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CHAPTER -1V

SYNTHESIS OF BENZOFUROBENZOPYRANS, AYAPIN AND

DIOX0O-BENZO-DIPYRAN CARBOXYLIC ACIDS

Benzofurocoumarins occur in nature and are well known
for their estrogenic,1 insecticidal? antibacterial3 activi=-
‘“ies. They play important role as phytoalexinsﬁ: Therefofe,
it was thought of interest to synthesise benzofurobenzopyran

derivatives.

Macleod5 ..-. prepared dibenzofuran derivative by conden-
sing 2-bromocyclohexancne with 7-hydroxy coumarin (1), folhﬁmd
by treatment with ag. KOH under reflux to give (2), which
was readily dehydrogenated to give -benzofuro (3,2-g) (1)~

benzopyran~2(H)~one (3). [Scheme-1]

Ahluwalia and coworkers6 7. synthesised 8-aryl-7-phenyl-
benzofuro (3,2-g)l[1]-benzopyran-9%9(H)-one (7). They :.nd
condensed 2-bromocyclchexanone with 2,4-dihydroxy-benzophenone
(4) which gave (5) which was further condensed with phenyl-
acetylchloride under the conditions of phase transfer catalysis
to give (6). This was c¢yclised in alcoholic KOH and was

further dehydrogenated with DDQ to give (7). [Scheme-2]

Desai and Trivedi’ reported the synthesis of 2-oxo-2H-
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benzofuro(3,2-g)-benzopyran-derivatives (11) by condensing
different 7-hydroxycoumarins (8) with 2-bromocyclohexanone
which gave (9). This was cyclised with O0.1N alcocholic KOH

followed by dehydrogenation with DDQ gave (11). [Scheme-3]

PRESENT WORK

Synthesis of 2-oxo0-2H-benzofuro{3,2-g)-benzopyran (18)

Synthesis of 6,7,8,9~-tetrahydro~-4-hydroxy-2-oxo-2H-benzo-
furo(3,2-g)-benzopyran (15) prepared from 2,4-dihydroxy aceto-

<

phenone (12) 'is described on page No. 215%-23@§ (SCtheme~1)

Compound (15) when refluxed with p-toluenesulfonylchlo-
ride 1in presence of anhydrous potassium carbonate in dry
acetone gave 6,7,8,9-tetrahydro-4-p-tosyloxy-2-oxo-2H-benzofuro-
(3.2-g)-benzopyran (16). The étructure of this compound
was assigned on the basis of PMR spectra of this compound
taken in (DMSO—dS) (Fig. 1). The broad multiplet at £ 1.6-
2.0 indicated four protons at C-7 and C-8. Singlet at § 2.3
indicated ~CH3 group of tosyl ring. Multiplet at 5 2.4-2.8
indicated four protons at C-6 and C-3. Singlet at & 6.2
indicated proton at C-3. Two doublets at & 7.05 and 7.9
J=9Hz indicated two protons at C-2' and C-3'. Two doublets
at 6 7.3 and 7.55, J=9Hz indicated two protons at C-5' and
C-6"'. Two singlets at&7.45 and 7.75 indicated two protons

at C-5' and C-11.
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Reductive detpsyloxylation8 of compound (16) by =zinc
dust and hydrochloric acid gave 6,7,8,9-tetrahydro-2-oxo-
2H-benzofuro{3,2-g)~-benzopyran (17). The structure of this
compound was assigned on the baéis of its PMR spectrum taken

in (CDCl (Fig. 2). The multiplet at § 1.7-2.1 indicated

3)
four protons at C-7 and C-8. The another multiplet at §

$2.4-2.8 indicated four protons at C-6 and C-9. The two
doublets at §6.25 and 7.75,J=9Hz indicated orthocoupling
of two protons at C-3 and C-4. Two singlets apS?.ZS and
7.32 indicated two protons at C-11 and C-5. Compound (17)

when refluxed in diphenylether with palladised charcoal (10%])

gave 2-o0oxo-2H-benzofuro-(3,2-g)-benzopyran (18). The stiructure
of this compound was assigned on the basis of its PMR spectrum
taken in '(CDC13) (Fig. 3). The doublet at§6.35, J=9Hz indi-
cated pro{on at C-3. The another doublet is mixed with other

signals of aromatic protons. The broad multiplet'fromé§7.2—

8.0 indicated all remaining aromatic protons.

