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Studiss_In the gynthesis of coumaripo-y-pyropes

CHAPPER_III

T HEORETICAL

Chromones and flavones, which are benzo-y-pyrone
derivatives, oleurrin a variety of plants either in
combinat ion with rhammose ard glucose or associated with
tamins or in the‘uncombined statee ‘

The structure of a large mumber of flavones have
been elucidated and many of them have been synthesised. In
recent years the interest in the study of these compounds
has been enharnced as a result of the discovery of their
interesting biocchemical properties. Rutin (3-rhamnoglucoside
of quercentin) shows vitamin p activity and is important in
preventing capillary fragilityf. Other flavones such as
quercitrin,rhamnetin and 6,8-dlhydrocyflavore are reported
to reduce blood pressurg2 and to act as diureticsa. Further,
calycopterin ard its 4:methy1 ether, herbecetin,gossypetin
ete, act as fish poisons“’f The amirnomethyl derivatives of
chromones and flavones are reported to act as powerful
central nervous system stimulants,especially on the brain

&
stem and to have cardiokinetics and hypertensive action.

Methods for the synthesis of chromones and flgvones
A pumber of methods are available for the

synthesis of chromones and flavones and are briefly reviewed
here., )
?
Kostanecki and Rozyckl showed that a chromone

derivative (2) was formed when resacetophenone(l)was
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heagted with sodium acetate and acetic anhydridec
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This method was further developed by Allan and
Robinson? whovfound that when o-hydroxyacetophenones were
heated with the sodium salt and the: anhydride of an
aromatic acid, a flavone derivative was obtained. This
method now known as the Kostanecki-Robinson reaction has
been extensively used for the synthesis of chromone: and
flavone - derivatives. -

It has been fourd that the Kostanecki-Robinson
reaction does mot give chromones in all cases. Coumarins
or a mixture of coumarins and chromores may be formed in
some cases. Bargellini9 and Baker and Eastwoed10 have found
that when a mixture of phenyl acetlc anhydride and sodium
phenyl acetate 1is used, Kostanecki-Robinson reaction leads
to the formation of coumarins amd mot chromonese

The nature of this product formed depends on the
nature of the o-hydroxyketone, the acid anhydride ard the
salt used.

Considerable amount of work has been done on the

11912913 14915
effect of substituents like alkyl, . ndtro,

16917448
carboxy and carbomethoxy groupsse

~
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Ruhemann and coworkers condensed sodium
phenolets (3) with ethyl chlorofumexite, ethyl phenyl-
propiolate and ethyl B-chlorocrotorate. The intermediate
acids (&) thus obtained were cyclised on treatment with
cone.sulphuric acid,phosphorgus pentachloride or aluminium

chloride to give chromones (2).
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K:ostanecki20 found that when esters of aliphatic
or aromatle acids were condensed with o-methoxyacetophernones
(5), B-diketones (6) were formed which can be eyclised to
chromones or flavones by heating with hydriodic acid.
Alternately esters of o=-methoxybenzoic acids can be
condensed with ketones and the P-diketones formed cyclised
with hydriodic acid to the correspording chromones or
flavones. .

Q-Hydroxyacetophepones on cordensation with
aromatic aldehydes in the presence of aqueous alkali or
sodium ethylate yield chalkones (7). These can be converted
directly into flavones (8) by heating with selenium dioxideZL
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or cyclised first to flavemnes by heating with a mineral
acids and then sub,jécted to phosphorgus pentachloride or
selenium dioxide treatmentzz, 23 )

The chalkones could be converted into the chalkone

2
dibromides and then heated with alkali to get the flavones .
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Bakerzs observed that o-benzoyloxyaceto-aromjs‘ 60%
their derivatives (9) rearrange to o-hydroxydibenzoyl-
methares (10) when treated with anhydrous potassium
carbonate in the presence of dry benzene or dry toluene
which can be cyclised to the corresponding flavores (11)
by treatment with suitable dehydrating agents such as

sulphuric acid or boiling acetic acid and sodium acetatees
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At about the same time Mahal and Venkataraman

observed that the getion of sodamide on 2-gcetyl-l-maphthyl-
benzoate (12) in dry ether solution gave “-benzoyl-2-acetyl-l-
naphthol (13) which with sulphurie acid underwent cyclisation
to yield corresponding flavone (14).
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Many other reagents are also used to bring about
thils transformation like sodium metalz? ard sodium ethoxidezf
Mentzer and ‘Pullonz9 fourd that if a phenol was
heated wichB-diketonic esters at a high temperature
(about 2509) without any condensing agent, chroménes were
produced instead of coumarins.
e Desai, Trivedi and Sethna” found that the reaction
was more rapid and better products were obtained if
diphenyl ether was used as a solvent and the reaction
refluxed with a short condenser to remove the ﬁater férmed.
By using some of these methods marny workers have
synthesised coumarino-y-pyrones. ‘

) Desai and Hamid3+.egrried out the Kostanecki-
Robinson acetylation on 7-hydroxy-é6-2cetyl- ard 7-hydroxy-8-
acetyl=-i-methylcoumarin and obtained 2,6—dimethyl-i-acetyl—
4,8~ 1oxo-4H,8H-pyrano(3,2-g) benzopyran (4,2+dimethyl-3=

acetylecoumarino-7,6-y-pyrone) (15) and 2,8-dimethyl-3-

~
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acetyl-k,6-d ioxo4H,6H-pyramo (2,3~h)benzopyran or (4,2~
)
dimethyl-3-acetyleoumarino-7,8-y=pyrone) (16).

