CHAPTER I

STUDIES IN THE SYNTHESES OF CYCLOHEXENOCOQUMARINS



Studies in the syntheses of cyelohexenocoumaring

About ninety coumarins compose one of the most
important groups of natural products1“%. A11 but six or so
are derived from plants, eséecially Leguminosae,Orchidaceae,
Rutaceae and Umbelliferae, the others coming from animels
or micro-organisms, A few coumarins-coumarin itself,
dihydrocoumarinn, psoraleng:éccur as glycosides of the
corresponding o-hydroxycinnamic acids. Some 3,hbbenzo—
coumaring are known of which ellagic acid (I), is one of

the most common yellow pigments in the plant world.

(1)

The erude resin obtained from the flowering tovs

of female plants of several Cannsbiss sativa L.varieties
has been known and used as a psychotomimetic aéent for
meny years6-8. The structure of this material, known
variously as marihuana, hashish, ete., had evaded
elucidation for many years, and has been obtained
synthetically by Todd gﬁ\g}.g and Adams g&mﬁg,tc Olivetpl
in a Pechmann condensation with f-oxo-ester affords the

cyclohexenocoumarin (2),the orientation of which, unusual

in the resorcinol series, is directed by the sterie factor
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imposed by the amyl side chein, Interaction of (2) with
methyl magnesium iodide followed by dehydrogenation,

supplies Cannsbinol (3).
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Recently the components of marihuans have

11
received renewed attention, In 1964, Gaoni and Mechoulam

on the basis of q@;\studies, and Santavy1f on the basis of
infrared studies and molecular rotation differences,
determined the complete structure of the major physiologieally
active cdnstituent, 1- & tetrshydrocanngbinol (4),

Recently the total synthesis of dl - & - tetrahydrocannabinol

and four of its isomers has been described by Fahrenholtiyz
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Alloxanthoxyletin, fani another eyclohexenocoumarin

derivative from Xanthoxylum americanum Mill., has been

'
allocated structure (5) , and Calophyllolide which can be

extracted from the nuts of the Tahitian tree, Calophyllum

15
inophyllum has the structure (6) .

The fungus Alternaria tenuis produces the sole

known -fungal~ 3,4-benzocoumarin, alternaricl (7), together
with s methyl ether. A.tenuis is weakly parasitic on some
_Plants, but is chiefly a saprophyte and a nuisance im the
; paper and flax industries, because it can destroy both
pectin and cellulose, rotting fibres and discolouring wood
pulp’e. Lederer’7 has shown that the yellow colour of the

secretion, Castoreum pigment from the scent glands of the




15

beaver, is due to the presence of two benzocoumariné out
of which one is 2',7-dihydroxy-3,4-benzocoumarin (8),

Sen and Bas’u.‘8 studied the regetion betweenﬁﬁhyv%f
cyclohexanone-2~carboxylate and phenols and obtained i
benzo-g-pyrones, According to the theory of Jacobson and
Ghosh12 the Y-pyrones should be expected ;n this reaction,
The structure of a-pyrones is based on the obser&ation
that keto nitriles of the type ~-COCCN when condensed with
phenols give rise to the formation of imino compounds which
yield o-pyrones on hydrolysiszo. By hydrolysis of the
condensation product prepared from‘2—cyanocyclohexanone
and resorcinol a compound identical with that prepared by
condensation of resorcinol with ethyl ecyclohexanone-?2-

carboxylate was obtained,

The present work has been carried out to
synthesize different cyclohexenoccumaring in which
cyclohexene ring is fused in 5,6-positions of the coumarin
ring systems,

The work deals with the syntheses of the following

cyclohexenocoumaring @

(2) 7-Methoxy-U-methyl-U'-ketocyclohexeno(5!,6',5,6)counarin
(b) Y-Methyl-lt-ketocyclohexeno(5',6',5,6)benzo(h)counarin

(¢) B-Phenyleyclohexeno(h)coumarin,

(a) Synthesis of 7-%§thoxy;4~methyl-h'-ketocyclohexeno
(5! ,6!',5,6)coumarin (26)
- [

[
For the synthesis of!(26) , the starting material

required was g-(2,h-dihydroxybgnzoyl)propionic acid (9)

q—



which was obtained by the Friedel-Craft's sucecinoylation
of resorcinol according to Desai and Shroffz’. The acid
was reduced by Clemmensags;»method using zinc amalgam
and hydrochlgric acid toT}(E,h-dihydroxyphenyl)butyric
acid (16?:4§giis gﬁbgk.zz have reported the reduced acid
as a viscous oil, Desail and Figueredozq reported the

0
compound having m.,p. 105 .,

7-Hydroxy-Y-methylcoumarin-6-butyric faeid (11)

Y-(2,4-Dihydroxyphenyl)butyric acid (10) on
Pechmann reaction with ethvlacetoacetate and concentrated
sulphuric acid gave the acid (11) as well as its ethyl
ester (12). The mixture was separated by treating it with
bicarbonate solution, The acid has been assigned the
7~hydroxy~hamethylcoumarin-6~butyric acid (11) strueture
on the basis of analytical results and also by the
formation of 2,4-dimethoxy-5-carboxypropyl-8-methyleinnamic
acid‘(lh) from its methoxy-ethyl ester (13). The structure
was also confirmed by the synthesis of 2-carboxy-6-
nethoxy~3-methyl-5-carboxypropylbengofuran (17) from the

acid (11), Both the compounds were synthesised as follows :

