CHAPTR II

REACTIONS ON 7—HYDROXY~3,1+:(\IYCLOHEXENOCOUMARIN




Reactions on 7-hydroxy-3,4-cyclohexenocoumarin

‘ Dieckmann. in 1907, condensed resorcinol (1)
with eyclic-8-ketonic estérs and assumed the formation
of benzo-g-pyrones (2) in this reaction . Sen and Basu2
studied the above reaction by taking different phenols
and obtained the corresponding benzo-ge-pyrones using

concentrated sulphuriec acid as condensing agent,

COOG, He ‘
+ _—
HO OH H
(1)

3 .
Desal and coworkers condensed resacetophenone

[o}

with ethylé%yclohexanone-2—carboxy1ate, ethyl?hﬂand B
methyli?cyelohexanone—?—carboxylate and ethyl trans-p-
decalone-3~-carboxylate in the presence of phosphorus
oxychloride and obtained 7-hydroxy-6-acetyl derivatives
of cyelohexeno-and octalino-coumarins, They also
condensed various dihydrie and trihydric phenols with
ethylfcyclohexanone—2~carboxylate in the presence of
aluminium chloride or concentrated sulphuric acid.
Ahmad and Desaik studied the effeet of the
cyclohexeno group in the 3,%-positions of the coumarin
ring. Thus mercuration of 7-hydroxy cyclohexeno(1l',2!',4,3)

coumarin with mercuric acetate gave a 6,8,x-triacetoxy
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mercury derivative. In a similar manner 5,7-dihydroxy
cyelohexeno(1',2',4,3) coumarin and 5-hydroxy-7-methyl-
cyclohexeno(1',2',4,3) coumarin were mercurated. In all
the cases, triacetoxy mercur%{derivatives were obtained.
Two of the mercurie acetate groups occupy the 6- and
8-positions while the actual position of the third group
was unknown, -

So far, there is no report regarding the
reactivity of 7-hydroxy—3,M-cyclohexenocoumarin and_its
derivatives. It was thought of interest to study the
pattern of substitution in 7-hydroxy-3,-cyclohexeno-
coumarin derivatives. The/reactivity of the compound is
expected to be similar with that of 7-hydroxyecoumarin
derivatives and hence a brief outline of the reactions

: o? 7-hydroxycoumarin derivatives is deseribed here,

5
Bromination : Fries and Lindemann obtained a mono bromo

derivativer from 7-hydroxy-t-methylcoumarin which they
claimed to be the 8-bromo derivative, This was 1a§ﬁer
disproved by Dalvi and Sethna6 who found this compound
to be the 3-bromo derivative, They also carried out the
bromination of 7-hydroxy-l-methylcoumarin with two *:
molecules of bromine and obtained the 3:6-~ and the 3:8-
dibromo compound, the former being in preponderating

yield .

7
Formylation : Pailer obtained the 8-formyl-?7-hydroxy-
coumarin from 7-hydroxycoumarin by using 35h¢ hexamethylene
8
tetramine. Similarly Rangaswaml and Seshadri obtained the
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8~formyl derivative from 7-hydroxy-h-methylcoumarﬁh The - &E
structure of the formyl derivative was proved by i:“ ~ JQ§,

converting it into 7-hydroxy-l,8-dimethylecoumarin whicﬁﬂwézhxxff/

was prepared from 2-methyl resorcinol.

Fries mlgration and Friedel—Crafth reaction : Thakor
and Shah studied Fries migration of 7-acetoxy- and

7-benzoyloxy-t-methyleoumarin and obtained the corresponding
8-acyl derivatives. Only traces of the 6-isomers were

also obtained. Parikh and Thakor'o studied the Friedel
Craft®s acetylation and benzoylation of 7-hydroxy-lL-
meth&;;oumarin and obtained corresponding 8-aeyl
derivatives.

11
Mannich reaction : Gupta et al, prepared Mannich bases

from 7-hydroxy-and 7-hydroxy-~methyleoumarin and found
" .
them to be powerful stimulants ef nervous and respiratory

systems,
12 Be
Desai  studied;Mannich reaction on 7-hydroxy-

coumarins with several amines. He isolated the oxazino

derivatives in cases where primary amines were used.

13,14
Sethng and coworkers ~ 'have also studied this

Teaction on a number of coumarin derivatives such as
6-hydroxx£ 7-hydr6xiiand 8—hydroxééoumarin and obtained
the Mannich bases where secondary amines were used and
the oxazinocoumarins such as (3) where primary amines

such as benzylamine and aniline were used. The oxazino
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derivatives were decomposed with dllute hydrochloric acid
and the Mannich bases (4) obtained. The Mannieh bases
were converted into the corresponding formyl derivatives (5)

by Sommelet reaction;

R R
N XY . AN
4o HO
CH,NHR ‘ HO
\ (3) (%) (5)

R =H or CHs,

R' = CHaC¢Hgy CgHy ete.