CH3

O/ / LH3
n : cocH
15> C16) N
32
Shah and Shah synthesised several coumarimo-
y-pyrones (18) along with coumarim-a-pyrones when they

subjected 5-hydroxy-é6-acylcoumarins to Kostanecki-Robinson

acylation.
R
1
07 T
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/ ) coumarino-g-pyrones.

Limaye and Ghate33 obtained:2,6-dimethyl-10-ethyl-
é-acetyl-h,S—dioxo—kﬁ,BH-pyrano(B,2-g) benzopyran or (2:%-
dimethyl~8—ethyl—3lacétylcoumarino-y-pyrone) (20) along
with a coumarino-g-pyrone from 7-hydroxy-8-ethyl-6-

acetyl-4-methylcoumarin (19) by Kostanecki-Robimson

acetylation.
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MehtaB“ carried out Kostamecki-Robinson
benzoylation with benzoic anhydride and sodium benzoate on
8—hydroxy-7-acetylcoumarin (21) and obtained 2—pheny1—3-
be nzoyl-i, 9-d ioxo-4H, 9H-pyrano(3 2—h)benzopyfan or (2—pheny1—
3-benzoy1-y—pyrano(5, ,7,8)coumarin (22).

BN K- R. ~
HBCOC o-~0 benzoylakion O o-~0
on \‘\/
NP
HS_CQOC- ,
CHg
C2a1) , (22)

. Mistafa and cowofkers3 earried out Clalsen
condensat ion of L-hydroxy-3-acetylecoumarin (23) with

ethyl acetate in the presence of sodium to glve an
intermediate B-diketonic compound (24) which was cyclised
by heating with sulphuric acid to 2-methy1—4,5-dioxo-kH,5H—

pyrano(3,2-c)benzopyran (25).
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They also carried out Kostanecki-Robinson
acetylation on 4-hydroxy-3-propionyleoumarin (26) and
obtained 2,3-dimethyl-4,5—dioxo—kH,5H—pyrano(3,2~c)

benzopyran (27).

CH3
OH o
COCH,CH3 O
N b} <R, AN
00 acetylation 0-~0
(26 27>

Cook and I!bIntyre36 carried out Kostanecki-
Robinson acylation on 3-acyl-k-hydroxycoumarin derivatives
ard have obtained coumarino-q-pyrone and coumarino-y-
pyrano derivatives depending upon the acyl group,ac;d
aphydride and sodium salt of the acid.



AN

K 37 ' 174

Recently Trivedi and coworkers - subjected
7 -hydroxy-6-acetyl-4,8-dimethyl-, 7-hyd roxy-6-acetyl-l-
phenyl-8-methyl-, 7 -hydroxy-6-propionyl-l,8-dimethyl~ and
7 -hyd roxy-6-propionyl-i4-phe nyl-8-methylcoumarin (28) to
Kostanecki-Robinson acetylation and obtained 7-acetyl-4,8,10-
trimethyl-2,6-dioxo-2H,6H-pyrano(3,2-g)benzopyran, 7-acetyl-
8,10-dimethyl—h-phenyl;2,6—diqxo-2H,6H-pyrano(3,2-g)

. benzopyran, %,7 ,8,10-tet ramethy1-2 ,6-d ioxo -2H,6H-(3,2-g)
benzopyran and 4-phenyl-7,8,10-trimethyl-2,6-dioxo-2H,6H-
pyrano(3,2-g)benzop&ran respectively (29)+ The structures

of these coumarino-y-pyrone derivativés were established

on the basis of I.R.spectra.

R
ROCF X 0 R.
HOoONRN O \O acetylotion g
CHy
CaXRY -

"R = -CH3, —"36H5
R;L: -CH;, —GOCH:,
Rﬁ‘ . =CHy ~GHs
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The present work deals with the synthesis of some

coumarino-y-pyrone derivatives.