2, -Dimethoxy-5-carbozypropyl-2~-methyleinnamic Hcid (14):

(Lo Al KA

Ethyl;f;7..hydroxy_h..methylcoumarin. 6-butyrate(12)
when refluxed with dimethygsulphate and anhydrous pobtassium
carbonate in boiling scetone gave ethy1%7~methoxybﬁumethylm
coumgrin-6-butyrate (13) which on treatment with sodium

hydroxide solution and excess of dimethyﬁsulphate furnished

i

16
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2,4=dimethoxy- 5-carboxypropyl-g-methylcinnamic acid (1%)&
This is the eriteria of the coumarin ring system‘gﬁﬁiﬁg'xﬁ
a-pyrone ring is hydrolysed partlially to the corresponding
cimmamic acid derivative and thus confirming the coumarin

2y
structure assigned to the produet .

2-Carboxy-6-methoxy-3-methyl-5-carboxypropyl-
benzofuran (17) : Bromination of 7-lydroxy-l-methylcoumarin-
6-butyric acid (11)

3=Bromo-7-hydroxy=Y-methyleoumarin-6-butyric Beid (15) :

7-Hydroxy-lt-methyleoumarin-6-butyric acid (11)
was brominsted with one mole of bromine in acetie aciq
when 3-bromocoumarin derivative (15) was obtained. TheL6

above compound was methylated with dimethyﬁ;ulphate in
i

bvcm1~nahon>
1 mole

. mbzdrolysis
ethanol ), NaOH

“OcH;
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B T

the presence of potassium carbonate and acetoue to methy%fy
3-bromo~7—methoxy-h_meﬁﬁylcoumarih-6—butyrate (16) which
on hydrolysis by refluxing 1t with alcoholic sodium
hydroxide solution furnished 2-carboxy-6-methoxy-3-methyl-
S5~-carboxypropylbenzofuran (17). This 1s also a standard
reaction where 3-bromocoumarin is hydrolysed to the
corresponding bengofuran derivativezs.
' The bicarbonate insoluble product in the Pechmann
condensation of Y-{2,Wdihydroxyphenyl)butyric .acid was
found to be an ethyl ester of the acid (11) and was
assigned the structurexethyL%?-hydroxyahumethyleoumariny
6~but&rate (12), as it gave the above acid (11) on
hydrolysis with diiute sodium hydroxide solution. . This
ester was also prepared by refluxing the above acid (11)
with ethanol and concentrated sulphuric acid,

¥-(2 hbnimethonghenzl)butvric acid (19) =

thyll7-hydroxy-%-methylcoumarin-6-butyrate (12)

when refluxed with sodium hydroxide and dimethyl—sulphate
gave ih(2,hhdimethoxyphenyl)butyric acid., The structure
of this acid was proved by its direet synthesis as follows @
Resorcinol on methylation with dlmethyléulphate
gave dimethyﬂ;ther of resorcinol, which was then
succlnoylated to Y—(2 4.dimethoxybenzoyl)propionic acid (18)
according to Rosenmund gg_gg.zé This on Clemmensens
reduction gave the above Y-(2,4-dimethoxyphenyl)butyric
aqid (19). ¥,P, and mixed m,p. with the product described

above was not depressed,
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g;o’\\ Ok
(19)
+

hydrolysis

Neo H
MGZSOQ

N2 OAcC
Ago

Ethyl%?-hydroxy-h—methylcoumarin-6-butyrate (12)
vhen refluxed w&th acetic anhydride and sodium acetate
afforded ethylz7-acetoxy-t-methylecoumarin-é-butyrate (20).

This is a unique case of esterification taking
place during the Pechmarm condensation. The Pecehmann
ccndensation of 8-resoreylic acid with ethyl acetoacetate
and sulphuric acid as condensing agent gave the

27

decarboxylated product rather than the esterfied one .

In order %o study this esterification process further,
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CHayl bengoyl aceteia
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the Y-(2,4-dihydroxyphenyl)butyric acid (10) was
condensed with ethyl benzoylacetate in the presence of
concentrated sulphuric acid when it gave 7-hydroxy-i-
phenylcoumarin-é-butyric acid (21) and its ethyl ester(22).
Similar condengation of (10) with methyl acetoacetate and
concentrated sulphuric acid afforded 7-hydroxy-l-methyl-
coumarin-é-butyric acid (11) and its methyl ester (23).
The structure of the methyl ester was assigned as methyl
7-hydroxy-t-methylecoumarin-6-butyrate and was proved by
its hydrolysis to the above acid (11) and also by
esterification of the acid (11) with methsnol and

concentrated sulphuric geid to the ester (23).

7-Methoxy-h-methylcoumarin-6-butyric acid (25) :

7-Hydroxy--methylcoumarin-b-butyric acid (11)
was methylated with dimethylsulphate in the presence of
anhydrous potassium carbonate in boiling acetone to
methylg7-methoxy-t-methyleoumarin-6-butyrate (24), which
was then hydrolysed with sodium hydroxide solution to
7-methoxy-lt-methylcoumarin-6é-butyric acid.

