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CHAPTER - II1I

SYNTHESIS OF ISOCOUMESTAN AND COUMESTAN DERIVATIVES

Benzofuro (3,2-0)—be£zopyran—6{H)—ones, generally known
as coumestans constitute an important class of compounds
having estrogenic and phytéalexin activities.1'4 The parent
compound ceoumestan (1) is not so far known to occcur in nature,
but number of its oxygenated derivatives have been isolated
from variety of natural sources. The ‘common names like coume-
stan, coumarano coumarin, benzofuro-e& -benzopyrans or coumarino
benzofuran have been given to this class of compounds. The

usual numbering pattern in coumesfans is shown in structure

{1). Pterocarpan (2) is the reduced form of coumestan (1).

Coumestans have been isolated from different plant sources
belonging to the families of leguminose, papilinocaceae and
compositae. They are ultimate oxidation products and occur
in wvarious parts of plants like seeds, roots and leaves.
The fi{st natural compound of this series is Vii. Wedelactone
(3) was isolated by Govindachari et al.® A remarkable feature
of the majority of natural coumestans is the presence of
resorcinol unit in both the benzene rings, i.e. all of them
have oxygen functions at C-3 and C-9 positions. Some of
the naturally occurring coumestans are Wedelactone (3),
Salvitol, Saphoracoumestan.8 Trifoliol.¢ Repensol,8 Coumes-

10

trol,g Medicagol , Wair0111 shown in structures 4 and 5.
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Some complex coumestans have either fused furan or pyran

ring. A few of them have prenyl unit in one of the benzene

1

rings. Some of them are Sojagollz{ﬁ), Phaseoll3{7). Erosnin14

16

(8), Tuberstanis(gl, Isopsoralidin (10), Saphoracoumestan17

(113}.

METHODS OF SYNTHEQIS,QF COUMESTANS

Coumestan is a compound in which coumarin ring is fused
to benzofuran ring. In this ring system the C-3 C-4 bond
of coumarin and é-z C~3 bond of benzofuran is commonto each
other, The methods reported for the synthesis of coumestan
thus‘“involve either construction of furan ring on a preformed

3-aryl coumarin or construction of coumarin ring on a preformed

2-arylbenzofuran ring system.

~

Reterosynthetic analysis of coumestan suggests that
there could be different approaches +for the synthesis of

coumestan ring system. [Scheme-~1]

There are four different possible methods for the synth-
esis of coumestans as shown in Scheme-1, The first approach

involves construction of a furan ring on preformed 3-(2-hydroxy

18a

phenyl)-4-hydroxy coumarin (12}. Rebertson and Govind-

- 18b

achari independently synthesised several coumestans using

this approach [Scheme-2].

9
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Subba Rao and coworkerslg have reported a method which
involves condensation of 4-hydroxy coumarin with 2-chloro-~
cyclohexanone toc provide an intermediate (16) which on intra-
molecular cyclisation followed by dehydrogenation with palla-

dised charcoal gave coumestan. [Schems-3]

Kappe and Schmidtzo cyclised 4-hydroxy-3-phenylcoumarins
(17} apd its substituteﬁ derivatives by refluxing thém. in
diphenyl ether in presence of palladised charcoal (10%) to
obtain coumestans and its derivatives such as coumestrol.

[Scheme-4]

Wanzlick21 synthesised coumestans by oxidative coupling
of 4-hydroxy coumarin with catechol in presence of potassium

-ferricynide and sodium aetate in aqueous solution. [Scheme-5]

Pulla Rao and Srimannarayanazz and Srihari and Sunder-

murthyz3 have synthesised several coumestans by this method.

Kurosawaz4 used the approach II shown in [Scheme-1]

to synthesise coumestan in which intermediate (17) {formed

i

is cyclised by lead tetraacetate to give coumestan [Scheme-06]

Similarly Wadia and coworker325 have synthesised coumestan

using this approach. [Scheme-7]

26
- A method reported by Singh and Singh involves the

formation of intermediate (18) [Scheme-8] and used the approach
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III as shown in [Scheme-1]. The intermediate {18) was cyclised
with PPA to tetrahydrocoumestan (19) which onoxidation with

DDQ provided coumestan [Scheme-8].