: 's
Pechmann reaction : Sen and Chakravarti  condensed

7-hydroxycoumarin and 7-hydroxy-i-methylcoumarin with

malie acid in the presence of sulphuric acid and obtained
coumarino-7,8-e-pyrone and Y-methylecoumarino-7,8-a-

pyrone (8), They, however, did not prove the structures

of the coumarino-g-pyrones formed. Rangaswami and

Seshadrii§ showed that when 7-hydroxycoumarin is condensed
with malie acid both the angular and the linear coumarino-c-
pyrones are formed but the latter is obtained in poor
yield., Under the same experimental conditions 7-hydroxy-
4-methyleoumarin (6) gives only the angular coumarino-g-

pyrone (8), They proved the structure of coumarino-7,8-
a-pyrone by its synthesis from 7-hydroxy-8-formyl-

Ve :

coumarin by,Perkin reaction. In a similar way the



constitution of Y-methyleoumarino-7,8-ce-pyrone was
e Ao BT ot iy,

also proved, which was prepared from 7-hydroxy-8-formyl-

Yomethyleoumarin (7).

wali'e acid

Kostanecki-Robinson acylation of 7-hydroxy=-8=and

-6-acyleoumgrin :+ Desal and Hamid' ' carried out the
Kostanecki-Robingon acetylation of 7—ﬁydroxy—6~acety1n
and 7-hydroxy-8-acetyl-k-methylecoumarin and obtained
4, 2'-dimethyl-3*-acetylcoumarino-7,6-Y-pyrone (9) and
4,2'~dimethyl-3'-acetylecoumarino-7,8-y-pyrone (10)

)
v

respectively.
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Shah and Contractor ~ similarly carried out
the Kostanecki-Robinson acylation of 7-hydroxy-8-
propionyl and 7-hydroxy-8-butyrylecoumarin and assigned
the 4'-ethylecoumarino-7,8-e-pyrone (11) and '-propyl-
coumarino-7,8~aq-pyrone (1E§ﬁ:t;§:?§régiﬁo,the products

obtained,

Cl“ s
(11) (12)

to
Claisen Rearrangement : Baker and Lothian = studied the

Claisen rearrangement of 7-allyloxy-'methylcoumarin (13)

and obtained 7-hydroxy-8-allyl-—methylcoumarin(li),

CH3
' HO lillmlliilb
. Aﬂy'
(13) (1%)

Furocoumaring : This subject is described in detallg
in the III rd chapter " Coumarino-g-pyrones and

Farocoumarins ",

The present work deals with the reactions on

7-hydroxy-3,4-cyclohexenocoumarin and the study of its
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Pattern of substitution,

Synthesis of 7-hydroxy-3,4-cyclohexenocoumarin : *

The compound was obtained in purer and good
yield by the revised method of Sen and Basﬁi Resoréinol
and ethylscyclohexanone-2-carboxylate were mixed slowly
with concentrated sulphuric acid and the mixture, after

wh

two hours, was worked out as usual, The yield of

7-hydroxy-3,#-cyclohexenocoumarin was almost quantitative,

Bromination of 7-hydroxy-3,%-cyclohexenocoumarin :

7—Hydroxy;3,Hucyclqgexenocoumarin on bromingtion
with one mole of bromine gavéig-bromo derivative (15).
The strueture of 7-hydroxy-8-bromo-3,4-cyclohexenocoumarin
was proved by its synthesis from 2-bromoresorcinol(16)
and ethylﬁcyclohexanone-zmcarboxylate in the presence of
concentrated sulphuric acid, Both the compounds were

Ffound to be identical.

-~ X By, in HAT R ‘
One maole -
HOT XY HO A0
Br |
Bry in H?'E (1
two mels, CoOOGHSs
o]
+Con. H:504
HO A

By BY
17) (16)
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With two molés of bromine, 7-hydroxy-3,4-
cyclohexenocoumarin gave 7-hydroxy-6,8-dibromo-3,h
cyclohexenocoumarin (17), which was~%é§5§§§% with the
dibromo derivative obtained by further bromination of

7-hydroxy-8-bromo-3,4-cyciohexenocoumarin,
Formylation of 7-hydroxy=-3,4-cyelohexenocoumarin
by Duff's method : 7-Hydroxy-8-formyl-3,4-cyclohexeno-

coumaTin (18)

7-Hydroxy-3,4%-cyclohexenocoumarin when treated
with hexamethylené tetramine gave 7-hydroxy-8-formyl-
3,k-cyclohexenocoumarin (18), the structure of which
was proved by NMR spectra (Table I) which showed ortho-
splitting of the aromatic protons of position § and 6,
thus indicating that the formyl group is in the 8-position
and not in the 6-position.

N hexam ine,
gcetic acid 7

HO

(18)

Friegs migration of 7-acetoxy-3,'t-cyclohexenocoumarin
7-3ydroxy=8-acetyl=and 7-hydroxy-6-acetyl-3,.-cyclo-
hexenocoumarin £ 20, 21 ) :

7-Acetoxy-3,-cyclohexenocoumarin (19) on Fries

migration with anhydrous aluminium chloride gave
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7-hydroxy-8-acetyl=(20) and 7-hydroxy-6-acetyl-3,
cyclohexenocoumarin (21). The structures of both isomers
were established by their individual synthesis, Desal
gE%Q},ZO carried out the above reaction and obtained
only 7-hydroxy-8-acetyl-3,k-cyclohexenocounarin, In
Fries migration of 7-acetoxy-lmethylecoumarin the yield.
of 7-hydroxy-6-acetyl-l-methyleoumarin was in traces but
in the above case, the yield of 7-hydroxy-6-acetyl-3,4-

eyclohexenocoumarin was comparatively better.

