66.0 % 3

H=lt .6 Za

7-Methoxy -8-acetyl -5 -methylcoumarin

7-Hydroxy -8 ~acetyl~5-methylcounarin (1.76 g.;
0.01 M) ,dimethyl sulphate (2.4 g. s 0,02 M) and potassium
carbonate (4.8 g. § 0.0 M) were refluxed in boiling acetone
for 8 hrs. The product obtained on working up as usual was
erystallised from aleohol, m.p. 174»509
Analysis : Found : C=674 7 5 H=5.2 7.
Cy3H 20, requires : C=67.2 ¢ 3 H=5.1 %,

Elbs_Persulphate Oxidation of 7-methoxy-8-agetyl-
S-methylcoumarin : 7-Methoxy-6-hydroxy-8-acetyl-~
9-methylcoumarin : 7-Methoxy-8-acetyl-5-methyl~

coumarin (0.2 g.) was dissolved in sodium hydroxide
(10 4 3 10 m1, ) by warming on a steam bath. The solution
was then co?led and potassium persulphate (0.8 g. ; 10 ml,
water) was added gradually from a separating funnel dufing
2 hrs. The solution was mechaniczlly stirred and the
temperature was not allowed to rise above 100. The reaction
mixture was kept overnight. The following day it was just
acidified with hydrochloric acid, when the original
7 -methoxy -8 -acetyl-5-methyleoumarin was obtained. This was
. filtered and the filtrate was twice extracted with ether.,
The aqueous layer was then heaated on a boiling water bath
with con.hydrochloric acid (10 ml.) for about an hour. The
product separated was crystallised from acetlic acid, m.p.
226-8°.
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T

Apalysis : Found  : C=62.% 7 § Hel.6 7
Cy3H; 205 reguires : C=62,9 % ; H=4.8 %,

'\&\
Ethyl-8-acetyl-5-methyl-7-coumarinsoxyacetate

7-Hydroxy—g-acetyl—S-methyiéoumarin (2.18 g+ 3
0.01 M), ethyl bromoacetate (1.6 g. § 0.01 M) and potassium
carbonate (1.3 g. § 0.01 M) were refluxed in acetone’ for
4 hrs. The product obtained on working up as usual was

0
erystallised from ethanol, m.p., 130-2 .

Apalysis t Found s C=62.8 7 j B=5.0 %Z.
Ci¢H1606 requires 1 C=63.1 % § H=5.2 %,

S-Acetyl—Sﬁmethyl-7-coumariﬁ&oxyachtic acid

The above ester on hydrolysés with 5 % sodium
hydroxide on a water bath for 1 hr. gave B-acetyl-5-methyl-
7—coumariﬁﬁbxyacetic acid which crystallised from acetic

0
acid in needles, m.p. 225-7 .

Analysis : Fourd : C=60.4 7 3 H=3.9 %.
CyyHy90¢ requires : C=60.8 % 3 H=k,4 %,

Furo—B;S—dimethxljizklz,@:goumarin

The above acid (1.6 g. 3 0.01 M) was heated with
sodium acetate (1 g. j 0.01L M) and acetic anhydride (3 ml.;
0.02 M) on a wire-gauze for 45 minutes. The product obtained
on pouring the reaction mixture in ice-cold water,

0
crystallised from ethanol in needles, m.p. 169-70 .

Analysis : Found 3 C=73.1 7 3 BH=4.7 %.
Cy 3H; 003 requires s C=72.9 % ; H=.7 %,
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Synthesis of‘furo-3;8vdimethyl4H;5:6,7>coumarin 3

7-Hydroxy-b-acetyl -8 -methvlcoumarin

(1) By the Friedel-Crafts acetylation of 7-hydroxy-

8 -methylcoumarin ¢ 7-Hydroxy-8-methyleoumarin (1.76 g. 3

0,01 M) mixed with anhydroué aluminium chloride (5.2 g. ;
0.04 M) and acetic anhydride (3 ml.) was heated in an oil
bath at 1%0—500 for 2 hrs. The product obtained on working

up as usual crystallised from acetic acid, m.p. 207-080.
Analysis : PFound : C=65.9 % 3 H=4.3 %,

Ci2H; o0y requires : C=66.0 7 § H=4.6 Z.

(11) The same coumarin derivative was obtained
by Fries rearrangement of 7-ascetoxy-8-methylcoumarin as

follows @

Z-Acetoxy-8-methylcoumarin

Prepared from 7-hydroxy-8-methylcoumarin (2.86 g.;
0.01 M) and acetic anhydride (5.72 g. 3 0.01 M) by refluxing
for 1 hr. The product obtained on working up as usual,

0
crystallised from acetic acid, m.p. 130-2 .

Analysis : Found 2 C=66.4 7 5 H=l,7 %
CiaH; o0y requires : C=66.0 Z 5 H=k.6 7.

7 -Acetoxy -8 -methylecoumarin (2,18 ge 30.01 M) was
mixed with anhydrous aluminium chloride (5.2 g. j 0.04 M)
and heated at 125o and then slowly to 1700 during 2 hrs. The
product obtained on working up as usual, crystallised from

0
acetic acid, m.p. 207-08 , Mixed m.p. with 7-hydroxy-6-acetyl-

Y
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8-methylcoumarin described above was not depréssed.