Jurd and coworkersz7 synthesised coumestans using approcach
IV shown 1in Scheme-9. In his method compound (21} shown
in Scheme-1, was prepared by hydrogen peroxide oxidation
.of appropriately shbstituted flavilium salts (20)}. The
hydroxyesters (21) were then hydrolysed and lactonised to

give coumestans [Scheme-9].

Wheeler and coworkers 28 had suggested the synthesis

of coumestrol by intramolecular oxidative coupling of suitably

substituted resorcinaol as shown in [Scheme-10].
A
Ponder and Mcpherson29 carried out synthesis of coumestan
by condensation of benzoquinone with P-keto esters using
zinc chloride and "ethancl to give intermediate (22) which
was further cyclised with pyridine-HC1 to give coumestan

* \
(23) [Scheme-111].

Dholakia and Trivedi3o had synthesised several coumestans
by oxidative coupling of catechol with different substituted
4-hydroxy coumarins. Unlike Wanzlick, they had used potassium

periodate for oxidative coupling.

4-Hydroxy~6-methyl coumarin (24) on condensation with
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catechol in presence of potassium periodate and sodium acetate
in agqueous acetone gave Z2-methyl-8,9-dihydroxy-6-oxo-6(H)-
benzofuro’(3.2—0)—benzopyran {25) which on methylation with
dimethyl sulfa?é\ in acetone gave 2-methyl-8,9~dimethoxy-6-
oxo~6(H)-benzofuro (3,2-c)~-benzopyran {26) [Scheme-12]. Simi-
larly 4~hydroxy-7-methoxy-8-methyl coumarin, 4—hydroxyi5—
methoxy coumarin and 4—hydroxy-7.8-di&ethoxy coumarin were

condensed with catechol and subsegquently methylated to give

(26a), (26b), (26c) and (26d) respectively. [Scheme-12]

Shah and Trivedi31 had synthesised 5'-methyl-11,12-dime~
tﬁoxy-furo (2,3-h) coumestan (31) and 5',8-dimethyl-11,12-
dimethoxyfuro (3,2-g) coumestan (33) by Wanzlick's method
using potassium periodate. 4-Allyl~-2-hydroxy acetophenone
{27) on condensation with diethylcarbonate and pulverised
sodium gave 4-hydroxy-7-allyloxy coumarin {28). This on
oxidative coupling with catechol in presence of potassium
periodate gave 3-allyloxy-8,9-dihydroxy coumestan {29} [Scheme-
13], which on methylation with dimethylsulfate gave (30).
This on Claisen rearrangement followed by cyclisation and
dehydrogenation gave (31). Similarly (33) was synthesised
by carrying out same series of reactions on 4-allyl-2-hydroxy-

3-methyl acetophenone (32). [Scheme-14]

Shah and Trivedi had also synthesised some pyrano-

coumestan derivatives by starting with 6-acetyl-2,2-dimethyl-
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5~hydroxy-3,4~dihydrochromene (34) which was dehydrogenated
by DDQ to give é35) [Scheme-15]. This on condensation with
diethylcarbonate and sodium gave 4-hydroxy coumarin derivative
{36), which on oxidative coupling with catechol using potassium
periodate gave 8,9-dihydroxy-2,2-dimethylpyrano (3,2-g)

coumestan {(37). [Scheme-15]

Jain et 31.33a had synthesised several coumestans using

this method. Malii and coworkersagb had synthesiséd coumestan
fromanisole involving heteroatom directed 1lithiation with
n-Buli followed by treatment with diethyloxalate which gave
{35é) which by Wittig reaction gave the ester which on heatiﬁg

with pyridine-hydrochloride gave coumestan (35b). [Scheme-

15a]

There are many reports for the synthesis of coumestans

but there are few for the synthesis of isocoumestans. Robert-

34
n

S0 and coworkers synthesised isccoumestan (38) by condensing

B-coumarono-2-carboxylate with resorcinol. [Scheme-16]

Chﬁ@erjea et 81.35 synthesised isoccoumestan, using 3-
hydroxy coumarin and catechol by Wanzlick's method. Later
on Sundermurthy and coworkers36 synthesised 11,12-dihydroxy
isocoumestan (41) and 11,12-diacetoxy isocoumestans (42)
by condensing 3-hydroxy coumarin with p-~benzoquinone. [Scheme-

17}%. 3-Hydroxy~4-[2-(p-benzoquinoxy)}] coumarin (39) was

acetylated to give (40} which on deacetylation followed by
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cyclisation gave (41) which on acetylation gave (42). [Scheme-~
17]. The same compound was also obtained by oxidative coup-

ling of 3-hydroxy coumarin with catechol by Wanzlick method.