Synthesis of 1l1-methyl-2-oxo0-2H-benzofuro-(3,2~-g)-benzopyran

(25)

Synthesis of 6,7,8,9-tetrahydro-4-hydroxy-11-methyl-
2~oxo-2H—benzofurp—(3,Zﬁ)—benzopyran (22) prepared from 2,4-
dihydroxy-3-methylacetophenone (19) is ‘described on page
No. 235)- 284] B

Compound (22) +v.wasilon refluxed with p-toluenesulfo-

i
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nylchloride in presence of anhydrous potassium crbonate in
dry acetone gaveg.v< 6,7,8,9-tetrahydro-4-(p-toluenesulfonyloxy)
@Qheme*ff)
11-methyl-2-o0xo0-2H-benzofuro-(3,2-g)-benzopyran (23). N The
structure of this compound was established: by its PMR spectrum
taken' in (CDCl; ) (Fig. 4). Multiplet at§1.65-2.1 indicated
four protons at C-7 and C-8. Two singlets at$2.55 indicated
two -—CH3 groupg . The multiplet at§2.4-2.8 indicated 4 protons
at C-6 and C-9. Singlet at £6.15 indicated proton at C-3.
The singlet at § 7.35 indicated. proton at.C-5. The another
singlet at & 7.4 indicated two protons at C-2' and C-3'.
Singlet at{7.8 indicated proton at C-5' and another singlet

at §7.9 indicated proton at C-6'.

Compound (23) on reductive (:'le?:osyloxylat:’Lon8 with zinc
dust and HC1 gave 6,7,8,9-tetrahydro-~1l-methyl-2-oxo0-2H~
benzofuro (3,2-g)-benzopyran ‘(24). The structure of this
compound was assigned on the basis of its PMR spectrum taken
in (cDCl ) (Fig. 5). Multiplet from & 1.6-2.0 indicated
four protons at C-7 and C-8. The another multiblet from
82.4(-2:85 indicated four protons at C-6 and C-9. Singlet

at & 2.55 indicated -CH, group at C-11. Two doublets at

3
&6.3 and 7.8, J=9Hz indicated orthocoupling of two protons

at C-3 and C-4. Singlet at g 7.25 indicated aromatic proton
at C-5. Compound (24) was refluxed with palladised charcoal

(10%) in "diphenylether gave 11-methyl-2-oxo-2H-benzofuro-
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(3,2-g)~benzopyran (25) [Scheme-5]. The structure of this
compound was established by PMR spectrum taken in (CDCIB}
(Fig. ©6). The signals are as follows : Singlet at § 2.6
indicated -CH, at C-11. The doublet at § 6.3, J=9Hz indicated
orthocoupling of proton at C-3. Multiplet from §7.1-7.9

indicated all remaining aromatic protons.

Synthesis of Ayapin (34) and 4-chlorcayapin (37)

Ayapin 1is naturally -occuring coumarin which exhibits
hemostaticg and antibiotic 10 activities. Three methods

are reportedll‘in literature for the synthesis of ayapin.

Crossby and c:owmc'kersl2 reported the synthesis of ayapin

from 3,4-methylnedioxy phenol which on reaction with ethyl
3,3~-diethoxypropionate and phosphoric acid gave 3,4-dihydro-
4—(3',4'—methylenedioxy—6'~Hydro£ypheny1)—6,7—methylenedioxy
coumarin which on heating at 350°C gave ayapin. 3,4-Methylene-
dioxyphenol on reaction with 3-ethoxy acrylylchloride and
phosphoric acid gave ayapin directly. [Scheme-6]

13 syﬁthesised ayapin by starting

Kelkar and coworkers
with piperonal (26) which was converted to 5—methyl-p¥nitro~
styrene (27) wusing nitroethane and ammonium acetate. (27)
was converted to 2~hydroxy-4,5-methylenedioxy benzaldehyde
(28) by the reaction of acetyl chloride and aluminium chloride

at -30°C. It was then converted to ayapin by intramolecular

Wittig reaction using the corresponding ylide. [8cheme-6]
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Scheme -6 Caosby and Cowoakehs
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" .
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To synthesise ayapin the tfechnique of preparing unsatu-
rated coumarin ring by tosylation followed by reductive detosy-

loxylation of 6,7-methylenedioxy-4-hydroxy coumarin, is used .

Benzoquinone on acetylation with acetic anhydride and
conc. sulfuric¢ acid gave hydroxyhydroguinone triacetate (29}.
This when refluxed with zinc chloride and acetic acid gave
2,4,5-trihydroxyacetophenone (30), This was condensed with
diiodomethane in presence of anhydrous potassium carbonate
and dry acetone to give 4,S—methylenedi0xy~2-hydroxyacetophgxme
{(31) [Scheme-7], which was also prepared from sesamol by
Heesch method?4 The structure of this compound was establi-
shed by its PMR spectirum taken in (CDClS) (Fig. 7). Singlet
for 3H at § 2.45 indicated —COC§3 group. Singlet at § 5.9 is
for methylenedioxy group while singlet at § 6.3 is for aroﬁatic

proton at C-3 and singlet at § 7.05 indicated aromatic protong
at C-6. -

T

Compound (31) was condensed with diethylcarbonate in
presence of pulverised Na to give 4-hydroxy-6,7-methylenedioxy-
2-0x0-2H-benzopyran (32). This when condensed with p-toluene-
sulfonylchloride in presence of anhydrous potassium carbonate
and dry acetone gave 4-(p-toluenesulfonyloxy)}-6,7-methylene-
dioxy-~2-oxo-2H-benzopyran (33). The structure of this compound
was assigned on the fbasis of its PMR spectrum taken in (CDClS)
(Fig. 8). Singlet at & 2.45 is for —CH% group of tosyl ring.