Ethzl»é-gcetxl—é»metgx;;z—coumarigioxxggggggg

7 -Hydroxy -6-acetyl-8 -methylcoumarin (2.18 g. j
0,01 M), ethylbromoacetate (1.6 g. j 0.01 M) and potassium
carbonate (1.3 g. § 0,01 M) were refluxed in acetone for
3 to 4 hrs. The product obtained was crystdllised from
dilute acetic acid, mep. 106r070.

Analysis : Found t C=63.0 7 § H=5.2 %,
CieH160¢ requires ¢ C=63.1 7 j; H=5.2 %,

6eAcetzl;ﬁanethyl—7*coumari3§ogyacetic acid

The above ester on hydrolysis with 5 % sodium
hydroxide on a water bath for 1 hr, gave 6-acetyl-8-methyl-
7-coumariﬁ?oxyacetic acid which crystallised from acetic
acid in needles, m.p. 165—70.

Analysis : ( After heating at 120 under vaccum )
Found : C=6046 7 3 H=lte5 %s
CiHi20¢ requires 3 C=60.8 %2 ; H=4,3 %.

Egro—3:8—d;gethy;;&;Q;G,Zrcouggg;g

The above acid (1.6 g. §j 0.01 M) was heated
with sodium acetate ( 1 g. 3 0.01 M) and acetic anhydride
(3 ml. 3 0,02 M) on a wire gauge for 2 hrs. The product

obtained on working up as usual crystallised from acetic

0 N
acid in shining plates, m.p. 188, - Oofisno—md=3ag ).
Analysis : Found t C=72.5 % 3 H=h.b %

Cy 3H; 003 requires ¢ C=72.8 % j H=4.7 Z.

-»

e

b
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(e) Synthesis of 3-methyl benZOfurano—g6:2§§,22-
]

Yk -methylcoumarin 6—dero;z—§:acetzl-h—metgxl—z,S—

benzocoumarin
(1) By the Friedel-Crafts acetylation of

61hydroxy—h—methyl—7,S-benzocoumarin : 61Hydroxy~4~methyl—
7 48 -benzocoumarin (2.6 g« 5 0,01 M ) was mixed with
anhydrous aluminium chloride (5.2 g. ; 0.0k M ) and acetic
anhydride (3 ml.) and heated in an oil bath at 111-0--50o for

2 hrs. The product obtained on heating the reaction mixture
with hydrochloric acid cerystallised from acetic acid in
yellow crystals. M.P. 315—170.

Analysis ¢ Found : C=91.2% § H=14,3%.
C16H120|+ requires s C= 71.6 % H H= lf'oh‘ %0

(11) The same compound was obtained on Fries
rearrangement of 61acetoxy-k4methy1—7,8-benzacoumarin.

6:Acetoxy-4:getny;-7.8-ben20coumar1n

61Acetoxy derivative was prepared by refluxing
6:hydroxy4+qmethyl—7,8-bgnzocoumarin (2.6 g. 5 0,01 M)
and acetic anhydride (5 ml, § 0,05 M ) for 2 hrs. on a
wire gauze, The product cryétallised from acetic aid in
white crystals, m.p. 207-09 . |
C=97L.5%; H= 4,2 %,
C=71.6% 3 H= UMW %,

L

Analysis ¢ Found

Cy6H1204 requlires

62Acetoxy -4 -methyl-7,8 -benzocounarin (2.6 g. ;
0.01 M ) was mixed with anhydrous aluminium chloride
(5.2 g« § 0,04 M ) and heated at 125o and then slowly to
170° during the period of 2 hrs. Dilute hydrochlorie acid



40

(1:1) was added and the mixture was again heated on a
steam bath for 30 minutas. The crude praduct was crystallised
from acetic acid m.p. 315-17 « Mixed m.p. of this with the
product obtained from Friedel-Crafts reaction was no¥
depressed. It also gave light brown colouration with
alcoholic ferric chloride,
’ ’ : \ ~L
Ethyl-S-acetyl-6-(4-methyl-7,8-be ggggggg;%%;

oxyacetate
GZHydraxy~51gcetylJ+4methyl—7,B—benzocoumarin

(2.6 g. 3 0.01L M ) bromoaceticegte® (1.6 g. 3 0.01 M)
and potgssium ecarbonate (1.3 g« § 0.01 M) were refluxed
in acetone for 4 hrs. on a water bath., The product
obtained on working up as usual crystallised from acetie

acid. M.P. 138-39°.

Analysis ¢t Found 3 C=67.8% 5 H=5.0%.
C» oHy 806 requires s C = 67.7 % 3 H= 5.1 %.

licetyl-6-(4-met 1- 8-benéocoumarigg;ox acetic
agld
The above ester on h&drolysis-by heating with
sodium hydroxide (5 %) on a watef bath for one hour gave
5 acetyl-6- (hqnethyl—7,8—ben20~oumariqz oxyacetic acid
which was crystallised from acetic acid, m.p. 220—22 o

Analysis 3 Found : C=65.9 % ; H= 4.0 %
C; gH3 406 requires : C = 66,2 % § H = k.3 %,

3:Methzl benzofurano-(6:7:8ﬁ?)-k—metgglcoumarin
The above acid (1.5 g.) was heated with sodium

acetate (1 g.) and acetic anhydride (3 ml.) on a wire gauze
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for 45 minutes., The product obtained on pouring the
reaction mixture in ice cold water was crystallised from

0
acetic acid, m.p. 252-53 .

Analysis : Found : C=77.8% 3 H=ko2%,
CypH; 205 requires : C = 77,3 % 5 H = 4.5 %,
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