7-Methoxy-Y4-methyl-lt_ketocyelohexeno(5',6',5, 6)~

coumarin (26) :

Thé above 7-methoxy-t-methylcoumarin-6-butyrie
acid (25) was cyclised with phosphorws : pentachloride,
dry benzene and anhydrous aluminium chloride to 7=methoxy-
Ymethyl-lt -ketocyclohexeno( 5t ,6',5, &) coumarin (26)

28
according to Johnson!s inverse process of eyeclisation.!

22
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Hooc
Hy
~d l e, S04 ,K,C03
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(11)
NeaoH
hydvolysis
<
3 3, v
HoocC
H3
Polyphosphoric acid ‘
OCHy NG OCHy
(26) (25)

This cyclised compound was also prepsred . by
heating the mixture of 7~methoxya%~methylcoumarin—6-‘
butyric aecid and polyphosphoric acid, Melting point and
mixed m,p. waS«léoo. The structure has been further

confirmed by taking the I,R.Speetra of this compaund.

It showed two bards in the carbonyl reglon, viz. 172% en !
(lactonyl >C=0 group) and 1670 em (aromatic ketone) .
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Decarboxylation of 7-hydroxy-Y-methylcoumarin-b6-

bulyric aecid (11)

7-Hydroxy-t-methyl-6-propyleoumarin (27)

7-Hydroxy-Y-methylcoumarin-6-butyric acid on
decarboxylation with copper powder and quinoline gave
the bicarbonate insoluble compound,which was assigned
the structure 7-hydroxy-t-methyl-6-propylcoumarin (27),

The structure of (27) was proved by the direct
synthesis of 7-hydroxy-t-methyl-6-propyleoumarin as
follows

Respropiophenone was reduced by Clemmensenga
reduction with zinc amalgam and hydrochloric acid to give
t-propyl resorcinol according to Jonnson and Hodgegg.
This on Pechmann condensation with ethyl acetoacetate and
concentrated sulphurie acid, furnished 7-hydroxy-t-methyl-
é-propylcoumarin (27), ¥ixed m,p., of the compounds

prepared by these two routes was not depressed,

7-HBydroxy-lt-methyl-6é-propylcoumarin was
methylated by refluxing it with dimethylsulphate,
anhydrous potassium carbonate and acetoﬁe when 7-methoxy-

6-propyl-l-methylcoumarin (28) -was obtained,
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(b) Synthesls of Y-methyl-Y'-ketocyclohexena(5',6',5,6)
benzo(h) coumarin (39) =

a~-and 8-Naphthacoumaring, their methyl
derivatives as well as their reduced products are potent
anthelmintic agentsso. It was therefore thought of
interest to synthesise coumarin derivatives in which the
cyclohexene ring is build up in ke 5,6 position of

a~-naphthacoumarin,

8-1-(k-Hydroxynaphthoyl)propionic acid (29)

3
Desal et al. attempted the condénsation of

resacetophenone, methyl-8-resorcylate, phloroglucinol
and g-naphthol with succinie anhydride in the presence
of either anhydrous aluminium e¢hloride or zinec chloride
and in nitrobenzene and acetylene tetrachloride as
solvents, They however did not succeed. Now a-naphthol
could be succinoylated in a similar manner to resorcinol
with succinie anhydride in the presence of anhydrous
aluminium chloride and nitrobenzene. The product obtained
whs assigned the strueture f-l1-(4~hydroxynaphthoyl)
propionic acid..

The structure of (29) was proved by first
converting it to methyl-g-1-(4%-methoxynaphthoyl)
propionate (30) by dimethyl sulphate and then hydrolysing
the ester to the known 8-1-(4-methoxynaphthoyl) propionic
acid (31), This acid was synthesised by the succinoylation
of methyl ether of a-naphthol in the presence of mnhydrous

a2
aluminium chloride according to Ruzieka and Waldmann



Mixed m,p, with the known f-l-(!~methoxynaphthoyl)

propionic. acid was not depressed’

OH
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¥-1-(4-Hydroxynaphthyl)butyric acid (32) :

/

8-1-(4-Hydroxynaphthoyl) propionic aeid on
01emmensen§r'reduction with zine amalgam and hydrochloric
acld gave the product to which ¥-1l-(Y-hydroxynaphthyl)

butyric acid structure was assigned,.



YMethyl-7,8-benzocoumgrin-6-butyric acid (33)
and 1ts ethyl ester (34)

The above Y-l-(Y%-hydroxynaphthyl) butyrie
“acid on Pechmann condensation with ethyl acetoacetate
and concentrated sulphuric aclid furnished a mixture of
Y-methyl-7,8-benzocoumarin-b-butyric acid (33) and
ethyld h»methyl—?,8—bgnzocoumarin—é—butyrate (34), The
mixture was separated by treating it with‘bicarbonate
solution, The struecture of (34%) was proved by the
esterification of (33) with ethanol and concentrated
sulphuric acid and also by its hydrolysis to (33).

b-Methyl-U!-ketocyciohexeno(5! 6! ,5,6)benzo(h)
coumarin (35) :

Y%_Methyl-7,8-benzocoumarin-6-butyric acid
on heating with polyphosphoriec acid gave the product
which was found to be insoluble in bicarbonate and
was assigned the structure 4-methyl-4t-keto-
cyclohexeno(5*,6',5,6)benzo(h) coumarin, The structure
was further cohfirmed by taking its I,R.spectra.