7-Hydroxy-8-acetyl-3,%cyclohexenocoumarin
was syntheslised by the condensation of 2-acetylresorcinol
and ethylgcyelohexanone-2-carboxylate in the presence of
concentrated sulphuric acid, Similarly, the known

7-hydroxy-6-acetyl-3,cyclohexenocoumarin was synthesised

CHyCo ||
—_— +
Ho oD Ho O~"0

COCHs
(19) (20) (21)

Con H.S0Y Poc<ig ,
“ bengene

GH:SCD\
' Ho “oH H i

COCH;

a8



23

by the condensstion of resascetophenone and ethylg,

cyclohéxanoneaa-carboxylate in the presence of phosphorus

21
oxychloride and benzene according to Desail et al.

piz o dnd
Mixed m.pts.of the above isomers with the/compounds

obtained by independent synthesis were not depressed,

Synthesis of ll-methyl-2H-furo(2,3-h)=3,%-cyclo-

hexenobenzopyran-2-one (24)

7-Hydroxy-8-acetyl-3,4-cyclohexenocoumarin (20)
was condensed with ethy%bromOacetate in boiling acetone
in the presence of anhydrous potassium carbonate when
ethyls8-acetyl-3,%-cyclohexeno~7-coumarinyloxyacetate(22)
was obtained. The ester on hydrolysis with dilute sodium
hydroxide solution gave 8-acetyl-3,cyclohexeno-7-

coumarinyloxyacetic acld (23)., The eyelisation of this

By CH, COO G Hs

o

Me,co b
GHOOCCHO o0

COCH CQCHB
(22)
(20)
NaoH
< Na04C, Ac;0 ‘
HOOCCHO A0

COCHa

(23)
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acid with acetic anhydride and freshly fused sodium
acetate gave 1ll-methyl-2H-furo(2,3-h)-3,k-cyclohexeno-
benzopyran-2-one (24),

Synthesgis of 8-methyl-2H-furo(3,2-g)-3,4-cyclo-

hexenobenzopyran-2-one (27) :

7-Hydroxy-6-acetyl-3,t-cyclohexenocoumarin (21)
on a similar condensation with ethyé%romoacetate,
anhydrous potassium carbonate and acetone gave ethyly,
f-acetyl-3,4%-cyclohexeno~7-coumarinyloxyacetate (25)
vhich on hydrolysis with alkali afforded 6-acetyl-3,-
eyelohexeno-7-coumarinyloxyacetic acid (26). The

cyclisation of the acid was affected by refluxing it

ByeH, cooc, Hy
Me,co

crgc()

L

>
2 1,004
GHooCCHO

NaOH




with acetie anhydride and freshly fused sodium acetate.
Simul taneous decarboxylation and ring closure took
place and 8-methyl-2H-furo(3,2-g)-3,kcyelohexenc-

bengzopyran-2-one (27) was obtained,

Synthesis of 10-methyl-furo(2,3-h)-3,4%-benzo~

coumarin (31)

The Claisen rearrangement has proved very useful

in getting the intermediates Tor the synthesés of furo-
coumaring, 7-Allyloxy-+-methylcoumarin on Claisen
rearrangement gava 8—a11y1=7-hvaroxy~4-mebqylﬁoumdrlnzf
Similarly 7-hydroxy-3,i-cyclohexenocoumarin was ;ngégm
for the synthesis of {(31) as follows.
P-Hydroxy-3,-cyelohexenocounarin was refluxed
with ally#bromide and anhydrous potassium carbonate in
acetone where 7-211vloxy-3,%-cyelohexenocoumarin (28)
was obtained. The Claisen rearrangement of the above
allyl ether was carried out by refluxing it with
dimefhylaniline. The produet is assigned 7-hydroxy-8-
allyi-3,k-evelohexenocoumarin structure (29) on the
basis of the analogy with allyl migration of 7-allyloxy-
Yomethyleoumarin derivative., It is further confirmed
by NMR spectra (Table II) which showed ortho-splitting
of the aromatic protons of position 5 and 6., This

proved that the allyl wigration has btaken place in
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adlyl bromide

KaCos r
N, CO CHECHCHO

(28)

dimekbhylaniline

Pd-c
diphenyl ether

HzCi"f:CHz

(29)



64

thie 8-position and not in the 6-position, On trifuratingé;
7-hydroxy-8-2allyl-3,t-cyclohexenocoumarin with

concentriated sulphuric acid for five minutes,Ait

eyclised to 10-methy1—2H;lO,ll-dihydro~furo(2,3-h)-3,h— g
eyclohexeno-benzopyran-2-one (30) in good yield. The \
product was sufficiently pure for the further reaction,
Earlier method‘g.a3 of cyclisation?%—allyl phenols to
benzopyran derivatives by hydrobromic acid or pyridine
by@rochloride givels poor yield% and sometimes requires

vacuum sublimation, Thus this method of cyclisation

with concentrated sulphuric acid has got'distinct f;ﬁ%r.
‘ A o
advantages over the hydrobromic acid or pyridine ,/,.§>nn wwjﬁﬁﬁ
e e « i

~,

s 5
hydrochloride method, fgg;w;ompoun Qwas/then dehydrogenated

S
by refluxing it with diphenyl ether in the presénce of
palladised charcoal (5 %) to 10-methyl-2H-furo(2,3-h)-
3,%benzo-benzopyran-2-cne (31). Dehydrogenation of

oEcrtrrral
cyclohexene ring also took place simultaneously.