Singlet at § 5.9 is for -0-CH,-0- group. The singlet at §6.05

is for proton at C-3. Two singlets at § 6.7 andf§6.85 are
for protons at C-8 and C-6. The doublet at §7.28 J=9Hz is for
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proton at C-2' and C-3'. The another doublet at § 7.75 is
for proton at C-5' and C-6".

Reductive detosyloxylation of compound (33) was done
by zinc dust and HCl to give 6,7-methylenedioxy-2-oxo-2H-
benzopyran (34) or ayapin, the naturally occuring coumarin.
The structure of this compound was assigned on the basis

of its PMR spectrum taken in (CDCl,) (Fig. 9). The signals

3
are as follows : Singlet at § 6.0 is for -O-CHZ-O- group.
The doublet at § 6.2, J=9Hz is for proton at C-3. The another
doublet at & 7.5, J=9Hz indicated orthocupled proton at C-4.

Singlet at § 6.75 indicated two protons at C-5 and C-8.

15 obtained 4-chloro ayapin

Satyanarayan and coworkers
(37) during the esterification of trans-3,4-dimethoxy cinnamyl
“alcohol (35) with 2-methoxy-4,5-methylenedioxy phenylpropio‘ic
acid (36) [Scheme-8]. They converted acid (36) to acid chloride
by refluxing with thionyl chloride and this acid chloride
was refluxed with alcochol (35) which surprisingly gave (37).

It was therefore thought of interest to prepare 4-chloroayapin

by an independent route from the corresponding 4-hydroxy

coumarin.

6,7-Methylenedioxy-4-hydroxy-2-oxc-2H-benzopyran (32
was refluxed with phosphorusoxychloride, whichd gave 4-chloro-
ayapin (37) [Scheme-9]. The strycture of this compound was

assigned on the basis of PMR spectrum taken in (CDCl3) (Fig.10)
The singlet at §6.0 is for —O—CHZ—O— group. The another singlet
at & 6.35 indicated proton at C-3. Two singlets at § 6.75

and & 7.1 indicated protons at C-8 and C-5 respectively.
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Compound (:37) when refluxed with =zinc dust and acetic
acid gave ayapin (434). The m.p. and m.m.p. of compound (34)

obtained by both methods were same. [Scheme--8]

Synthesis of dipyran-carboxylic acids

Disodium cromoglycate (D.S.C.G.) is c¢linically useful
antiallergic agent particularly for bronchial asthama. It
is thought to inhibit the release of mediators like histamine,

several kinins etc. of immediate hypersensitivity reactions%6

Vercauteren17 PR reﬁorted the use of activated alkynes
for condensing it with tryptaﬁine in Pictel-Spengler synthesis
of tetrahydrojﬁ—carbolines‘ which involves acid catalysed
ring closure. Srimannarayana and coworker§BJ have synthe-
sised 4,10-dioxo-2-phenyl-4H~-10H-benzo (1,2-b : 3,4;b‘)dipyran—
BEFarboxylic acid (39) from 7-hydroxy flavones (:38) [Scheme-

10} using dimethylacetylenedicarboxylate (DMAD}.

Present work

~

Synthesis of different dioxo-benzo-dipyran-8-carboxylic
acids 1is achieved by condensing different hydroxycoumarins

with dimethylacetylene dicarboxylate (DMAD]).

Synthesis of methylester of 2,10~dioxo-4-methyl-2H-10H-benzo

(1,2-b : 5,6-b')~dipyran-8~carboxylic acid (44)

7-Hydroxy-4-methyl coumarin (40) was condensed with
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DMAD in presence of anhydrous potassium carbonate and dry
acetone. The adduct (41) obtained was found to be a mixture
of Cis-trans isomers as revealed by its PMR spectra, It
was not possible to sepa;ate these isomers either by column

]

chromatography or by preparative TLC method. Geor'g"el9 and

Srimannarayana and coworkersiS' also could not separate the
Cis~trans isomer of the adducts obtained by condensing phenols
with DMAD. The IR spectra of compound (4) showed band at

1710 cm "t & 1760 cm™ ' for ester group {(Fig. 15;.

H

Mild hydrol&sis of the adduct (41) in ag. potassiumhydro-
xide (4%} at room temperature furnished the corresponding
mixture of Cis-and trans-dicarboxylic acid (42) which also
could not be sepérated into «©cis and trans isomers. The IR
of this compound showed band at 1710 - 1730 cﬁ~1 for carbonyl

group of acid and broad band at 2500 - 3000 em™ 1

for -OH
of carboxylic acid ~"x.. 1%},

i

Compéund (42} was cyclised in the p;esence of sulfuric
acid, at 75°C to give 2,10-dioxo-4-methyl-2H-10H-benzo {1,2-b
5;6—b')~dipyran—8—carboxylic acid (43) {Scheme~ﬂ@]. The
structure of this compound was established by its PMR spectrum
taken in (TFA) (Fig. 2¢; which showed singlet at 5 2.67 for_
»CHS at C-4. The singlet at § 6.4 is for proton at C-3.