Synpthesis o; 2,9-Dimethyl -k, 5-dloxo-4H, SH-py papo
§3,2-c2bgnzogzrgg s (332D

Claisen condensation of 3-acetyl-l  roXy=-0-mm thyl ~
goumaripn with ethvl acetate : 3-Acetoacetvl-h-hydroxy-

6-methylcoumarin (31) 3

» 4 ~Hydroxy«-6-methylcoumarin was heated with
glacial acetic acld in the presence of phosphorgus
oxychloride to give 3—acetyl—%ohydroxy-6—methylcoumarin?a’39
(30). :

3-Acetyl-4-hydroxy-6-methylecoumarin (30) on
condensation with ethyl acetate in the presencé of pulverised
sodium gave the product to which 3-acetoacetyl-k-hydroxy-6-

methylecoumarin (31) structure was assigned.

ov) o
e ch - COCH COCH
b \3(_. NN COCHy Etngl acetake H.‘)C. /\j A 3
Na
00 o0
a0 312
H&S 0 A




Cyclisation of 3-acetoacetyl-i-hydroxy-6-methyl-

coumarin : -Dimethyl -d 1o0x0 -4 H, SH~

bepzopyran (32) ¢+
3-Acetoacetyl-~hydroxy~6-methylcoumarin on
¢yclisation with 25 4 sulphuric acid gave the product to
which the structure 2,9-dimethyl—#,5-dioxo-4H,EH-pyrano'
(3,2-c)benzopyran (32) was assigneds Principal absorption
bands in I.R.region 1760 and 1672 cm

thegis_of th =hydro =d iox H,5H=-
pyrapo(3,2-c)benzopyrapn (35) B o
Claisen condensation of 3-acetyl-k-hydroxy-7-methoxy- .
goumarin gith»etgxl acetate ¢+ j-Acetoacetyl-4-hydroxy-
7-methoxycoumaripn £34) .

3—Rcetyl-4-hydroxy-?—methoxycoumarin3233) was
synthesised by condensing 4—hydroxy—7—methoxyéeumarin with
acetic acid in the presence of phosphorgus oxychloride:
3—Acety1~h-hydroxy—?—methoxycoumarin (33) on Claisen

condensation with ethyl acetate in the preseme of sod 1um

afforded 3—acetoacetyl-k~hydroxy—7—methoxycouﬁar1n (34)a

Cyclisation of 3—gcetoggetzl;&-hzﬁgggz-z-metgoxz—
goumarin : 2—thhzl-§.gzdroxz:&,i—dioxo—kH,iﬂ—

pyrano(3,2-¢c)benzopyran £35) :
‘ When 3~-acetoacetyl-4~hydroxy-7~methoxycoumarin

was heated with 25 % sulphuric acid, it cyclised but at the:
same time demethylation took place to give gfmethyl—g—hydroxy—
4, 5-d ioxo -4H, 5E-pyrano(3,2-c)benzopyran (35). Principal
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ggis o ~Phernyl-O9-methyl -dioxo-4H,5H~

pzrano§3,g;02ben§ogxrag (37) : _

Claisen condensation of 3-acetyl-l-hydroxy-6-methyl-
coumarin with ethyl benzoate : 3-Benzoylacet -
hydroxy-6-methylcoumarin (36) :

3-Acetyl-4-hydroxy~6-methylcoumarin (30) was
condensed with ethyl benzoate in the presence of gsodium

to yield 3—benzoylacetyl—#-hydroxy—é-meth&lcoumarin (36)e

Cyclisatiom of 3-benzoylacetyl-lt-hydroxy-6-methyl=-
goumarin : 2-Phenyl-9-methyl ~dioxo-+H, oH-pyrapo

(32=c)benzopyran (37)

3-Benzoylacetyl-it-hydroxy-6-methylecoumarin (36)
on cyclisation with aleoholic 50 % sulphuric acid gave the
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product toc which 2-phenyl-9-methyl-4,5-dioxo-4H, SH-pyrano

(3,2=¢)benzopyran (37) structure was assigned.

CH on
H,C coct; - He
H 4 ~ Evinyl bewzoate HC mcoak&oﬁ; S
-0 O N a \\/ o o)
(Bed (36D
((,‘,HS- Hlbo#
o7 N
s
yNs ~
O O
(572
thegis of ioxo -4H ~py>r -¢ )benzo 3

2-carboxylic acid (39) :

Claisen cordensation of 3-acetvl-h-hvdroxyvcoumarin with

ethyl oxalate : 3-Oxalylacetyl-4-hydroxycoumarin (38 ):

3-‘-Acetyl-k—hydroxycoumarinn&on Claisen comdensation
with ethyl oxalate in the presence of sodium gave a product to
which 3j-oxalylacetyl-i-hydroxycoumarin (38) structure was )
assigned.
Cycligation of 3-oxalylacetyl-h-hydroxycoumarin
4y 5-Dioxo-4tH, SH-pyrapo(3,2-c)benzopyran-2-carboxylic

acid (39) :

3-0xalylacetyl-t-hydroxycoumarin (38) on
cyclisation with 50 % sulphuric acld gave the product which
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was soluble in sodium bicarbonate solution. On the basis
of analytical data 4,5-dioxo-—’+H,5H—pyrano(3,2-c)benzopy1:an-2-
carboxylic acid (39) structure was assigned to it.

or o
//<§ileCH3 Bt oxalete SR L0 CHLDCOO GHig
Na
00 O
(38>
50,

(3%9)

Attemg;ed decarboxylation of l&,i-dioxo—hﬁ, SH-pyrano

(352-¢c)benzopyran-2-garboxylic cid
When 4, 5-dioxo-itH, SH-pyrano(3,2-c)benzopyran-2-
carboxylic acid (39) was heated with copper and quinolire

or heated gbove its melting point it gave an unworkable

product.