_Mannich reaction on ?-hydroxy;a,Hbcyclohexeno-

coumarin with formalin and piperidine :

The Mannich reaction has proved to be an
important tool in the field of synthetic organic
chemistry. The resulting products of the Mannieh reaction
mazy be further transforméd inte a variety of compounds,
Some of the Mannich bases and thelr reduction products

have proved to be important medicinal agents,



(=1
o

\

Piperichne -
HO A0 formc«hq o D
5]
[5 (32)

hexamine
acelie acif

(18)

A

h Ay} e
7. cebi e acid

HO
Hy

d~_ (33)



7-Hydroxy-3,k-cyclohexenocoumarin, formaldehyde
and piperidine in equimoiecular quantities gave a product
to which 7-hydroxy-8-piperidinomethyl-3,4-cyclohexeno~
coumarin (32) structure has been assigned because on
treatment with hexamethylenetetramine it gave 7-hydroxy-
8-formyl-3,i-cyclohexenocoumarin (18), This was identiecal
with the compound obtained by the direct formylation
of 7-hydroxy-3,t-cyclohexenoccoumarin with hexamethylene-

tetramine and acetic acid,

Mannich regetion on 7-hydroxy-3,4-cyclohexeno-

coumarin with f&rmalin and morpholin :

7-Hydroxy-3 ,k-cyclohexenocoumarin on similar
reaction with morpholin and formalin gave 7-hydroxy-8-
morpholinomethyl-3,4-cyclohexenocoumarin (33). This
on Sommelet reaction with hexamine and acetic acid
gave the above 7-hydroxy-8-formyl-3,4-cyclohexeno-

coumarin,

Pechmann reaction of 7-hydroxy-3,4-cyclohexeno-

coumarin with malic acld -

7~Hydroxyaé,hucyclohexenocoumarin on
condensation with malic acid in the presenée of
concentrated sulphurie acid furnished the compound to
wvhich 2H,10H-pyrano(2,3-h)-3,4-cyclohexenobenzopyran-~
2,10-dione (34) structure was assigned. on the basis
of the analogy with compounds obtained by Pechmann
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condensation of malic acid with 7-hydroxyéoumar1n
derivatives. As the compound was insolutble in common

organic solvents, NMR spectra could not be recorded.

N

HoO

Kostanecki-Robinson acetylation on 7-hydroxy-8-
acetyl-3,4-cyclohexenocoumarin : 10-Methyl-1l-acetyl-

2H-12H-pyrano(2,3-h)-3,=cyclohexenobenzopyran=2,12-
dione (39) : '

7-Hydroxy-8-acetyl-3,4-cyclohexenocoumarin
on Kostanecki~-Robinson acetylation with sodiug acetate
and acetic anhydride gave a product which was insoluble
in ecold dilute glkali and did not give alcoholic ferrie

ehloride colouration. On the basis of these properties




and the analytiecal résults it has been assigned the
10-methyl-1l-acetyl-2H-12H-pyrano(2,3-h)-3,4%cyclo-
hexenobenzopyran-2,12-dione (35)structure, This is
further proved“by taking its i.r.spectra,

‘Condensation of 7-hydroxy-8-acetyl-3 4-cyclohexeno-

coumarin with ethygghloroformate 2

7-Hydroxyh8-acetyl-3,hbcyclohexenocoumarin on
refluxi%g with ethy%bhloroformate in dry acetone and
anhydrous potassium carbonate gave the coﬁpound which
was found to be insoluble in bicarbonate and alkali
solution and was given the structure ethy1§8—acet&l-
3,-cyclohexeno-7-coumarinyloxy<siformate (36) on the

basis of the analytical results,

‘ ei—ﬂ,l ch ioa'o(ormafg
Kk, CO. ¢
HO 7 ® >3 GH 0o0co

e, co
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Attempied cvelisation of ethvl#ﬁfacety1-3&%:

cyclohexeno-7-coumarinyloxyformate (36) to M'-hydroxy-

a-pyTono(5t,6',7,8)-3,4cyclohexenocoumarin (36 A). -

The above ester (36) was refluxed in the presence
of anhydrous potassium carbonate in toluene fof?iong time,
The product could not be con?enéed even after r;fluxing
for long time, On working oﬁ%fﬁhe regction mixture it was
found to be the mixture of 7—hyd;0xy~8~acetyl-3,hucyclo-

hexenocoumsrin and 8-acetyl-3,ecyclohexeno-7-coumarinylozy

formic acid (37).

/ N
>
g;,"[s Pl ole] O.. /

COCH__)

r H
(36) , (364)

Catalytic dehydrogenation of 7-hydroxy-3,4-cyclohexeng-

A ]

coumarin to 7-hydroxy-3,4-benzocoumarin

7-Hydroxy-3,t-cyclohexenocoumarin on
dehydrogenation with palladium charcoal and diphenyl

ether gave the known 7-hydroxy-3,%-benzocoumarin (38)
A {rtins , ‘
which was prepared by the condensation of resorcinol

2y
and ortho bromobenzoic acid .