The another singlet at § 7.53 is for proton at C-9. Two

doublets at & 7.8 and 8.28, J=0Hz indicated orthocoupling
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of two protons at C-5 and C-6. Singlet at'g 3.7 indicated
-COOH proton. The IR spectra showed bands at 1630 - 1650
ém~! for C=0 of chromone. The band at 1700 = 1720 cm -
is for C=0 of coumarin and acid. The band at 2500 - 3400

cm is for -OH of -COOH group.

Compound- (43) .was methylated with dimethylsulfate in
presence of sodium bicarbonate and dry acetone to give methyl-
ester og 2,10~-dioxo~4-methyl-2H~-10H~-benzo (1,2-b : 5,6-b')
dipyran-8~carboxylic acid (44). The structure of this comp-~
ound waé assigned on the basis of elemental agalysis and

mass specira whichiexhibited the molecular ion peak at m/e

300. (Fig. 41)

Synthesis of 2,6~-dioxo-4,10-dimethyl-2H~-6H-benzo(1,2-b

4,5-b') dipyran-8-carboxylic acid (48)

v

\7—Hydroxy—4.8-dimeth§l coumarin (45) was condensed with
DMAD in presence of anhydrous potassium carbonate and dry
acetone to give adduct (46) which was a mixture of Cis—trané
isomers. The IR spectra showed band at 1720-1760 c:m_‘1 for

ester and »C=0 of coumarin ring. The band at 2995 cm !

is for ethylenic proton (Fig. 122).(scheme=(2)

Compound (46) on mild hydrolysis with 4% ag. potassium

hydroxide gave the mixture of corresponding cis-trans acid
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473, The IR spectra of this compound showed broad band
at 1700 - 1750 cm~1 for > C=0 of acid and »C=0 of coumarin

ring. The broad band at 2400-3100 cm™*

indicated -0H of
~COOH group (Fig. 13). xCompound 4b7) on cyclisétion in conc.
H,S0, at 75°C gave 2,6-dioxo-4,10-dimethyl-2H-6H-benzo(1,2-b
4,5-b') dipyran-8-carboxylic acid (48) [Scheme—liﬁ. The
structure of this compound was assigned on the basis of eleme-

ntal analysis and IR spectra (Fig. 145. The band at 1660

cm -l,is of $C=0 of chromone ring, at 1720 cm'1 is for
>C=0 of carboxylic acid and at 1760 em™t is for »C=0 of couma-
rin ring. The methylester of compound (48) was prepared

by condensation with dimethylsulfate in presence of sodium
bicarbonate and dry acetone to give methylester of 2,6-dioxo-

4,10-dimethyl-2H~-6H-benzo (1,2-b : 4,5~b')-dipyran-8-carboxylic

4

acid (49). g

Syrthesis of 2.5—diox0-4—meth&l—2H—5H—benzo(1.Z—b—: 3,4-b' )~

dipyran-7-carboxylic acid (53)

6-Hydroxy~-4-methyl c¢oumarin (5.0} was condensed with
DMAD i#presence of anhydrous potassium carbonate and dry
acetone to give adduct (51), which was mixture of cis-trans
isomers. The IR spectra of this compound exhibited broad
band at 1720 - 1760 cm"1 for > C=0 of ester and coumarin ring.

The sharp band at 2995 Cﬂl—l is for ethylenic proton (Fig. 15).

Mild hydrolysis of (51} in 5% ag. potassium hydroxigde gave
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the corresponding acid (52) which is‘*also a mixture of cis-
trans isomers. The structure of this compound was assigned
on the basis of elemental analysis and IR specira (Fig. J46).

The IR spectra showed the bands at 1700 - 1720 c:m_1 and 1740

cm-1 for +$C=0 of carboxylic acid and coumarin ring. The
broad band at 2500 - 3100 cm“1 is for -0OH of -~COOH group.

Compound (52) on cyclisation with conc, HZSO4 gave 2,5-dioxo-

4-meth%%~2H—5H~benzo {(1,2-v : 3,4-b')-dipyran-7-carboxylic
acid (53) [Scheme-1%] (Fig. 17). The IR spectra showed band
at 1660 cm "1 for >C=0 of chromone ring,at 1720 em™ ! for

>C=0 of coumarin ring and at 2500 - 3500 cm Tis for -OH of
carboxylic acid. This compound on methylation with dimethyl-
sulfate in presence of sodium bicarbonate and dry acetone
gave the methylester of 2,5-dioxo-4-methyl-2H-5H-benzo (1,2-b

3,4-b')-dipyran-7-carboxylic acid (54) '~ " :°
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EXPERIMENTAL

All melting points are uncorrected. PMR spectra recorded
on Perkin-Elmer R-32 Spectrometer (90 MHz) using TMS as inter;
nal standard. IR spectra recorded on Schimadzu Spectrometer
R~40 using KBr pallet technique. "Silica gel used for column

chromatography with mesh size 60-120.