Sypthegis of 9¥b1§tmi-&,§g.iioxoﬁH, EH—gx;:gggg_ﬁ,,g-jt;gz 8
bepzopyran-2-carboxylic acid (41) s | _

a opdepsati «acetyl-l-hydroxy-6-methyl -
goumaripn with ethyl oxalate : 3-Oxalylacetyl-lt-
hydroxy-6-methyleoumarin (40) 3

3-Acetyl-4-hydroxy-6-methylcoumarin (30) when
condensed with ethyl oxalate in the presence of sodium it

gave a B-~dicgrbonyl compound to which 3-oxalylacetyl-i-

" hydroxy-6-methylcoumarin (40) structure was assigned.

H

OH OH

COCH H,C ‘ i} COCHOGH
: /i 3 Ethy) Oxalate 3¢ TycocngocoogHs
Na
0O C o e,

(400

H&S O[F

CCOH

/ H,C P AN
/ -coy X e

Ch41)

Cyecligsation o ~O0xalvlacetyl-4-hvdrox -methyleoumarin :

~Mothyl -4 ioxo-4H, SH-~pyrano 2+-c)banzopyran-2 -

gcarboxylic acid (41) :

3-0Oxalylacetyl-4-hydroxy-6-~-methylcoumarin (40) on
cyclisation with 50 % sulphuric acid gave a product which



181

was solubleiin sodium bicarborate solutionv. On the basis
of amalytical data 9-methyl-k,5-dioxo-4H,5H-pyrano(3,2-¢)
benzopyran-2-carboxylic acid (%1) structure was assigned;
» When 9:wiethyl-4,5-dioxo-4H,5H-pyrano (3,2-c)
benzopyran-2-carboxylic acid (41) was heated with copper
and quinoline or heated above its melting point it gave

an unworkable product.

a i-Robinson Acetylation of —?oiol-

bydroxy-6-methylecoumarip : 2,3,9-Tr imethzl;&,ﬁ-dioxo-
LH SH-pyrano(3,2-c)benzopyran f43) :

3—Propiomrl-l+-hydroxy%»methylcoumarins% 42) was
prepared by heatirg L-hydroxy-6-methylcoumarin wi‘t".h
propicnic acid in the presence of phosphorgbus oXychloride.

é-Propiowl—h-—hydroxy-=6~metlwlcoumarin (42) was
“heated with acetic arhydride and sodium acetate to give
the product to which 2,3,9-trimethyl-4,5-dioxo-4H,5H-

pyrano(3,2-c)benzopyran (43) structure was given.

OH

W, C .
= /\/(L CH3<:HQCOOH HyC AN C_'OC\-E(CHS
C42)
K-R.
CHo, %4 QCE%\,‘QHOV\
o \ CH3
H,C NI O

o0



Frisdel-CraftS:_propionylation of k-hydroxy-7-methoxy-

couma droxy-7-methoxycoumarin (44)

4-Hydroxy-7-methoxyecoumarin when heated with
propionic acid in the presence of phosphorous oxychlordde
it afforded 3-propionyl-i-hydroxy-7-methoxycoumarin (4).

It gave red colouration with aleoholic ferriec chloride
solution.

tane =R (o) lag - -
hzgr_gxz-z-mgtggucogmaz;n H ~Dimethvl - thogy -

-d foxo -4+H, SH-pyrano (3,2-c)benzopyran (45) :

. When 3-propionyl-4-hydroxy-7-methoxycoumarin was
heated with sodium acetate and acetic anhydride it gave a
product to which 2,3—dimethyl-8—methoxy-’+,5—dioxo—l|-H, 5H~

pyrano(3,2-¢)benzopyran (45) structure was assigned.

OH OH
/i CHg CHy COOH Ry coctthg
g e Poct ‘ :
C HSO 0 Q ’ 3 . C HSO O\ o
Chb)
K- R.
Q@‘Bic&;}u
CHz
') N Crig
AN O
CHaO 00

ChAs>



Chalkone synthesis : 3-Cippamoyl-4-hydroxy=-6-meth yl=
goumarip (46) 3

3J-Acetyl-i-hydroxy-é-methylecoumarin (30) was
condensed with benzaldehyde in the -presence of alecoholie
potassium hydroxlde to give a product to which 3~cinnamoyl-

4-hydroxy-6-methylcoumarin (46) structure was assigned.