Mahesh and coworkers 37 r 1 synthesised number of 3-

hydroxy isocoumestans (44) and 3-hydroxy naphthol (1,2-b)-
furo (2,3-c)-[1]-benzopyran-6(H)-ones (46) by condensation
of resorcinol with ethyl 2.3—dihydro—3—0x0—benzofuranfé-
carboxylate (43) and eth&l-z,S-dihydro—a—oxonaphthol {1,2-b)
furan-2-carboxylate (45) [Scheme-18]1 and prepared corresponding

alkyl ethers.

Paradkar and coworkers 3Bdeveloped a new method in which
both benzofuran and coumarin rings are simultaneously formed
when® benzophenone derivative is reacted with diethylbromo-
malonate. They had synthesised simple isocoumestan by conden-
sing 2,2'~dihydroxy-benzophenone (47} with diethylbromoma-

1

lonate. [Scheme-19]

’

Wadia and coworkersgg developed a new synthesis of
isocoumestans. They prepared a complex of POGl3 and N,N-
dizethylchloroacetamide which on reaction with o-hydroxy-
benzophenone (48) gave 3-chloro-6-arylcoumarins (49) which
on cyclisation in ag. KOH gave isocoumestan (50). [Scheme-

20]
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PRESENT WORK

As described earlier, Shah and Trivedi31‘3z

synthesised
several furo and -pyrano coumestans. In continuation of
this work, several furo and pyrano isocoumestans, difurocoume-

stans and benzofuro coumestans are synthesised to evaluate

their biological activities.

Synthesis of 2-methyl-furo (2,3-~h})-benzofuro(2,3-c)-benzo-

pyran-5(H)-one (55)

Resorcinol on condensation with 2Z-carbethoxy-3-2(H)~-
benzofuranongq_ gave 3-hydroxy benzofuro(2,3-c)-benzopyran~
6{H)-one (51). This when refluxed with allylbromide in
presence of anhydrous potassium carbonate‘ and dry acetone
gave 3-allyloxy-benzofuro (2,3-c)-benzopyran-6(H)~-one (52).
The structure of this compound was established by its PMR
spectra taken in CDCla. The multiplet at .§ 4.5-4.65 is for
'—p—CEZ—CH=CH2 group. Multiplet at § 5.2-5.45 is for terminal

-CH, of allyl group. Multiplet at § 5.8-6.2 is for -CH, -CH=CH,,

2
group, at C-~3. Singlet at S 6.8 is for proton at C-4. Multi-

plet from $6.95 to 8.05 is for all remaining aromatic protons.

Compound (52) on Claisen rearrangement in boiling N.N-
dimethylaniline gave 3~hydroxy-h—a1lyl-benzofuro (2,3-¢)~-
benzopyran-6(H)~one (53). The structure of this compound

was established by PMR spectra recorded in DMSO-d of its
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acetoxy derivative prepared by refluxing (53) with anhydrous
sodium acetate and acetic anhydride. (Fig. 1) The singlet
at & 2.35 is for —CH3 of acetoxy group at C-3. Doublet at

£ 3.6 is for —CH2 group at ether linkage of allyl group

(-O0-CH CH=CH2). Multiplet at & 5.1 for terminal -CH, of allyl

2
group (-CHZ—Cﬁ=C§2). Another multiplet at § 5.9 is for
~CH,-CH=CH, group. Two doublets at £7.2 (J=9Hz) and 8.0
(J=9Hz) indicated orthocoupling of two protons at C-1 ané
C-2. Multiplet gt 3 7:2—8.1 indicated four aromatic protons

at ¢c-8, C-9, C-10 and C-11.

Compound (53} on c¢yclisation with conc. Hé SQ4 (80%)
gave 2-methyl-dihydrofure (2,3-h)-benzofurc (2,3-c)-benzopyran-
6(H)-one {(54). [Scheme-21] The structure of this compound
was also established by its PMR spectrum taken in CDCl3 .
(Fig. 2). The doublet at § 1.6 for three protons indicated
methyl group at C-2. Two double doublets at & 2.8-3.2 (J=18,
8Hz) and 3.4-3.8 (J=18,8Hz) indicated two protons at C-3.
Multiplet at §£5.1 indicated one proton at C-2. Two doublets
at &§ 6.8 and 8.0 (J=9Hz) indicated orthocoupling of protons
at C-1 and C-12.respectively. Multiplet at £ 7.2-7.8 indicated

four aromatic protons at C-7, C-8, C-9 and C~10.