6,7,8,9-Tetrahydro-4-hydroxy2-oxo~-2H-benzofuro-(3,2-g)-benzo-

pyran (15)

5,6,7,8-Tetrahydro-2-hydroxy-3-acetyl-dibenzofuran (1.0 g)
dissolved in diethyl carbonate (10.0 ml) was added slowly

to pulverised sodium (2.0 g) and heated in waterbath for

10 hrs. Alcohol was added to dummp@nunreacted Na metal and
poured into ice-cold water. It was acidified with conc.
HC1. The product xbtedxwed wax crystallised from alcohol.

M.p. 280°C. Yield (0.8 gj}.

Analysis : Found : C, 70.09% ; H, 4.97%

0 . s . o . !
C15H12 4 : requires : C, 70.33% ; H, 4.859%

6,7,8,9-Tetrahydro-4-p-tosyloxy-2~oxo~2H-benzofuro (3,2-g)-

benzopyran (16)

A mixture of 6,7,8,9-tetrahydro-4-hydroxy-2-oxo-2H-benzo-

furo (3,2-g)~-benzopyran (1.0 g)}p—toluenesulfonylchloride (1.0 g)



317

and anhydrous potassium carbonate (4.0 g) was refluxed in
dry acetone (100 ml) for 14 hrs. It was worked out as usual .
The soclid obtained was washed with sodium bicarbonate several
times. It was purified by column chromatography using benzene o5’

duﬁﬁgﬁtcrystallised from benzene. M.p. 211°C, yield (0.8 g).

Analysis : v Found : C, 64.80% ; H, 4.50%
. 3 . [ . .
C22H18068 : requires : C, 64.39% ; H, 4;39%

6,7,8,9-Tetrahydro-2-oxo-2H-benzofuro-(3,2-g)-benzopyran (17)

Y

6,7,8,9-Tetrahydro-4-p~tosyloxy-2-oxo-2H-benzofuro(3,2-g)-
benzopyran (1.0 g) was dissolved in benzene-alcchol (1:10)
mixture (400 ml). To this zinc dust (3.0 g) and conc. HCI
{10 ml) were\added and refluxed on sandbath for 1 hr. The
excess of benzene-alcohol mixture was distilled out)& filtered
and poured over ice (30 g). The o0il obtained was extra;ted
with ether and purified by preparative TLC wusing benzen% ’
5 xunring -sekwank. It exewed RIgdek-yRAksw XXMOXBXXEREER

¥x N¥X XXgK¥, crystallised from benzene. M.p. 150°C, Yield

(0.2 g).

énalysis : Found : €, 75.40% ; H, 5.15%
H : Jui : . ; .

C15 12O3 requires c, 76.00% ; H, 5.00%

~

2-0x0~-2H-benzofuro-(3,2-g)~-benzopyran (18)

6,7,8,9~Tetrahydro-2-oxo-2H-benzofuro-(3,2~-g)-benzopyran
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(0.2 g) was disscolved in dry benzene and DDQ (0.4 g} dissolved
in dry benzene was added to it and refluxed for 6 hrs. It

, the remaining
was filtered, excess of benzene’ distilled out andAbenzene<

abkxknmag was passed through silica gel. The product >atxbaixed

H%¥¥ crystallised from benzene. M.p. 207°C, Yield (0.1 g).

Analysis : Found : C, 76.00% : H, 3.44%

. 3 . it) N
CiSHBOa : requires : €, 76.28% ; H, 3.39%

6,7,8,9~Tetrahydro~4-hydroxy-11-methyl-2-0xo0-2H~benzofuro~

(3,2-g)~benzopyran (22)

s

Compound (21) (1.0 g) dissolved in diethylcarbonate
(10 ml) was added slowly to the pulverised Na (2.0 g) and
heated in waterbath for 8 hrs. Alcohol was added to decompose
unreacted Na and then. poured into ice. It was acidified

with conc. HC1. The product cillginzd weas crystallised from

ethanol. M.p. 301°C, Yield (0.8 g).

Analysis : Found : €, 70.83% ; H, 4.70%

. i . . ) g
816H1404 : requires : C, 71.11% ; H, 5.19%

6,7,8,9-Tetrahydro—4—p—tosyloxy~11—methy1-é—oxo—ZHJbenzofuro~

{(3,2-g)-benzopyan (23)

A mixture of 6,7,8,9-tetrahydro~4-hydroxy-1l-methyl-2-oxo-

ZH-benzofuro (S,Z—gj—benzopyran (1.0 g),p-toluenesulfonyldhloride
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{1.0 g) and anhydrous potassium cabonate (4.0 g) was taken

in dry acetone (100 ml) and refluxed for 14 hrs. It was
worked out as usual. The product was purified by column
chromatography using benzene. It .3 crystallised {from

benzene. M.p. 227°C, Yield (0.85 g}.