It showed two bands in the carbonyl region, viz,
172% em . (lactonyl >C=0 group) and 1680 cm o

(aromatic ketone)

29
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(¢) Synthesis of W-phenylcyclohexeno(h)ecumarin (37)

ar-Tetrahydro-a-naphthol (36) was prepared
according to Bug, Bamberger 3? The Peéhmann
condensation of ar-tetrahydro-a-naphthol with ethyl
benzoylacetate and concentrated sulphuric acid,
similar to ethyl acetoaéetate30 gave the alkalil
ingsoluble product to which W-phenyleyelohexeno(h)

coumarin (37) structure has been assigned,

OH OH

yediclian >
Na-avroylaicohol

(36)

\ . ~

Cthyl ben§oyl~
~aGcefate

37)
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EXPERIMENT AT

Syntheéég of cyclohexenocoumarings

(a) Synthesis of 7-methoxy-t-methyl-4!'-keto-

cyclohexeno(5',6',5,6) coumarin :

Y-(2,4-Dihydroxyphenyl) butyric acid was
22
prepared as follows according to Desal and Figueredo .

_¥-(2,%-Dihydroxyphenyl) butyrie feid :

8-(2,4%-Dihydroxybenzoyl) propionic acid was
prepared by suceinoylation of resorcinol according to
Desal and Shro§f21. The acid (10 g.) was heated with
zine amalgam (30 g.)\and concentrate@ hydrochloric acid
(75 m1,) for 15 hours., The mixture was cooled and
the product was extracted with ether. On evaporation
of the solvent the product was obtainedfin'pésty
form which on crystallisation from benzene gave the
colourless erystals, m.p;'lllo. Yield 6.0 g, Julis
et al. have reported the reduced acid as a viscous oil

, o
but Desai and Figueredo have reported m,p. 105 .,

7-Hydroxy-t-methyleoumarin-6-butyrie Jacid :

¥-(2,4~Dihydroxyphenyl) butyric acid (1.96 g. j

0.01 M) was mixed with ethyl acetoacetate (1.3 g. ;
0.01 M) ané to the cooled solution concentrated
sulphuric acid (80 4 3 8 ml,) was slowly added. After
keeping the mixture overnight, at the room temperature,

33
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the solutidﬁ was added to the lee-water. The product
was taken in bicarbonate solution and filtered.‘The
filtrate on acldlification with hydrochloric acid gave
the above acid,'crystallised from glacial acetic acid
in shining needles, m.p. 2300. Yield 1.7 g.

Analysis : Found : C,64.25 3 H,5.47 4
CyuHu05 requires : C,64.,11 5 H,5.38 %,

Ethy;§7~QYdroxyhh-methylcoumarinp6_butzrate t

H

The bicarbonate insoluble produect in the
above reaction was dried,washed with water and
cerystallised from dilute ethanol in colourless shining
plates, m.p. 1530. Yield 0.1 g.

Analysis : Found : C,66,43 3 H,6,12 %,
Cq4Hyg0s5 requires : C,66.,19 3 H,6.25 4,

This ester was prepared by refluxing the above
acid (1.0 g,) with ethanol (4 to 5 ml,) and econcentrated
sulphuric acid (0.5 ml,) for 3 to ¥ hours. On cooling
the mixture, the separated erystals were filtered,
washed with bicarbonate solution and crystallised from
ethanol, M,p. and mixed m.,p. with the above product
was 1530.

The hbove ethyl ester (0.5 g.) was hydrolysed
with sodium hydroxide solution (6 ¢ § 15 ml,) by keeping
it overnight at the room temperature. Next day it was
filtered and acidified, The compound was crystallised

34
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from glacial acetic acid in shining needles, m,p. 230 ,
Mixed m.,p. with the acid prepared as above was not

depressed}

Ethylk?iﬁéthoxy»h—methylcoumarin-6—butyraté H
T

Ethy@37-hydroxy;h~methylcoumarin—6-butyrate
(2.9 g. 3 0,01 M),dimethylsulphate (2.5 g. 5 0,02 M)
and anhydrous potassium carbonate‘(5.5 g. 3 0,04 M)
were refluxed in boiiing acetone for 8 hours. On
evaporation of the acetone, the product was washed with
dilute alkall and was crystallised from dilute ethanol
in shining needles, m.p. 116°. vield 2.5 g. |

Analysigs ¢ Found s C,67,45 3 H,6,45 4,
Cq9H2005 requires ¢ C,67.,10 3 H,6.50 %,

2,h-deethggya5Lcarboxypropy1=§-methylcinnamic.%gid

Ethy%%?—methoxy»h»methylcoumarin—6—butyrate
(0.5 g.) was heated with sodium hydroxide solution
(5% 3 15 m1,) for 15 minutes. Dimethylésulphate (2 ml.)
was then added with eonstant shaking. More sodium
hydroxide and dimethyl#isulphate were added and the
mixture was heated for a few minutes. The alkaline
solution was left overnight, It was filtered and the
filtrate on acidification gave 2,4%-dimethoxy-5-carboxy-
propyl-ﬁ-methyicinnamic acid which-was erystallised from
ethanol in colourless crystals, m.p;'1950. Yield 0,1 g.