OH o
Myl Oy COCH, ChigCHo W< Ry Co =ttt
(\\/!L o0 on e
303 CL4ed> -~
) seO:{
CHs

Attempted cyclisation of 3-cinnamoyl-h-hydroxy-6-
methyleoumarin to 2-phenyl=-9-methyl-l+,5-d 1oxo 4H, SH~

gy_ranog,g—c}benzopzran :

When 3-cinnamoyl-i-hydroxy-6~methylcoumarin (46)
was refluxed with selenium dioxide in isocamyl alcohol for

40 hr. only original chalkone was recovered.
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Qnal_l_:gpg sypthegis s 3-Ci o] =l =hyd «7 «mathoxy ~
coumarip £47) s

3—Acetyl-ib-hydroxy-?—methoxycoumarin (33) was
condensed with 'benz,aldehyde in the presence of alcoholic
potassium hydroxide to yield 3-cinnamoyl-li-~hydroxy-7-
methoxycoumarin (47).

OH on
kOH
CHAO o0 CHO o0

nthegis of 3- ethoxy) ~¢c innamoyl -4 ~hyd roxy -6 -

methylcoumarin (48)

3-Acetyl-4-hydroxy=-6-methylecounarin (30) was
coniensed with anisaldehyde in the presence of alcoholie
potassium hydroxide and the product was assigned 3—(’p—methoxy)—
cinnamoyl--hydroxy-6-methylcoumarin (48) structure.

oh ot
coci . N e
P‘s‘:m 3 (po w)Gh,CHo T8 @\/jco Cri= Q-G -ocy)
\ KoH
o o0-~0

(30> Che)

Synthegi o”-—{athox innamoyl-4-hvdroxy -7 -

methoxycoumarin (49) : _
3-Acetyl-k-hydroxy-7-methoxycoumarin (33) was
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cordensed with anisaldehyde in the presence of aleoholic
potassium hydroxide to yield a chalkone, 3-(p-methoxy)~-
cinnamoyl-4~hydroxy -7 -mathoxycoumarin (49).

OH ot
# = cr oty (P-ocry)
XYCU (. oengd it oo . O X\ CoChH = ar gy (P-ocHs
N Kot
NN Crig® ~No 0
33> (Lo
Attempted cvelisation of chalko o_the

correspondi coumarino -y -pyrones :

When above described 3-cinnamoyl-i-hydroxy-
coumarin derivatives were heated with selenium dioxide
in isoamyl alcohol for a very long time only original

chalkone derivatives were recovered.

Attempted Baker-Venkataramap transformation op
3-3cetzl;&-hgdroxz—ﬁ-methzlcoqgarig to_synthesise
2-phenyl-9-methyl-4  5-d ioxo-44H, SH~

benzopyran
When 3-acetyl-4-hydroxy-6-methylcoumarin was

refluxed with benzoyl chloride and potassium carbonate in
dry acetone for J0 hr. it did not meet with success and

only original coumarin was recovered.
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Attempted Claisen condensation of 3-acetyl-L-hvdroxy-

oumari ith ethyl formate to thesise ~di0xo -

4YH, SH-pyrapmo{3,2-c)benzopyran :

When 3-acetyl-4-hydroxycoumarin was heated with
ethyl formate in the presence of sodium 1t did mot give
the corresponding 4,5-dioxo-+H, 5H-pyrano(3,2-c)benzopyran,

but only the original compournd was recoveredes
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WMMLW
(3,2-c)benzopyrap 3

Claisen condepsatiop of 3-ggce g;:&-hzgroxz-ﬁ—mesgg
goumarip with ethyl acetate : 3-Acetoacetyl-i-hydyoxy-
6-methylecoumarip

A solution.of 3~acety1-k-hydroxy-6-methy1—
coumarin (1 g.) in freshly distilled ethyl acetate (25 ml.)'
was added to pulverised sodium (1 g.). The reaction
mixture was heated on a water bath for 6 hr. After the
completion of reaction a ?ew ml., of etharol were added to
.decompose unreagcted sodigm. It was then added to ice and
water and ether extracted. The aqueous layer was aeidified
and the separated product was filt?r?d,dr@ed apd .
crystallised from dil.acetig acid,m.g;153?. Yield 0.7 ge
Apalysis : Found & C,64.49 5 H,4.72 %.
CyyHy 205 requires : C,64.61 H,4.65 %

-

clisation of 3-aceetoacetyl-i~hvdrox -methyl -
coumayin : 2,9-Dimethyl -4 ,5-d ioxo-4H, SH-pyrapo
(3,2-¢c)benzopyran

3-Acetoacetyl-k-hydroxy -6 -methylecoumarin (0.5 g)
was heated with sulphuric acid (50 ml. 5 25 % ) ona
sand bath for 1 hr. The reaction mixture was allowed to
cool and neutralised with sodium carbonate. The sepgratéd
product was filtered,dried and crystallised from dil.

<
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. 5 A :

acetic acid,m.p.248 . Yield 0.2 g« Principal absorption
T ! i

bands in I.R.region 1760 and 1672 cm .

Apalysis : Fourd 2 C,69469 3 H,3.76 %o

CyuHy 00y requires : C,69.42 § H,4,16 %.