Analysis : Found ¢ C, 65.49% ; H, 4.57%

. + . q . [
623H20068 : requires : C, 65v08% ,; H, 4.72%

6,7,8,9-Tetrahydro-1l1-methyl-2-0x0~2H~benzofuro (3,2-g)-benzo-

pyran (24)

Compound (23) (1.0 g) was dissclved in benzene-alcochol
{(1:10) mixture (400 ml) and zinc dust (3.0 g) and conc. HCI
{15 ml) were added to it and refluxed for one hr. The excess
6f benzene-alcohol mixture was distilled out and filtered
andite., poured into ice {30 g). The o0il obtained was extra-
cted with ether. It was purified by column chromatogaphy

6
using benzene, crystallised from benzene. M.p. 168C, Yield

{0.3 g).

Analysis : Found : C, 75.10% : H, b5.77%
: . 9 . [

616H1403 requires : C, 75.59% : H, 5.51%

11-Methyl-2-oxo~2H~benzofuro-(3,2~g)-benzopyran (25)

A mixture of 6,7,8,9-tetrahydro-11-methyl-2-oxo-2H-benzo-
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furo (3,2-g)-benzopyran (0.3 g) and palladised charcoal (10%)
(0.25 g) was refluxed in diphenylether (5.0 ml) for 12 hrs.
It was filtered hot and poured into pet. ether. It crysta-

llised from benzene. M.p. 226°C, Yield (0.18 g).

Analysis : Found : C, 75.95% ; H, 4.37%

. 3 . . D
C16H1003 : requires : C, 76.00% ; H, 4.00%

2,4,5-Trihydroxy-actophenone (30)

A mixture of hydroxyhydroquinonetriacetate (30.0 g},
anhydrous zinc chloride (45.0 g) and acetic acid (45.0 g)
was heated for 20 minutes. It %as then poured inot (1:1)
ice cold HCl. The solid obtained ‘was filtered and filtrate
was extracted with ether. The combine product crystallised

from hot water. M.p. 202°C, Yield (6.0 g).

Analysis ; Found : C, b7.60% ; H, 4.77%

88H804 : requires : C, 57.14% ; H, 4.76%
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4,5-Methylenedioxy-2-hydroxy-acetophenone (31')

A mixture of 2,4,5~trihydroxy acetophenone (1.7 g},
anhydrous potassium garbonate (7.0 g) and diiodomethane (0.8
ml) was refluxed in dry acetone (100 ml) for 16 hrs. It
was worked out as usual. The product obtained was fgltered
and extracted with benzene. On evaporation of benzene gave
the product, which wa&x crystallised from pet. ether. M.p.

112°C, Yield (1.0 g).

Analysis : Found : €, 60.45% ; H, 5.06%
CQH804 : requires : €, 60.00% ; H, 4.44%

e
4,5-Methylene-dioxy-2-hydroxy-acetophenone by Hosch method (31)

To a mixture of Sesamol (6.0 g),anhydrous =zinc chloriae
(3.0 g), dry ether (30.0 ml} and freshly distilled acetonitrile
(3.0 ml), dry HCl1 gas was passed at 0-5°C till the solution
becomes saturated (4-5 hrs). It was kept overnight for 2
days and then solvent ether was removed. Water was added
to the pasty material ebtained. The water extract was neutra-
lise slowly with 1ligqg. NH5. It was then heated on wire gauze
for 15 minutes. The solid obtained was filtered and crystal-
lised from pet. ether. The m.b. and m.m.p. WwWere Ssame as

obtained earlier, i.e. 112°C, Yield (1.0 g).
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4-Hydroxy-6,7-methylenedioxy-2-oxo-2H-benzopyran (32)

4,5-Methylenedioxy-2-hydroxy-acetophenone (1.0 g),
dissolved—in diethylcarbonate (5.0 ml) was added slowly f{o
the pulverised Na (1.0 g) and then little excesé of diethyl-
carbonate was added and heated for 4~5 hrs in waterbath.
Alcchol was added to remove unreacted Na metal and then poured
into ice-cold water. The product obtained was treated with
sodiumbicarbonate and filtered,%iﬁvdlacidifiediicn with conc.
HC1 --.. The product. \Grystallised from ethanol. M.p. 290°C,

Yield (1.1 g).

Analysis : Found : C, 57.899% : H, 3.41%

: i : % . 9%
ClOHSOB : requires : C, 58.25% ; H, 2.91%

4ETosyloxy—6,7—methylenedioxy—2—oxo—2H—benzopyran (33)

A mixture of 4-hydroxy-6,7-methylenedioxy~2-oxo~2H~-benzo-
pyran (2.0 g) p-toluenesulfonylchloride (2.0 g) and anhydrous
potassium carbonate (8.0 g) was refluxed in dry acetone (100
ml) for 8 hrs, It was worked out as usual. The product
obtained was filtered and washed with sodium bicarbonate
to remove unreacted compound. It was purified by column chroma-
tography, using benzene.lt Crystallised from benzene. M.p.

180°C, Yield (1.5 gj.