Pd /e > -

d:’f’her;yl ether

HO X o0
(38)



EXPERIMENTAL

7-Hydroxy-3,4-cyclohexenocoumarin :

Resorcinol (1.2 g.) and ethylgcyclohexanone-2-
carvoxylate (2 g.) were intimately mixed and the mixture
was slowly treated with concentrated sulphuric acid (6 ml.)
allowing the temperature to rise slowly. The flask was
shgken after each addition. After two hours the deep red
solution was poured over ice. The compound was crystallised
from dilute aleohol, m.p.A2020. The yield was theoretical.
It was soluble in dilute alkali or sodium carbonate
solution and did not gilve colouration with gleoholic

ferric chloride solution,

Bromination of 7-hydroxy-3,%-cyelohexenocoumarin

7-Hydroxy-8-bromo-3,-cyclohexenocoumarin

7-Hydroxy-3,-eyclohexenocoumarin (2.16 g. 3
0,01 M) was dissolved in acetic acid by wamming and to
this solution bromine in acetic acid (10 %4 3 16 ml, 3
0.01 M) was added. The mixture was left overnight at
room temperature, The solid whieh separated out was
erystallised from dilute acetic acid in colourless needles,

(4]
m.p. 238 , Yield 2 g.

Anglysis ¢ Found

(1)

Br, 27.61 %.
013}{1103]31' requires H BI’, 27,12 %.

The above compound was also prepared as follows :

To a mixture of 2-bromoresorcinol (1.9 g. 3 0.01 M ) and



ethylacyeclohexanone-2~carboxylate (2,03 g. 3 0.012 M),
sulphuric acid (80 % 3 10 ml,) was slowly added. The
reaction mixture was allowed to stand overnight at the
room temperature. The solid which separated on pouring
- the reaction mixture over crushed ice, was purlfied
through sodium hydroxide solution, It crystallised from
acetic acid in colourless needles, m.p. 238-%00. Yield

1.8 g. Mixed m,p. with the above compound was not depressed.

7-Hydroxy-6,8-dibromo-3,-cyclohexenocoumarin :

7-Hydroxy-3 ,-cyclohexenocoumarin (0,216 g, 3
0,001 M) was dissolved in scetic acid by warming . Bromine

in acetlc acid (10 % 3 6,4 ml 3 0,004 M ) was added g

slowly with shaking, The reaction mixture was then heatedafh:

on 'a steam bath for 4 hours. The product which separatéd b
on keeping the reaction mixture overnight, was
crystallised from acetic acid in colourless needles,

o ,
m.,p. 218 . Yield 0.2 g.

-

BI‘, )+2075 %0
Br, 42,78 4.

fnglysis ¢ Found

Cq 3H1 QOBBI‘Q requires

e

“ae ahThe dibromo compound was also prepared
by further bromination of 7-hydroxy-8-bromo-3,4-cyclo~
hexenocoumarin (1-M) with bromine in acebic acid (& M)

with the above condition, Mixed m,p. with the above

I} . g

v, “_/’u.
e

compound was not depressed. <

. ~

1

;
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Formylation of 7-hydroxy-3,%-cyclohexenocoumarin

7-Hydroxy-8-~formyi-3,4-cyclohexenocoumgrin =

A mixture of 7-hydroxy-3,t-cyclohexenocoumarin
(2,16 g. 5 0,01 M ), hexamethylenetetramine (2.5 g.) and
glacial acetic acid (20 ml,) was gently refluxed on a
sand bath for 5 hours, Dilute hydrochloriec acid (25 ml. j
1:1 ) was then added and the whole reaction mixture was
heated on a steam bath for 2 hours, It was cooted and
extracted with ether, On removal of ether a yellow solid
‘was obtained, This was crystallised from ethanol in
vellow shining plates, m,p. 1720. It gave reddish

colourgtion with slecoholic ferric chloride solution,

Analysis ¢ Found : C,68.55 § H,5.06 7.
CiuHy20y _ requires : C,68.85 3 H,4.91 4, i

Fries migration of 7-acetoxy-3,t-cyelohexenocoumarin

7-Hydroxy-83-acetyl-3,k-cyclohexenocoumarin and 7-hydroxy-

é-acetyl-3,%-cyclohexenocoumarin s

7- Acetoxy-3,k-cyclohexenocoumarin (1.5 g.)
was intimately mixed with anhydrous aluminium chloride
(7.5 g.) and heated at 160" for one hour. It was then
treated with hydrochloric acid (1l:1). The solid obtained
was found to be the mixture of 7-hydroxy-8-scetyl-3,l-
cyclohexenocoumarin and 7-hydroxy-6-acetyl-3,4-

cyelohexenocounarin,

.
.
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The mixture was then taken in minimum quantity
of acetic acid from which 7-hydroxy-6-acetyl-3,k4-
cyclohexenocoumarin was separated. It was crystallised
from acetic acid in colourless needles, m.p. 2370.