L 14

Synthesis of z-meghzlfﬁ—gzdggxzji,E—d;ogg:&H,5@-

r 2-clbe s )
Claigen condepsation of 3-acetyl-W-hydroxy-7-methoxy-
ecoumaprin with ethyl acetate : 3=-Acetogcetyl-l4-hydroxy-

7-methoxycoumarin s

A solution of 3-acetyl-h—hydgo;y~7-methoxy—
coumarin (1 g.) in ethyl acetate (25 ml.) was added to
pulverised sodium (1 g.) and the reaction mixture was
refluxed on a watei bath for 6 hr. The reaction mixture
was decomposed with ice and water and ether extracted. The
aqueous layer was acidified and the sepgrated productnwgs
fil?ered,drigd apd erystallised from dil.acetic acid,m.p.
1530. Yield 0.8 g. u o
Apalysis : Fourd 2 C,60.95 3 H,ke23 %
CyuH; 20¢ requires : C¢60.87 3 Hy4.38 %.

Svelisation of 3-acetoacetyl-t-hydroxy-7-methoxy=-

goumarin : 2 ~Methyl -8 -hydroxy-it,5-d ioxo -4H, SH-pyra

(3;2-c)benzopyran ¢ - - o
3-Acetoacetyl-4-hydroxy-7-methoxycoumarin (0.7 g.)

was refluxed in sulphuric acid (75 ml. 5 25 %) on a sand
bath for 1 hr. The reaction mixture was allowed to cool

and neutralised with sodium carbonate. The separated

Y
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product waspfiltered dnd purified by the treatment with
dilute sodium hydroxide solution. On acﬂdificatioﬁ the
product was separated,which was filt°red dried anmd .
crystallised from dil.acetic acid ReDe 221 o« Yield C.3 g.
Principal absorption banis in I.R.region }760 and 1672 enm l.

Amlysis : Found 2 Cy63.54 5 H,3.80 %

Cy3HgO05. ~ requires : C,63.9% ; H,3.30 %.
Sy pthe of' -Phe =9 -me -d He
ang; 2 bhenzop¥ircan ¢

Claisen condenggtion of 3—ace_z,ek—hydroxz-é-methzl—
coumarin with ethyl benzoate ¢ _3-Benzoylacetyl-l~-
hzdroxz~6-methz1coumarig :

& mixture of 3-acetyl-h—hydroxy—6-methy1coumarin
(l g.),ethyl benzoate (25 ml.) and pulverised sodium(l ge)
was heated in an oil bath at 180 for 5 hr, After the
.completion of reaction little alcohol was added to
decompose unreacted sodium ard then added toﬁwater? It
was ether extracted and aqueous layer was acidified. The
separated productWWgs fi}tered,dr;ed ggdw:rystallised from
dil.acetic acid, m.p.168 . Yield 0 Be
Apalysis : Found 3 c,797.72 5 Hylea7 %o
Cy oHy 05 requires 6,70.80 ; Hy4438 %

Cyclisation of 3-benzoylacetyl-t-hydroxy-6-methyl-
gcoumarin : 2-Phenyl-9-methyl-4,5-dioxo-4H, SH-pyrano
(3,2-c2benzogzr§n :

3-Benzoylacetyl-4-hydroxy-6-methylecoumarin(0.k g‘)
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was heated with alcohdblic sulphuric acid (50 ml. ;5 50 %)
on a sand bath for 2 hr. The reaction mixture was diluted
with water and the separated product was 'filtered,washed
with sodium bicarbonate solutien,dried and crystallised
from dil.acetic acid, m.p. 275 o Yield 0.2 ge

Aralysis : Found : C,7{q—.6é 5 HyteO5 %e
Gy gH; 204 requires : C,7%.99 3 H,3497 %.

thegis of 4, 5-Dihydro-i4H, SH-pyra -0
be opyIran=2«- r‘poxlic o i

Clailsen copdensation of 3-acetyl-4~hydroxycoumarin
with ethyl oxalate : 3-0Oxalylacetyl-4-hydroxycoumarin :

A mixture of 3-acetyl-k-hydroxycoumarin (1 é.) ,
ethyl oxalate (12 mi;) and pulyerised sodium (1 é.) was .
heated on a steam bath for 6 hl;. After the completion of
reaction little aleohol was added to decompose unreacted
sodium and then added to ice and watef. It was then
ether extracted and aqueous layer was acldified. The
separated product was filtered dried and erystallised
from acetic acid, m.p. 168 . Yield 0.6 g.

Analzsig s Found s 0,5?.14 H H,3.85 25.
Cy5Hy 20g requires : C,59.21 § H,3.98 %.



Cyclisation of 3-oxalylacetyl-l-hydroxycoumar in :
Y, 5-Dioxo~+H, SH-pyrano (3 +2-C )benzopyran-2-carboxylic

geid '
J-0xalylacetyl-k-hydroxycoumarin {0.5 g.) was

heated with sulphuric acid (25 ml, j 50 %) on a sand bath
for 2 hr. The reaction mixture was diluted with water and
the separated product was filtered,treated with sodium

bicarbonate solution,dried and crystallised from acetic

0
agi_.d, Mepe 270 o Yield 0.2 ge

Apalysis ¢ Found t C,60422 § Hy2.05 %
C; 3HgO0g requires : C,60.47 5 H,2.34 Z.