Analysis : Found : C, 56.96% : H, 3.81%
. $ . 9 . 9
017H12Q7S : requires : C, 56.67% : H, 3.33%
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6,7-Methylenedioxy-2-oxo-2H~benzopyran or Ayapin (34)

4-p-Tosyloxy-6,7-methylenedioxy-2-oxo~2H-benzopyran
(1.ng) was dissolved in ethanol (100 ml). To this zinc dust
{3.0 g) and conc. HCl (15 ml) were added and refluxed for
one hr. The excess of alcohol was distilled out and it was
filtered hot and poured over ice (30 g). The o0il obtained
was extracted with ether, purified by preparative TLC using
benzene. It crystallised from benzene. M.p. sublimes 170~
172°C, M.p. 223°C under cover slide {Lit.13 m.p. 225 under

cover slide, sublimes 170°C). Yield (0.3 g).

Analysis : Found : C, 62.76% ; H, 3.53%

. 3 - g, . (}
ClOH604 : requires : C, 63.16% ; H, 3.16%

4-Chloro ayapin (37)

A mixture of 6,7-methylenedioxy-4-hydroxy-2-oxo-2H~benzo-
pyran {1.0 g} and phosphorusocoxychloride (4-5 ml)} was refluxed
for 6 hrs. It was poured in ice cold water. The product

obtained was purified by preparative TLC using benzene. It

15
crystallised from benzene. M.p. 183-184°C (Lit. m,p. 179~
80°C), Yield (0.4 g).

Analysis : Found : C, 54.00% ; H, 2.70%
c,-H.O0 C1 : requires : C, 53.48% ; H, 2.23%

1076574
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Ayvapin from 4-chloroayapin

4-Chloro ayapin (0.5 g}, zinc dust (1.0 g) and acetic
acid (15 ml) were heated for 30 minutes. It was filtered
and then poured over ice. The product ogtained was purified
by preparative TLC using benzene. 1t showed blue fluoroscence

in UV 1light. Crystallised from benzene. It showed same

fi.p. 170-172°C and m.m./p. as compound (34) cobtained earlier.

7-Hydroxy-4-methyl-benzopyran-2-one + Dimethylacetylene -

dicarboxylate (41)

To a mixture of 7-hydroxy-4-methyl-benzopyran-2-one
(3.4 g) and anhydrous potassium carbonate (3.0 g) in dry
acetone (150 ml)} a solution of DMAD (3.0 g) in acetone {25
ml) was added slowly with stirring during 3 hr. at room ¢
temperature. It was stired further for 8 hr. The reaction
mixture was filtered, concentrated and extracied with ether

{3 x 300 ml). The etheral solution was washed with ag. NaOH

and water dried, and solvent was removed to give pale yellow

which
solid, A crystallised {from benzene. M.p. 98°C, Yield (2.0g)
Analysis : Found : C, 59.96% : H, 4.79%
. 3 - . %
C16H14O7 : requires *: C, 60.39% : H, 4.40%

Hydrolysis of Adduct (41}, (42)

The adduct (41} (2.0 g) was stirred with potassium hydro-~
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xide (4%) (200 ml) for 3 hr. and left overnight at room tempe-

rature. The alkaline solution was washed with ether to remove

unhydrolysed ester. It was then acidified with conc. HCIL

and then extracted with ether. On evaporation of ether, the
wo>

productﬁobtained.aIﬁ’crystallised from ethanocl. M.p. 205°C,

Yield (1.0 g).

Analysis : Found : C, 57.69% ; H, 3.91%

. i . o . 9
014H1007 : requires : C, 57.93% ; H, 3.45%

2,10-dioxo~4-methyl~2H~10H-benzo (1,2-b : 5,6-b'}~dipyran-8-

carboxylic acid (43)

The dicarboxylic acid (1.0 g) was 1treated with conc.
HZSO4 {10 ml) and heated at 75°C for 1 hr. The reaction
mixture was cooled to 5°C and poured over crushed ice (30 g)

and left overnight. The solid separated was filtered, dried

and crystallised from ethanol. M.p. 270°C, Yield (0.5 gJ).

Analysis : Found : €, 61.31% ; H, 3.41%

. 3 . . [
C14H806 : requires : C, 61.76% ; H, 2.94%

Methylester of 2,10~dioxo-4-~methyl-2H~10H-benzo {(1,2-b

5,6-b')~dipyran~-8-carboxylic acid (44)

A mixture of compound (44) (0.5 g), sodium bicarbonate

(2.0 g) and dimethyl sulfate (0.4 ml) was refluxed in dry
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acetone (30 ml) for 6 hrs. It was worked out as usual.
The product obtained was filtered, dried and crystallised

from ethanol. M.p. decomposes at 230°C, Yield (0.3 gJ).

Analysis : Found : C, 63.40% ; H, 3.94%

. 3 . 0. .
C15H1006 : requires : C, 62.,93% :; H, 3.50%

7-Hydroxy-4,8-dimethyl~benzopyran-2-one + dimethylacetylene-

dicarboxylate (46)

To a mixture of 4,8-dimethyl-7-hydroxy-benzopyran-2-
one (3.0 g) anhydrous potassium carbonate (3.0 g) in dry
acetone (150 ml), a solution of DMAD (2.9 g) in dry acetone
(25 ml) was added slowly with stirring during 3 hrs at room
temperature. It was stirred further for 8 hrs. The reaction
mixture was filtered, concentrate and extracted with ether -
{3 x 300 ml). The etheral solution was washed with ag. NaOH
andwater, dried and solvent was removed fo give pale yellow

O

solid ; which - . <c¢rystallised from benzene. It wasamixture

0of cis-trans isomers. M.p. 70°C, Yield (2.0 gJ).