Compound (54) on dehydrogenation with palladised charcoal
(10%) in boiling diphenylether gave 2-methyl! furo (2,3-h}-
benzofuro (2,3-c)-benzopyran-~6(H)-one (55). The structure
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of this compound was established by its PMR specirum taken

in DMSO-dg. (Fig. 3). Singlet at $ 1.55 is for methyl group

at C-2. Singlets at § 2.2 and 2.5 are due to DMSO-dG. Singlet
at § 6.8 indicated proton at C-3. Singlet at § 7.2 indicated
proton at C-10. Two doublets at & 7.5 and 8.3  (J=9Hz) indi-
cated orthocoupling ofvtwo protons at C-11 and C-12 respec-
tivelf. Multiplet or rather mixed doublets at § 7.55-8.1
indicated remaining aromatic protons at C-7, C-8 and C-8,.
The structure of this compound was further confirmed by its ﬁass

spectrum which showed molecular ion peak at m/e 290. (Fig.4)

In order to synthesise linear furo .isccoumestan the
method established ﬁy Pardanani4o and Trivedi and Desai
and Trivedi41 was adopted. (51) on bromination of 3-hydroxy
benzofuro (2,3-c)-benzopyran-6(H)-one with bromine in acetic
acid gave 3-hydroxy-4-bromobenzofuro (2,3-c)-benzopyran-6(H)-
one (56). This was allylated with allylbromide in presence
of anhydrous potassium carbonate and dry acetone to give
3~allyloxy~4-bromo-benzofuro (2,3-c) benzopyran-6{H)-one
(57). This was subjected to Claisen rearrangement by reflu-
xing in N,N-dimethylaniline. On working up the reaction
mixture gave 3-hydroxy-4-allyl-benzofuro (2.3—0)-benzp—
pyran-6(H}-one (53) alongwith p-bromo-N,N-dimethylaniline
‘and not 2-allyl~-3-hydroxy-benzofuro ‘(2.3—c)~benzopyran—
6(H)-one as expected. It gave the same product as obtained
earlier by Claisen rearrangement of 3~éllyloxy—benzofuro—

(2,3~c)~benzopyran~6(H)-one. In this reaction, bromine was
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eliminated first and allyl group migrated to the 4-position
instead of going to 2-position. The formation of p-bromo-
N,N-dimethylaniline can be explained on the basis of _the
attack of N,N-dimethylaniline on o-bromo-cyclohexadienone
intermediate (58) formed after the rearrangement of allyl

group in the position-8. [Scheme-22]

Similarly 3-aliyloxy-4-iodo-benzofuro (2,3-c)-benzopyran-
6(H)-one (59) on Claisen rearrangement alsc gave (53) alongwith
p:iodo—N,N~dimethy1aniline. Thus attempts to prepare linear
furisocoumestans failed ,by this procedure. Synthesis of
linear furoisocoumestan was carried out by blocking the

4-position by methyl group.

Synthesis of 2,4-dimethyl-furo-{3,2~-g)-benzofuro (2,3-c)~-benzo-

pyran-6(H)-one (64)

2-Methyl resorcinol on condensation with 2-crbethoxy~
3-2(H)-benzofuranone gave 3-hydroxy-4-methyl-benzofurec (2,3~c)
benzopyran-6(H)-one (60). This on allylation with allylbromide
in présence of anhydrous potassium carbonate and dry acetone
éave 3-allyloxy-4-methyl-benzofuro (2,3-c)~benzopyran-6(Hj)-
one (61}. This compound on Claisen rearrangement in boiling
N,N—diﬁethylaniline gave 2-allyl-3-hydroxy-4-methyl-benzofuro
(2,3-c)-benzopyran-6(H)-one (62) [Scheme-23]. Due to the

presence of methyl group at C-4, allyl group migrated to
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vacant C-2 position only and cyclisation of compound (62)
in conc. HZSO4| (80%) gave the product 2,4-dimethyl-dihydro-
fur0~(3,Z—g]—benzofuro—[z.ﬁ—c)—benzopyran~6(H)—one {63) [Scheme~-
231. Thié compound on dehydrogenation with palladised charcoal
{10%) in boiling diphenyl ether gave 2,4-dimethyl-furo-(3,2-g)
benzofuro-(2,3-c}benzopyran-6(H)-one (64). [Scheme-23].
Since this compoﬁnd was insoluble in DMSO—d6 , it was not
possible to record PMR of this compound. But the structure
of this compound was established by its mass spectrum, which

showed molecular ion peak at m/e 304. (Fig. 5).