Analysis :Found

s

c,61.84 5 H,6.,42 %,

Cy¢H200¢ requires 0’62¢33 H96ol‘"9 %o

[

Y 2 3

35
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%—@gggb»7~hzﬂro§15h—memhxlcoumarinp6-butyr1c1%ciq_=

7-Hydroxy-4-methyleoumarin-6-butyric acid
(2,62 g. 3 0,0L M) was dissolved in minimum acetic acid
(60 ml,) by warming and bromine in acetic acid (10 4 3
16 m1,} 0.01 M) was added dropwise. The reaction mixture
vas kept at the room temperature for 30 minutes, after
the addition was complete. The sélid’which separated
out was crystallised from alcohol in shining needles,
m.p. 224, Tield 201 g,

e

Analysis ¢ Found Br, 23.21 %.
CyuH1305Br requires ¢ Br, 23,464,

Methyl43-Bromo-7-methoxy-4-methylecoumarin-6é-butyrate
¥

3-Bromo-7-hydroxy-4-mebhylcoumarin-é-butyric
acid (3,41 g. § 0.01 M) was refluxed with dimethyl

sulphate (2.52 g, § 0.02 M), anhydrous potassium
carbonate (4.8 g. 3§ 0,04 M) and dry acetone for 4 hours
on a water bath, The acetone was evaporated and the
compound was washed with dilute alkall, It was dried
and erystallised from aleohol in colourless shining

i

0 :
needles, m.,p., 99 . Yield 2.% g.

Analysis : Found 't §,51,93 ;-H}E;SM
Cy6H1705Br requires : C;52.04 'y H4.61

Br,22,01 %,
Br,21.68 %,

¥ 1]

e~ 1

2-Carboxy-6-methoxy=-3~methyl-5-carboxypropyl-

benzofuran @

The above bromoecoumarin (1 g.) was refluxed

with ethanolic sodium hydroxide solution (6 % 3 15 ml.)

36



for 3 hours on a low flame, The mixture was cooled and
filtered. The filtrate on acidification gave the compound
vhich wds’ erystallised from alcohol in colourless crystals

)
melting at 228 (dee.). Yield 0.3 g.

dnalysis : Found ¢ C,61.%% 3 H,5.62 %.
CysHy60¢ requires ¢ C,61.6% 3 H,5,52 %;

¥~(2,4-Dimethoxyphenyl) butyriec écid :

Ethyl%?—hydfoxyah—methylcoumarin—é-butyrate
(0.7 g.) was refluxed with sodium hydroxide solution
(4 %4 3 15 ml1,) for 15 minutes on a low flame. Dimethyl
sulphate (2 ml,) was then added with continuous shaking,
Sodium hydroxide (4 ¢ ; 15 ml,) and dimethyl#sulphate
(2 ml,) were again added, The mixture was then heated on
the water bath for 2 minutes and was left overnight,
keeping it:gﬁ?alkaline. Next day the solution was filtered
and acidified, The cqmpopnd was dried in vacuum and
erystallised from petroleum ether in colourless
crystals, m.p. h?o. Yield O4 g.
Mnalysis Found C,63.86 3 H,6,64 4, -
Ci2H1¢0y requires : C,64,28 3 H,7.14+ 7,

»

Ethylévggpetoxy—h—methylcoumgrin-6-butyrate :

The mixture of ethyl@?-hydroxyahumethylconmarin~
6-butyrate (2,9 g. § 0.01 M ), scetic anhydride (5.1 ml. 3
0.05 M ) and freshly fused sodium acetate (2.0 g.) was
refluxed for 1 hour. The product obtained on working up

as usual was crystallised from acetic acld in shining

37
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o H
needles, m,p. 124 , Yield 2,5 g,

Anglysigs @ Found s C,64.48 5 H,5.77 %,
CygH200¢ requires : C,65,00 § H,6.00 %.

7~szrogz-h~phenxlcoumarinp6—butxgic écid and its
- .

ethyl Ester :

¥Y-(2,4-Dihydroxyphenyl) butyrie acid (1.96 g. 3
0.01 M ) was mixed with ethyl benzoylacetate (1.92 g. 3
0.01 M ), Concentrated sulphuric acid (80 4 3 8 ml,) was
then slowly added to the above cold mixture and left
overnight., Next day thg\mixture was added to the ice
water and treatéd with bicarboﬁate solution, The filtrate
on acidification gave 7-hydroxy-Y-phenylcoumarin-é-butyric
acid which wds crystallised from ethanol in rosy plates,

[o] . .
m.p. 235 , Yield 1.5 g.

¢,70.39 § H,4,72 4,
c,70.36 § H,4,98 4,

Mnalysis ¢+ Found

»”»

L]

Cy19H1¢0g requires

Ethyly7-hydroxy-t-phenylcoumarin-6-butyrate :

In the above Pechmann condensation, the bicarbonate
insoluble product'was washed with water,dried and
crystallised from ethanol in shining plates,m.p. 1560.