Yield 0.3 g. The mother liguor was dilubed and the
product was crystallised from aleohol in ecolourless
needles, m,p. 1710. Yield 0,6 g. This was found to be

7-hydroxy-8-acetyl-3,%-cyclohexenocoumarin,

The above compounds were also synthesised as

follows ¢

2-Acetylresorcinol (1.5 g.) was treated with
ethyl%cyclohexanone—2-carboxy1ate 62 g.) and concentrated
sulphuric acid (6 ml,). On working up the reaction
mixture as usual,gave the 7-hydroxy-8-acetyl-3,%

cyclohexenocoumarin,

Resacetophenone was condensed with Bke above
ester in the presence of phosphorus oxychloride and dry
benzene by refluxing the mixture for 3 hours. 7-Hydroxy-
6~acety1-3,Hucyclohexenocoumarin was extracted in
benzene and was crystgllised from dilute alcohol. Both
the compounds were identical with the isomers isolated

in Fries migration,

Synthesis of ll-methyl-2H-fure(2,3-h}-3,4%-cyclohexeno~

benzopyran-2-one : Ethyla8-acetyl-3,4-cyekohexeno-7-

coumarinyloxvacetate

7-Hydroxy-8-acetyl-3,%-cyclohexenocoumarin

14



(2.58 g, 3 0,01 M),'ethyﬁbromoacetate (1.67 g, 3 0.01 M)
and anhydrous potassium éarbonate (1.38 g. § 0.01 M)
were refluxed in acetone for 8 hours, The product
obtained after evaporation of acetone was washed with
dilute sodium hydroxide solution and crystsllised from

o
acetic acid in colourless needles, m.p. 161 , Yield 1.5 g.

Anglysis Found

.

0,65.80 H H,5078 %0
C19H200¢ requires e 0,66.27 s H,5.81 %

8- Acetyl-3,U-cyclohexeno-7-coumarinyloxyacetic lacid ¢

The above ester (1 g.,) on hydrolysis by warming
it with sodium hydroxide solution (4 % 5 10 ml.) and
leaving overnight gave the product which was purified
with bicarbonate sclution., On acidification it gave
8-acetyl-3,k-cyclohexeno-7-~coumarinyloxyacetic acid
which was crystallised from acetic acid in colourless

0
needles, m.,p, 200 , Yield 0.5 g.

-@m H FOuD.d H 0,6“?.18 ; H,S-O'? %o
CyoHq60¢ requires ¢ C,64.55 3 H,5,06 4.

1l-Methyl-2H8-furo(2,3-h)-13,4-cyelchexenobenzopyran-

2-0ne @

The above acid (3,16 g, 3 0,01 M) was heated
with sodium acetate (1 g. 3 0,01 M) and acetic anhydride
(3ml, 3§ 0,02 M) on a send bath for two hours. The
product, obtgined on pouring the reaction mixture into

ice cold water, was filtered, washed with bicarbonate
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-solution and was erystallised "from acetic acid in

0 .
colourless needles, m.p. 145 , Yield 1.5 g.

Mnalysis : Found

se

C,75025 ; H"5051+ %o
0375¢60 3 H,5.51 %-

C16Hyu0y  Tequires

Synthesis of 8-methyl-2H-furo(3,2-g)-3,%-cyeclo-
hexencbenzopyran-2-one : Ethyl&é-acetyl-3,4—cyclo~

hexeno-7-coumarinyloxyacetate :

7-Hydroxy-6-acetyl-3,k-cyclohexenocoumarin
(2.5 g. 3 0.01 M), ethy];bromoacetate (1.6 g. 3 0.01 M)
and anhydrous potassium carbonate (1.,% g. § 0.01 M)
were refluxed in acetone for 8 hours. The product was
washed with dilute alkall and crystallised from alcohol
in shining plates, m.p. 1330. Yield 1.8 g.

Analysis , Found : C,65.89 5 H,5.64 %,

C19H200¢ requires : C,66.27 3 H,5.85 %.

6-Acetyl-3,U-cyclohexeno-7-coumarinyloxyacetic acids

The above ester (1 g.) on hydrolysis by
warning with sodium hydroxide soclution (% % 3§ 10 ml.)
and leaving oveinight at the room temperature gave the
product which was crystallised from acetic acid_in
colourless crystals, m,p. 2420. Yield 0.7 g.
Analysis  : Found  : C,6%,07 5 H,5.01 %.
CyoH140¢ requires ¢ C,64.55 5 H,5.10 %.
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8-Methyl-2H- furo(3,2-g) -3, 4-cyclohexenobenzo-

DYYan-2-0ne $

6- Acetyl-3,W-cyclohexeno-7-coumarinyloxy-
-acetie aeid (3,16 g. 3 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 saqd bath for 3 hours. The product,
obtained on pouring the reaction mixtgre into ice cold
water, was filtered, washed with bicarbonaste solution
and was crystallised from alecohol in coclourless

0
needles, m,p. 202 , Yield 1.8 g,

*»

Analysis : Found
C16H1u04 requires

C,75.60 5 H,5.46 %.
0,75'57 ; H95055 %0

"

Synthesis of 10-methyl-2H-furo(2,3-h)-3 % benzo~

benzopyran-2-one : 7-A11ytoxy-3,-cyclohexenocoumarin

7-Hydroxy-3,H-cyclohexenocoumarin (1 g.) was
mixed with allylipromide (1 ml,), anhydrous potassium
carbonate (2 g.) and dry acetone (40 ml,). The
reaction mixture was refluxed on a steam bath for
6 hours. The compound obtained after evaporation of
acetone was washed with dilute alkall and crystallised
froﬁ alcohol in silky needles, m.p. 1210. Yield 0.9 g.
C,7%.5% 5 H,5.81 3.
C16Hy 604 requires : C,7%+.98 5 H,6.29 %.