Attempted decarboxylation of 4,5-dioxo-4H, SH-pyrano
(3,2-c)benzopyran-2-carboxylic acid :

‘ " L4,5-Dioxo-4H, SH-pyrano(3,2-c)benzopyran (0.5 g.)
was dissolved in freshly distilled quimoline (4 ml«;) and
was refluxed with copper bronze (0.1 g.). The reaction
mixture was decompdsed with ice and hydrochloric acid
and then ether extracted. On evaporation of ether an
unworkable product was obtained. Attempt to decarboxylate
the acid by heating above its melting point also met with

failure.

Synthesis of 9-tethyl-lb,5-dioxo-itH, SH-pyrano(3,2-c)
benzopyran-2-carboxylic acid :
Claisen condensation of 3-acetyl-h-hydroxy-6-methyl~
goumaprin with ethyl oxalate : 3-Oxalylacetyl-h-hydroxy-
. §-methylcoumarip :
A mixture of 3-—.acetyl-4-h.y§roxy-—6-methyleoumarin
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(1 g.),ethyl oxalaté (12 ml.) and pulverised sodium (1 ge)
was heated on a steam bath for 6 hr. The reaction mixture
was poured into ice and water and extrac{:ed with ether. The
agueous layer was acidified and the separated product was
filtered,dried and crystallised from acetic acid,m.p.lé?oc
Yield 0.7 ge.
Analysig : Fourd : C,60.14 ;3 H,4.C4 %,
Ci16H1407 - requires : C,60.38 § Hyk i3 %.

-] d L o -

coumaripn : 9-Met - =4 1 - 0 -
benzopyran-2-carboxylie acid :

3-—0xaly1acetyl-—4-—hydroxy -6 -methylcoumarin (0.5 gs)
was refluxed with sulphuric acid (25 ml. j 50 %) on a sand
bath for 2 hr. The reaction mixture was poured into ice
and water and the separated product was filtered,treated
with sodium bicarbonate solution and erystallised from

: [¢]
acetic acid,m.p.262 . Yield 0.2 g.-

Analyals : Found : C,61.52 3 H,2.88 %.
C;,HgOg requires 1 CG,61.77 § H,2.96 %.

Attempted dac box.latio of/ ~magthyl ;-dioxo-
4H, SHepyrapo(3,2-c)benzopyran-2-carboxylic acid :

—Methyl-lf 5-d ioxo -4H, SH-pyrano (3, 2-¢)benzopyran -
2-—carboxylic acid (0.5 g.) was dissolved in freshly distilled
quinolire (% ml.) and was heated with copper hronze(0.l1 g.)
on a sand bath for 1 hr. On working up the reactioni.
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mixture as usual an urworkable product was obtained.

Ac la £ 3-proplo ~hydroxy-6~methyl-

coumarip ~Trimethyl =3 ioxo ~4H, 5H~
( benzo 13

) A mixture of 3-—proplionyl-h--hydroxy-6-methy1-
coumarin (1 g.), freshly fused sodium acetate (3 go) and
acetic arhydride (20 ml.) was heated in an oil bath at
140-60° for 6 hr. The reaction mixture was cooled and
poured into ice and water. The separated product was
filtered,washed with sodium bicarbonate sclution,dried
and erystallised from dil.aéétic acid, m.p.21+70. Yield
0.3 ge )

Apalysis : Founmd : C,70.00 5 Hy4%430 %
Cy5H; 20y | requires : C,70.30 j H,4.72 %.

Friedel-Crafts propilorylation of Y-hydroxy-7-methoxy-
goumarin : 3-Propionyl-i-hydroxy-7-methoxycoumarin :

‘A mixture of 4-hydroxy-7-methoxycoumarin ('3 Ze)y
propionic acid (15 ml.) and phosphorpus oxychloride (6 ml.)
was refluxed on a wire gauze for 45 mimtes. The regction
mixture was decomposed with ice and water. The separated
product was filtered,dried and crystallised from acetic
acrjfd,m.p.168°. Yield 1.5 g y
Apmalysis : Fournd $ §,62.91 § H 4467 %e
Gy 3H; 505 requires : C,62.90 ;3 H,4.87 %.



.

A mixture of 3-proplonyl-k-hydroxy-7-methoxy-
coumarin (1 g.),freshly fused sodium acetate (3 go) and
acetic aphydride (20 ml.) was heated in an oil bath at
1%6»600 for 6 hr. The reaction mixture was decomposed
with ice and water and the separated product was filtered,
dried and crystallised from dil.acetic acid,m.p.228°.
Tield O.4 g ' |
Apalysis : Found : C,66.05 5 Hyht7 %o
Cy 5Hy 205 requires : C,66.17 § H k.44 Z.