Yield 0,0% g,

Analysis ¢ Found : C,72,20 3 H,5.63 %
C24H2005 requires ¢ C,71.90 3 H,5.69 %



: ’, o
7-Hydrow—h-me13hylcoumarin-6-bu1;yrie E‘cid and its
J 7
Methxl gster @

Y—(Z,M~Dihydroxypheny1) butyrie acid (1.96 g. 3
0.01 M) was mixed with methyl acetoacétate (1.1 g, 3
0.01 M) and concentrated sulphuric acid (80 4 3 8 ml,)
was added dropwlse keeping the reaction mixture in cold
condition, Tt was left overnight and worked up as above .
7-Hydroxy-lmethyleoumarin-6-butyric acid was crystallised
from ethyl alcohol in colourless crystals, m,p. 2300.
Yield 1.5 g ‘

Methyl47-hydroxy-lt-methylcoumarin-b-butyrate :
77 . .

In the Pechmann condensation of ¥-(2,4-dihydroxy-
phenyl) butyric acid with methyl acetoacetate, the
biearbonate insocluble product was washed with water and

0
erystallised from ethanol in shining plates,m.p,15% ,

C,65.57 3 H,5.90 %,
CqsHy 405 requires : C,65,21 ;3 H,5.8% %,

Analysis s+ Found

.

Methyl#7-methoxy-l-methylcounarin-6é-butyrate :
)

7-Hydroxy-l-methyleoumarin-é-butyric acid
(2,62 g, 3 0,01 M) was mixed with dry acetone (60 ml,),
anhydrous potassium carbonate (5.5 g. § 0.04% M), dimekhyl
sulphate (2,5 g, 3§ 0.02 M) and refluxed on a water bath
for 6 to 7 hours. The residue on evaporation of the acetone
was washed with dilute sodium hydroxide solution and

: 0
erystallised from alcohol in colourless plates, m,p.118,

39
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Yield 1.8 gz,

Anglysig ¢ Found

*»

C,66.,45 3 H,6.21 %,
C1¢Hyg05 requires ¢ C,66,19 3 H,6,25 %,

7-Methoxy-lt-methylecoumarin-b-butyric acid :

Methyl—7—methoxy;h-méthylcoumarin-6-butyrate
(1 g.) was hydrolysed with sodium hydroxide solution
(6 %4 3 25 m1,) by keeping the reaction mixture overnight
at the room temperature, Next day it was filtered,
acidified and erystallised from dilute ethanol in shining
needles, m,p. 176”;‘ Yield 0.5 g.
Anglysis s Found  : C,65.48 ; H,5.85 %,
H,5.84 4.

e

CesH1 605 requires @ 0,65.21

fald

7-Methoxy-t-methyl-tketocyclohexeno(5' ,6',5,6) coumarin

7-Methoxy-U-methylecoumarin-6-butyric acid (3 g.)
was mixed with phosphorus pentachloride (% g,) and dry
benzene (20 ml,). The mixture was refluxed on a water béth
for 6 to 7 hours. Benzene, phosphorus pentachloride and
volatile matter were removed under vacuum at édQ‘to 700.
Benzene (15 to 20 ml,) was added and the process repeated.
The acild chloride was dissolved in benzene and slowly
added to the mixture of anhydrous aluminium chloride(3 g.)
and dry benzene (40 ml,), keeping the reaction mixture
in??be bath, It was stirred for 2 to 3 hours and ether
(50 ml,) was added with stirring. The organic layer was
washed with hydrochloric acid,sodium bicarbonate solution

and then with potassium hydroxide solution., The evaporation
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of the ether gave 7;methoxyah-methy1—h'4ketocyclohexeno—
(51,61',5,6) coumarin vhieh was crystallised from benzene -
petroleum ether, m.p. 1600. IR spectra showed two bands
in the earbonyl region, viz. 172% em™ !(lactonyl >C=0

group) and 1670 em ! (aromatic ketone ).

Analysis  Found : C,69,56 3 H,5.21 %.
'C|;H|u0u requires 3 C,69.76 3 H,5.42 %,

The same compound described above was also
synthesised by the eyclisation of the acid (1 g.) with
polyphosphoric acid (10 g,) at 170O for 30 minutes. The
mixture was added to ice—water‘filtered and washed with
sodium hydroxide solution, The compound was crystallised
from benzene-petroleum ether, m.p. 1600. Mixed m,p. of
this with the above sampie was not depressed. In both

the methods the yield was poor.

7-Hydroxy-4-methyl-6-propylcoumarin

A mixture of 7-hydroxy-l-methylecoumarin-6-
butyriec acid (1 g.),co;per powder (0,5 g.) and quinoline
(10 ml,) was refluxed on a sand bath for 1 to 2 hours till
the effervecence ceased., The mixbure was filtered hot and
decomposed with ice cold hydrochloric aeid (1l:1). The
separated product was filteped,dried and crystallised
from alcohol in colourless crystals, m,p, 173-60.

The same compound described above was obtained
by Pechmann reaction on propylresoreinol as follows

Respropiophenone was reduced by Clemmensens

method with zine amalgem and hydrochlorie acid to
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Ypropylresoreinol according to Johnson and Hodgef9
hPropylresoreinol (4 g.) was mixed with ethyl. +-
acetoacetate (ﬁ g.) and econcentrated sulphuric acid
(80 % 3 16 m1,) was slowly added to the above cooled
reaction mixture, It was left overnight and the product
obtained on working up as usual erystallised from acetic

- 0 .
acid in colourless erystals, m.,p. 173 . Mixed m,p. with

the above compound was not depressed.