Analysis : Found

e

11



7-Hydroxy-8-allyl-3,4-cyclohexenocoumarin :

7-A11yloxy-3,4-cyclohexenocoumarin (% g.)
was refluxed with dimethylaniline (3 ml,) on a wire
gauze for 6 hours. The mixture was cooled and filtered.
The separated product was washed with petroleum ether,
dried and purified through dilute alkall solution. It
was crystallised from alecohol in shining needles, m.p,

0
19% , Yield 0.6 g,

Analysis ¢ Found ¢ 0,75.08 H H,6.26 %
C16H1 40, requires s C,7%+,98 § H,6.29 %, bray

TS 6n b 26
10-Methyl-2H-10,11-dihydro-furo(2,3-h)-3,4cyelo-

hexenobenzopyran-2-one

7-Hydroxy-8-allyl-3,4-cyclohexenocoumarin (1 g.)
was mixed with concentrated sulphuric acid (2 ml,) with
constant shaking for 10 minutes., The elear reaction
mixture on adding into ice cold water gave gpe alkali
insocluble product which on crystallisation'2§2§‘ethanol

- o
gave colourless crystals, m,p. 167 ., Yield 0.7 g. Ce 12

Analvsis :+ Found : C .30 2 H,6,48 4, S -
——-a‘—.x-...-- ’gg‘%’ b 9 ‘g\' 25;710,,»«‘” S 'IL( {
Cy6Hy 04 requires : C,7%.98 3 H,6.29 %.

Jefl2 v) M L05S S Tufa 2§

10-Methyl-2H-furo(2,3-h)~3,4benzo-benzopyran-2-one :

10-Methyl-2H+10,11-dihydro-furo(2,3-h)-3,4%
cyclohexenobenzopyran-2-one (0.5 g.) was mixed with
diphenyl ether (3 ml,) and palladised charcoal (10 % ;

0.2 g.). The mixture was refluxed for 8 hours and
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filtered hot. On cooling, the crystals were separated,

washed with petroleum ether and crystallised from aleohol
0

in colourless needles, m,p. 222 , Yield 0.2 g.

Analysis ¢ TFound : C,76.38 5 H,3.50 4.
C16H100;3 requires : C,76.81 3§ H,+,00 %.

Mannich reaction_on 7-hydroxy-3,l-cyclohexeno-

coumarin with formalin and piperidine : 7-Hydroxy-8-

riperidinomethyl-3,4-cyclohexenocoumarin

e‘f‘}
AWMAf 7—Fydroxy~3,hucyclohexenocoumarin (2,16 gJ)

(“r ""1";’,

in ethano%d;formalin (0.3 g. ),vplperidlne (0.85 g.)

e PRI S

were heated on a water bath for 3 hours, The residue
obtained after recovering the solvent was washed with
benzene and crystallised from benzene-petroleum ether
in colourless erystals, m.p. 1700. Yield 1.6 g.
Malysis ¢ Found : C,72,84 3 H,7.12 3 N,4.69 4.
CygHz303N requirds : C,72.8% 3 H,7.3% 5 N,4.47 3.

Sommelet reaction on 7-hydroxy-8-piperidinomethyl-

3,"-cyclohexenocoumarin ¢ 7-Hydroxy-8-formyl-3,%-cyclo-

hexenocoumarin @

7-Hydroxya8-piperidinomethyl—j,Hacyclohexeno-

\coumarin (1 g.) waé refluxed with acetic acid (10 ml.)

and hexamethylenezpetramine (1 g,) for % hours on a wire
gauze. Concentrated hydrochloric acid (10 ml,) was added
and the mixture wﬁs refluxed further for one hour. It was

then added to water (500 ml.) and the solution was
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extracted with ether. The residue, on removal of ether
was crystallised from alcohol in shining plates, m.p.
1720. Mixed m,p. with the compound prepared by the '
direct formylation of 7-hydroxy-3,t-cyclohexenocoumarin

was not depressed,

Mannich reaction on 7-hydroxy-3,-cyclohexenocoumarin

with formalin and morpholine : 7-Hydroxy-8-morpholino-

methyl-3,%-cyclohexenocoumarin :

The mixture of 7-hydroxy-3,4-cyelohexenocoumarin
(2.16 g,) in ethanolhéilrmalin (0.3 g.) and morpholine
(0.9 g.) was-heated on a water bath for 3 hours. The
separated product was erystallised from aleohol in

0
colourlesgs crystals, m,p, 180 ., Yield 1.3 g.