In this synthesis of linear furoisocoumestan methyl
substitution at C-4 of isccoumestan ring was necessary.
To get linear furocisocoumestan, without methyl substitution,
at C-4 of isocoumestan ring, regiospecific method of intra-
molecular Wittig reaction described in Chapter JL for synthesis

of furocoumarins was adopted.

Synthesis of Z2-methyl-furpo (3,2-g)-benzofuro-(2,3-c)-benzopy-

ran~6(H}-one (70}

pB-Resorsaldehyde on reduction with =zinc dust and HC&
gave 4-methyl resorcinol (65), which on condensation with
2-carbethoxy-3-2(H)-benzofuranone gave 3-hydroxy~2-methyl-
benzofuro~{2,3-c)-benzopyran-6(H)-one (66}. This compouﬂd
on acetylation with sodium acetate and acetic anhydride gave

3-acetoxy-2-methyl-benzofuro-(2,3~-c)-benzopyran-6(H)-one (67).

2
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Scheme -2 4
O HOD
HO oH conc-H250
4
—+ 4,
HzC C00CHs HzC
(65)
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The structure of this compound was confirmgd by its elemental
anglysis. Compound (67} on reaction with N-bromosuccinimide
in presence of light and benzoylperoxide in carbon tetrachlo-
ride gave 3-acetoxy-2-bromomethyl-benzofuro~{(2,3-c)~benzopyran~
6(H)-one (68} [Scheme-24]. The structure of this compound
was confirmed by its elemental analysis. Compound (68) on
reaction with triphenylphosphine éave its corresponding phos~-
phonium salt (69) which was not isclated. In the same reaction
flask toluene and triethylamine was addéd and reaction was
carried out under the atmosphere of nitrogen to give fthe
product 2—methyl-fupo~(3.2-g§—benzofuro {(2,3~c)-benzopyran-
6(H)-one (70) [Scheme-24]. The structure of this compound
was established by its PMR spectrum taken in DMSO--d6 (Fig.6).
The singlet at £ 2.35 indicated the presence of methyl group
of furan~ring,at c-2. Singlet at § 6.95 indicated proton
at C-1. Two doublets at § 7.45 and 8.55 (J=9Hz) indicated
C-8 and C—é protons. Two doublets at § 7.6 and 7.85 (J=9Hz)
indicated orthocoupling of two protons at C~10 and C-11 respec-
tively. Two~single%s at §7.75 and 8.1 indicated two aromatic

protons at C-12 and C-4 respectively.

In order to synthesize furo isccoumestan without any
substitution in furan ring, a dihydro benzofuran. ring was
first prepared. It was then condensed with suitable B-ketonic
ester followed b& dehydrogenation to obtain furoisccoumestan

ring system.
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Synthesis of furo (3,2-g)-benzofuro (2,3-c)~benzopyran-6{(H)-
one (75)
he

Resorcinol on condensation with chloroacetonitrile
in presence of anhydrous ;inc chloride and dry HCl gas gave
6—hydrox§—coumaraﬁ—3—one {713, This on acetylatiop with
acetyl chleoride and ethylécetate gave ©G-acetoxy c¢oumaran-
3-one (72). This on reduction with hydrogen in the presence
of palladised charceoal (10%} under pressure gave 6-acetoXxy
coumaran (73). This compound on condensation with 2-carbe-
thoxy~3-2(H)~benzofuranone gave dihydrofuro (2,3-g)-~benzofura
(2,3~-c)-benzopyan-6(H)-one (74). The structure of this comp-
ound was established by analysis and its mass spectrum which
showed the molecular ion peak at m/e 278. (Fig. 76), The peak
at 165 is due to the breaking of isocéumestan ring and loss

of CO from coumarin ring.