Analysis : Found + C,71,60 3 H,6,29 %,
013H1u03 I’equires H 0,7105’4‘ 3 H’60‘+7 %0

7-Methoxy-6-propyl-t-methylcoumarin :

& mixture of 7-hydroxy-t-methyl-6-propylcoumarin
(2,18 g. 3 0,01 M ),dimethylfsulphate (1,26 g. 3 0.01 M),
anhydrous potassium carbonate (2.4 g, 5 0,02 M ) was
refluxed in boiling acetone for 4 to 5 hours. Acetone
was evaporated and thg compound was washed with alkall
and crystallised from alcohol in shining needles, m.p.
171°. vield 0.7 g3
Analysis ¥ Found + C,71,90 3 ﬁ,?.OO /A

CiuHq 40y . requires ¢ C,72.39 3 H,6.9% %.

Ll 4

(b)  Synthesis of 4-methyl-U'-ketocyclohexeno(5',6',5,6)

benzo(h) coumarin

Suecinoylation of o-naphthol
Av
8-1-(4-Hydroxynaphthoyl) propionic acid :

o~-Naphthol (144 g, 3 0,01 M ) and succinic
anhydride (12 g. 3 0,12 M ) were mixed together with dry



nitrobenzene (20 ml,). Anhydrous aluminium chloride

(26.8 g. 3 0,2 M) dissolved in nitrobenzene was added
slowly with stirring to the above cold mixture and was
left for 15 hours at room temperature under dry condition.,
The mixture was then decomposed by ice cold hydrochlorie
acid (1:1) and steam distilled to remove the nitrobenzene,
The paste obtained, was taken in bicarbonate solution,
filtered and acidified, The yellow compound was
erystallised from hot water in shining erystals, m.p.
2300. Yield 5.5 g. It developed green colouration with

alcoholic ferric chloride solution,

Malysig + Found : C,68.73 3 H,M, 94 4.
CyuHy20y requires : C,68,8% 3 H,4.95 7.

Clemnensens Beduction of 8-1-(%-Hydroxymaphthoyl)
Bropionic @%gid :
¥~1-(4-Hydroxynaphthyl) butyric acid :

B-1-(4-Hydroxynaphthoyl) propionic acid (10 g.)
was mixed with dioxan (10 ml.), water (15 ml,) and

concentrated hydrochlorie acid (50 ml.). The mixture was
boiled and zinc amalgam (20 g.) was added at some
intervals and the refluxggéfwas continued for 15 hours.
After evéry 5 héurs interval concentrated hydrochlorie
acid (5 ml, ) was added., The solution was cooled, ether
extracted and the paste obtained after evaporation of
the ether was crystallised from hot water in shining
erystals, m,p, lhho.’Yield 3.% g. It gave violet
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colouration with aleoholie ferrie chloride solution,

Analysis ¢ Found + C,72,71 3 H,6,17 %.
CyyHiy 04 requires ¢ C,73.02 3 H,6.13 %,

Y-Methyl-7,8-benzocoumarin-6-butyric Beid :

¥=l-(4-Hydroxynaphthyl) butyric acid (2,30 g. ;
0.01 M) was‘mixed with ethyl acetoacetate (1.3 g. 3
0.01 M) and to the cooled solution econcentrated
sulphuric acid (80 % § 15 ml,) was slowly added. Next
day the mixture was decomposed with ice-water and treated
with bicarbonate solution and filtered. The filtrate on
acidiflcation gave the above product’which crystallised
from acetic aeid in colourless crystals, m,p. 2070.
Yield 0.5 g.
 Inglysis : Found s C,72.91 5 H,5.66 %.
Ci18Hy 60y requires : €,72,90 3 H,5.M% %,

'
Ethylghjﬁethyl~7.8-benzocoum§;in—6-butyrate :

| In the above Pechmann reaction,the bicarbonate
insoluble prodqct was washed with water,dried and
erystallised from acetic aeid in colourless needles,

m,p. 1300. Yield 0,1 g. The same ester was also
synthesised by refluxing the mixture of the acid (2.0 g.),
ethanol (5 ml;j and concentrated sulphuric acid (925 mi.)
on a low flame for 2-3 hours. The mixture was cooled and
theggggégzgwggbarated was crystallised from acetic acid,
M.p and mixed m.p. was 130 . "
Anglysis + Found c,73.98 3 H,5.98 %.

C20H200y requires : C,7%,05 3 H,622é %

T e
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EyMethyl-%'-ketocyqldhexeno(5'.6'.5,6)benzoggl

coumarin ¢

Y-Methyl-7,8-benzocoumarin-6-butyric acid
(0.5 g.) was eyclised by heating it with polyphosphoric
acid (5 g.) at 160G for 30 minutes. The mixture was -
decomposed in ice water, filtpred and washed with
bicarbonate solutioni The compound was crystallised from
glacial acetic acid in yellow shining needles. M,p. 2200;
Yield 0.1 g. IR spectra showed two bands in the

. 1
carbonyl region, viz. 1724 em  (lactonyl >C=0 group)

-4
and 1680 em (aromatic ketone).

-
~

inalysis : Found : C,77.72 § H,5.08 %.
C18H1u0, requires : C,77.69 3 H,5.03 %.