Chalkone sypthesis 3-Cinnamoyl-i-hydroxy-6-methyl=-
goumarin :

L -Hyd roxy -3 -acetyl-6-methylcoumarin (1 g.) was
dissolved in ethamol (20 ml.,) and to the solution
benzaldehyde (1 ml.,) ard potassium hydroxide solution
(10 ml, j 50 % ) were added. The mi ture was shaken and
kept for 3 days at room temperature. It was diluted with
water and extracted with ether. The aqueous layer was
acidified amd the separated product was filtered,dried -
and crystailised from acetic acid,m.p.207°.Y1eld C.8 ga
Analysis : Found s C,74%. 4t 5 Hykeb2 Ze
Gy oHyy Oy requires : C,7hk45 3 H,4.60 %.
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Attempted cyclisation of 3-cinpamoyl-h-hydroxy-6-methyl=-

couma to 2-phenyl-9-methyl- ~d ioxo ~4H ~DYTa N0

-0 )b an $

3 <Cinnamoyl-4-hydroxy -6 -methylecoumarin (0.7 g.)
was refluxed with selenium dioxide (1 g.) in isoamyl
- alcohol (10 ml,) on a wire gaize for 40 hr. Isoamyl alcohol
was then steam distilled and the separated product waé
found to be the origimal coumarin . |

3-Cinnamoyl-h-hydroxy-7-methoxycoumarin :

To a solution of 4—hydroxy—3—aeetyl-?-methoxy-‘
coumarin (1 g.) in ethanol (25 ml.), benzaldehydé (1 ml.)
and potassium hydroxide solution (10 ml. 50 % ) wére
added and the reaction mixture waé kept for 3 days at room
temperature, On working up the reaction mixture as usual
the product was obﬁained which crystallised from écetic
acjd,m.p.236o. Yield 0.8 g.
Apalysis ¢ Found : C,70.33 ; H,4.11 %.
CigH1405  requires : C,70.80 j H,4.38 %.

3—(g—Mbthoxx)c}nnamozl¥4—gxggoxy-§—methxlcoumarin :
To a-solution of MAhydroxy—3-acetyl—é-methyl-

coumarin (1 g.) in ethanol (20 ml.),anisaldehyde (1 ml,)
and potassium hydroxide solution (10 ml. 3 50 % were
added gradually with stirring and kept for 3 days at room
temperature. The reagction mixture was worked up as usual
and the product crystallised from acetic acid,m.p.218°.
Yield 0.6 g.
Apalysis : Found : C,71.89 § H,5.15 %.
C,71.42 ;‘H,%.BO %e

Co0H; 405 requires
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}-(p-Mothoxy)einpamoyl -4 -hydroxy=-7-methoxycoumarin :

To a s9plution of 4-hydroxy=-3-acetyl~-7-methoxy-
coumarin (1 gs) 1in ethanol (20 ml.),anisaldehyde (1 ml.)
and potassium hydroxide solution (10 ml, § 50 %) were
added with stirring and ﬁas kept for 3 days at room
temperature. The reaction mixture was worked up as usual
and the product crystallised from acetic acid,m.p.213°.
Yield 0.6 g
Anglysis : Found : C,67;70 3y H)%470 %
CooH; ¢0¢ requires : C,éB.lB 3 Hy4%e58 %,

ted cyclisation of 3-einnamoyl-i-hydro
ethoxycoumarin, 3-(p-metho =¢ ipmamoyl-4-hydro
~methylcoumarin and 3-{p-methoxy)-einnamoyl
hydroxy~-7-methoxycoumarin to correspopmding coumarimo -
Y-pyrone derivatives :

A mixture of 3-cinnamoyl-h-hydrOXycoumarin
derivative (O 5 ge+)yisoamyl aleohol (5 ml.) and selenium
dioxide (0.5 g.) was heated on a wire gauze for 4O hr.
The reaction mixture was filtered hot and 1isoamyl -
alechol was steam distilled. Tﬁe separated product was
found to be unchanged 3-cinmamoyl-4-hydroxycoumarin

derivative,
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Attempted Baker-Vepkgtaraman transformation on 157
3-acetyl-tt-hydroxy~-6-methylecoumarin to synthesise

~phe «Qwme 1 -3 10% H, 5H-pyra -t

be nzo an s

A mixture of L4-hydroxy-3-acetyl-6-methylcoumarin
(1 g.),anhydrous potassium carbormate (3 g.) and benzoyl
chloride (1.5 ml.) in dry acetone (30 ml.) was refluxed
on a steam bath for 40 hr. On evaporation of acetone and

working up as usual original coumarin was isolated.

Attempted Claisen condensation of 3-acetyl-W-hydroxy-
goumarin with ethyl formate :

A mixture of 3—acetylélp—hydroxﬁrcoumarin (1 g,

ethyl formate (20 ml.) and pulverised sodium (1 g.) was
refluxed on a water bath for 10 hr. The reaction mixture
was filtered and the separated product 9n-eyaporation:’

of.acetone was: found-to be the origiml coumarin.

-
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