Hydrolysis of Adduct (46) = (47)

The adduct (46) (2.0 g) was stirred with ag. potassium
hydroxide (4%) (200 ml)}) for 3 hrs. and left overnight at
room temperature. The alkaline solution was washed with

ether to remove unhydrolysed ester. It was then acidified

with conc., HCI and extracted with ether. On evaporation
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of ether, the product obtained was crystallised from ethanol.

M.p. 200°C decomposes, Yield (1.0 g).

Analysis : Found : C, 59.00% ; H, 4.11%

CI5H1107 : requires : C, 59.41% ; H, 3.63%

2,6-Dioxo-4,10-dimethyl~-2H-6H~benzo {(1,2-b : 4,5-b')~dipyran-

8-carboxylic acid .(48)

The dicarboxylic acidmixture (1.0 g) was treated with
COngG. H%?QQ (10 ml) and kept at 75°C for 1 hr. The reaction
mixture was cooled to 5°C and poured over crushed ice (30
g) and left overnight. The so0lid separated was filtered,

dried and crystallised from ethanol. M.p. 288°C, Yield (0.5 g)

Analysis : Found : C, 62.50% ; H, 3.88%

. 3 . LA .
C15H1006 : requires : C, 62.94% ; H, 3.50%

Methylester of 2,6-dioxo-4,10-dimethyl-2H-6H-benzo {(1,2-b

4,5~b')-dipyran-8-carboxylic acid (49)

A mixture of compound (48) (0.5 g), . sodiumhicarbonate
{2.0 g) and dimethyl sulfate (0.4 ml) was refluxed in dry
acetone (30 ml) for 6 hrs. It was worked out as usual. The
product obtained was filtered, dried and crystallised from

ethancl. M.p. 148°C, Yield (0.155 gJ}.
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Analysis : Found : C, 63.86% ; H, 4.51%

. : . 0. . [
CiOleoﬁ : requires : C, 64.00% ; H, 4.00%

6-Hydroxy-4-methyl-benzopyran-2-one + DMAD (51)

To a mixture of 6-hydroxy-4-methyl coumarin (3.4 g)
and anhydrous potassium carbonate (3.0 g) iﬁ dry acetone
(150 ml), a solution of DMAD (3.0 g} in dry acetone (25 ml)
was added slowly with stiring during 3 hr. at room temperature.
The reaction mixture was stirred further 8 hrs. It was
filtered concentrated and extracted with ether (3 x 300 ml).
The etheral solution was washed with ag. NaOH and water,
dried and evaporated to give solid which crystallised from

benzene. M.p. 75°C, mixture of cis-trans isomer, yield {(1.8g).

Analysis : Found : C, 59.97% : H, 4.90%

. : . g . g
C16H14O7 : requires : C, 60.38% ; H, 4.40%

Hydrolysis of adduct (51} = (52)

The- adduct (51) (2.0 g) was stired with aqg. potassium
hydroxide 4% (200 ml) for 3 hrs. and left overnight at room
temperature. The alkaline solution was washed with ether
to remove unhydrolysed ester. It was acidified with conc.
HC1 and extracted with ether. The product was obtained on
evaporationof scolvent and crystallised fromethanol. M.p.

165°C, Yield (1.0 g).

1471077

Analysis : Found ¢ (C, 57.88% ; H, 3.84%
c,,H, .0 : requires : C, 57.93% ; H, 3.45%



2,5-Dioxo-4-methyl-2H-5H-benzo (1,2-b : 3,4-b')-dipyran-7

carboxylic acid (53)

The dicarboxylic acid (1.0 g) was treated with conc.
HLSO4_ {10 ml)} and heated at 75°C for 1 hr. The reaction
mixture was c¢oocled to 5°C and poured info crusﬁed ice (30
g} and left overnight. The so0lid separated was filtered,
dried and crystallised from ethanol. M.p. 265°C decomposes.

Yield (0.45 g).

Analysis : Found ¢ C, 61.28% ; H, 3.45%

0 : i : .76% .94%

C14H8 6 requires C, 61.76% : H, 2.94%
5H

Methyl ester of 2,5-dioxo~4-methyl-2Hgbenzo (1,2-b : 3,4-b')-

dipyran-7-carboxylic acid (54) .

A mixture of compound (53) (0.5 g), sodium bicarbonate

(2.0 g) and dimethyl sulfate (0.4 ml) was refluxed in dry
acetone (30 ml) for & hrs. It was worked out as usual.

"The product obtained was filtered, dried and crystallised

from ethanol. M.p. 120°C, Yield (0.35 g}.

Analysis : Found : G, 63.28% ; H, 4.01%

clsHiooa : requires : C, 62.94% : H, 3.50%

329
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