Analysis ¢ Found 2 Cy68.22:§ H,6,55 3 N,4.83 %,
C13Ha 1 OuN requires 2 68,557 ¢ H,6,71 5 N,4.4% 4,

Sommelet reaction on 7-hydroxy-8-morpholinomethyl-
3.M-cyclohexenocoumarin : . 7-Hydroxy-8-formyl-3,4-cyclo-

hexenocoumarin

7-Hydroxy~8—m6rpholinomethyl—3,hbcycldhexen0~
coumarin (1 g.) was refluxed with acetic acid (10 ml.)
and hexamethylenetetramine (1 g.) for 5 hours on a wire
gauze., Concentrated hydrochloric acid (10 ml,) was
added and the mixture was refluxed further for one hour,
It was worked up as usual and the 7-hydroxy-8-formyl-3,4-
cyclohexenocoumarin wa€ crystallised from aleohol in

o
colourless crystals, m.p, 172 ,



Pechmann reaction of 7-hydroxy-3,4-cyclohexenc-

coumarin with malic acid : 2H-104-Pyrano(2,3-h)-3,M-

cyclohexenobenzopyran-2,10-dione :

7-Hydroxy-3,4-cyclohexenocoumarin (1 g.) was
mixed with malic acid (1 g,) and concentrated sulphuriec
acid (3 ml,). The reaction mixture was heated on a
steam bath for 3 to b hours till the effervescence
ceased. The mixture on decomposition with ice water

o
gave, yellow compound whieh was digested with ammonia

2, ta

fg,‘h(ffd- ;.‘ [N

and filtered, The ‘compound was crystallised from large
quantities of glacial acetic aeid in colourless

0
needles, m,p, 315 . Yield 0.3 g.

Analysis : Found s C,71.21 3 H,4.,18 %.

C1eHy20y requires ¢+ C,71.6+ 3 H,4.48 4,
a

PR

{K.KlAcetylation on _7-hydroxy-8-acetyl-3,t4-cyclo-

hexengcoumarin : 10-Methyl-ll-acetyl-2H-12H-pyrano-

g2,3—h)-3ahbcxg;ohexenobenzoﬁyrano2,12¢dion§ :

7-Hydroxy-8-acetyl-3,4-cyclohexenocoumarin
(0,5 g.) was mixed with freshly fused sodium acetate
(1 g.) and acetic anhydride (3 ml.). The reaction
mixture was heated at 180-900 for 8-9 hours, It was
then cooled at the room temperature and decomposed in
ice-water. The producet was filtered and washed with
dilute alkall solution, Tt was crystallised from

o .
acetic acld in silky crystals, m,p. 240 , Yield 0,2 g,



The i.r.spectra showed three strong bands in the carbonyl
. - 0
region, viz. 1720 em (lactonyl >C=0 group), 1698 cm
-1
(¥-pyronyl >C=0 group), 1655 cm  (acetyl group at

position 11 ).

Analysis : Found s C,70.,26 5 H,4.95 3.
CrgHy40¢ requires : C,70.36 3 H,4,98 %,

Condensation of 7-hydroxy=-8-acetyl-3,'-cyclohexencg—

coumarin with ethylfchloroformate : BthyleS-acetyl-3,4-

. .. ¥.] 2
cyclohexeno-7-coumarinyloxyiormate
L4

7-Hydroxy-8-acetyl-3,4cvelohexenocounarin
(2.58 g. § 0,01 M), ethyi#ehloroformate (1,09 g. 3 0,01 M)
and anhydrous potassium carbonate (2 g,) were refluxed
in boiling acetone for 15 hours, The compound obbtained
" on evaporatioh of acedone was washed with dilute alkali
solution, It was crystallised from alcohol in shining
plates, m.p. 1550. Yield 0.5 g.
Analysis : Tound : C,65.65 3 H,5.12 %,
H,5.45 %.

*

CyaH1s0¢ requires : C,65,45

~ho

Bttempted cyclisation of ethylgB-acetyl-3 U-

cyclohexeno-7-coumarinyloxyfarmate -

The above ester (0,5 g.) was mixed with dry
toluene (40 ml,) and refluxed in the presence of
anhydrous potassium earbonate for 40 hours., The ecompound
obtained on evaporation of the solvent was found to be
the mixture of 8~acety1~3,ﬂacyclohexeno—7—coumarinyloxy

formic acid and 7~hyﬁroxyv87acety1-3,h—cyclohgxeno-
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coumarin, The mixture was taken in bicarbonate solution
and filtered, The filtrate on acldification gave the
above acid which was crystallised from glscial acetie
acid in shining needles, m,p. 2650.

Analysis : Found - ¢ C,63.,95 3 H,4.73 4.

CygHin0¢ requires : C,63.57 3 H,4.63 4.

Dehydrogenation of 7w hydroxy-3, 4=cyelohexenccoumarin ¢

7-Hydroxy-3,4-benzocoumarin :

The mixture of 7-hydroxy-3,4-cyclohexenocoumarin
(1 g.),diphenyl ether (5 ml.) and palladised charcoal
(10 4 3 0.5 g.) was refluxed for 6 to 8 hours. It was
filtered hot and the filtrate was cooled. The separated
product was washed with petroléum ether and crystalliised
from ethanol in colourless needles, m.p, 2350. Hurtley

(dh Y
et al, reported m.,p, 232 ,

Analysis : Found s C,73%16 § H,3.68 %,
Cy3HgO3 requires : C,73.98 s H, 3.77 %.
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