(e) Synthesis of h:ghenylcxglohexeno(h)coumarin

i
°%

Reduction of g¢-naphthol with sodium and amyl alcohol :

Ar-tetrahydro-l-naphthol @

It was prepared by reducing a-naphthol with
sodium and amyl aleohol according to Eug.Bamberger and
F".’Brodt.a3 The reduced product (1.“8 g. 3§ 0,01 M) was
mixed with ethyl benzoylacetate (1.3 g. 3 0.01 M) and
to the cooled mixture econcentrated sulphuric acid (80 % j
6 ml.) was added slowly with shaking. It was then left
overnight at the room temperature and decomposed in
ice water, The erude product was washed with dilute
sodium hydfoxide solution and erystallised from aleochol

in greenish shining erystals. M,p. 1510.
Malysis $+ Found - : C,82,30 3 H,5.89 %,

C1oHy 402 requires ¢ C,82,56 3 H,5.83 %.



REFERENCES

1. E,Spath, Ber.dtsch.chem,Ges., 704, 83 (1937)
Mh.Chem,, 69, 75 (1936).

2, F,M,Dean, Progr.Chem,org.nat.Prod., 9, 225 (1952),

3. P.X,Bose, J.Indian Chem.Soc,, 35, 367 (1958).

4, H.Lutzmann, Ber.dtschwchems—CGes., 73, 632 (1940),

5. £,Stoll, A, Pereira, and J.Renz, Helv.chim.acta/,
33, 1637 (1950).,

6. (a) D,F.Downing, Quart.Rev.(London), 16, 133 (1962),
(b) D, F,Downing in "Psychopharmacological Agents™,
Vol, 1, M,Gordon,Ed,, Academic Press Inc.,

New York, N.Y., 1962,pp.585-607,
7. R.Adams,Harvey Lectures, 37, 168 (1941),
8. AR, Todd, Experientia, 2, 55 (L946),
9. R.Ghosh, A.,R,Todd,and S,Wilkinson, J.,Chem.Soc,
1121, 1393 (19%0),
10, R.Adams, B,R.Baker, and R,B.Wearn, I}%@e?;Chem.Soc.;
62, 2204 (1940),
11, Y.Gaoni, and R.Mechoulam, J.Am.Chem.Soc., 86, 1646 (1964),
12, F.Santavy,Acta Univ.Palacki;ﬁae Olomue,, Fac.Med.,
39, 59 (196%) 3 C,A., 62, %057 (1965),
13. (a) X,E,Fahrenholtz, M,Iurie, and R,W,Kierstead,
| 7. amsChem, Soc,, 88, 2079 (1966),
(b) K,E,Fahrenholtz, M,lurie, and R.W.Kierstead,
J,Amf;?)hera.Soc., 89, 5936 (1967).
1%, A, Robertson, and T.S,Subramaniam, J.Chem,Soc.,
286, 1545 (1937).

46



47

15, J.Polonsky, Buli;Séc.cimim.Fr., 541 (195%) 3 91(1956) ;
1079 (1957).

16, H,Raistrick, C.E.Stickings, and R.Thomas, Biochem.J.
55, %21 (1953).

17. E.Lederer, J.Chem,Soc.,, 2115 (1949),

18, H.X.Sen, and U,P,Basu, J.,Indian Chem.Soc., 5,
467-76 (1928),

19. S.Jacobson, and B,Ghosh, J.Chem.Soc., 107, 424-3%4
(1915) 3 C.a. 9, 2222, 2762,

20, A.Sonn, Ber, 51, 821-7 (1918) 3 C.A, 13, 582,1473 (1919).

21, R,D,Desai, and V,H,Shroff, J.,Univ,Bombay 10, pt.3,
97-8 (1941) 3 C.A. 36, 3795 (1942),

22, Julius Von Broun, Ernst Anton, and Fardinand Meyer,
Ber., 7% B, 1772 (1941).

23. R.D.Desal, and F,Figueredo, Proc.Indian Acad.Seci.,
14, 605 (1941).

2’+.i,\,"Fries and'jKlostermann , Ann,, 1908, 362, 1 ;/;\Frlies and

DvVolx, am., 19011, 379, 90.

25, {?Perkin, J.Chen.Soc,, 24, 37,43,53,

/\,\:\;

26, K.W,Rosenmund, F,Zymalkowski, and P.Engles., Chem,
Ber., 8%, 711-18 (1951),

27, R,C,Shah, S,M,Sethna, B.C.Banerjee and D,Chakravarti,
J.Indian Chem.Soc., ;}_‘-, 717 (1937).

28, W.S,Johnson, and H.J.Glenn, J.Amer,.,Chem,Soc.,
7L, 1092 (1949),

29, T’;'B.Johnson,\ and W.W.Hodge., J.Amer.Chem,Soc.,
35, 101423,



30. T.Nakabayasi, C.A. 5I, 14709 (1957).

31. R.D.D_esai,anci V.H.,Shroff., J.Univ.Bombay, 10, pt.3,
97-8 (1941).

32, L,Ruzicka, and H.Waldmann., Helv, Chim, Acta.,, 157,
907-1% (1932)3 C.A. 26, 4596 (1932).

33. Bug,Bamberger,and F,Brodt,, Ber., 23, 215 (1890).

43