Compound {(74) on dehydrogenation with palladised charcoal

{(10%) in boiling diphenyl ether gave (2,3-g)-furo-benzofuro
i § , "

{2,3-c)-benzopyran-6(H)~one (75) [Scheme-25]. The structure

of this compound was established by analysis and its mass

spectrum which showed molecular ion peak at m/e 276. (Fig.7h)

After synthesising some furoisocoumestans it was thought

of interest to synthesise some pyrancisocoumestans.
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Synthesis of 2,2-dimethyl-pyrane {2,3-h)-benzofuro (2,3-¢)~

benzopyran-6(H)-one (77)

3-Hydroxy-benzofuro (2,3~c)~benzopyran~-6(H)-one {51)
_ was condensed with 3—chloro~3~methyl-bu%~1~yne in presence
of anhydrous potassium carbonate and few crystals of potassium
iodide by refluxing the mixture in dry acetone. On working
up the reaction mixture, pure 3-(1,l-dimethyl-3-prop-2-ynyloxy)
~-benzofuro (2,3-c)-benzopyran-6{H)-one (76) was obtained.
[Scheme-26]. The structure of (76) was assigned on the basis
of PMR spectrum which exhibited the following signals. {(Fig.8)
Singlet at & 1.7 for six protons indicated two methyl groups.
Another singlet at § 2.65 indicated acetylenic proton. The
broad multiplet at {7.15-8.15 indicated seven aromatic protons
IR spectrum showed band at 3200 cm~1- for terminal alkyne
group. Ether (76} was subjected to Claisen rearrangement
by refluxing in N,N-dimethylaniline for 6 hrs, On working
up the reaction mixture, the crude product obtained was puri-
fied to give 2,2-dimethyl-pyrano (2,3-h)-benzofuro-{(2,3-c)-
benzopyran-6(H}-one (77). The structure of (77) was assigned
on the basis of its PMR spectrum taken in CDClS. (Fig. 9).
It exhibited singlet at § 1.5 for six protons indicating
two methyl groups at C-2. Doublet at § 5.8, J=9Hz is for
proton at C-3. The another doublet at $ 6.8, J=9Hz indicated
proton at C-4. These two doublets at 85%8 and 7.8 indicated

benzopyran type structure. Two doublets at § 6.85,and 6.95,
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J=8Hz indicated orthocoupling at C-13 and C-12 respecgtively.
Multiplets from £ 7.25-8.2 indicated remaining four aromatic

protons at C-8, C-9, C-10 and C-11 (Fig. 9),

In order to synthesise linear pyrano isocoumestan ring
system, same series of reactions were carried out by starting

with Z2-methyl resorcinocl.

Synthesis of 3,3,5-trimethyl-pyrano (3,2-g)-benzofuro-{2,3-c)-

benzopyran-7{H)~-one (79)

3-Hydroxy~4-methyl-benzofuro - (2,3;c)wbenzopyran-6{H)~
one (60) was condensed with 3-chloro-3-methylbut-1i-yne in
presence of anhydrous potqfsium carbonate and few cgrystals
of potassium iodide by refluxing the mixture inJgry acetione,.
On working up the reaction mixture pure 3-(1,l1-dimethyl-3-
prop-2-ynyloxy)-4-methyl-benzofuro-(2,3-c)~benzopyran-6(H)-
one (78) [Scheme~27] was obtained. The structure of this
compound was assigned on the basis of its PMR specirum taken
in DMSO—d6 (Fig. 10). It exhibited the signals as follows
Singlet at £ 1.8 for three protons indicated -CH3 group
of propynyl side chain. Singlet at ,8 1.9 indicated another
methyl group of propynyl side chain. Singlet at § 2.2 is
for -CH, group at C-4. Singlet at $ 3.3 is for acetylenic
proton. The doublet at§ 7.1, J=9Hz indicated proton at C-1.
The another doublet at § 8.4, J=9Hz indicated orthocoupling
of proton C-2 with C-1. Multiplet from§ 7.5 to 8.25 indicated
four aromatic protons of isocoumestan ring at C-8, €-9, C-10

and C-11.

1
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Compound (78) when subjected to Claisen rearrangement in
boling N,N-dimethylaniline for 6 hrs. gave the product 3,3,5-
trimethyl-pyrano-(3,2~g)-benzofuro {2,3~c)~benzopyran-7(H)~-
one {(79). [Scheme-27]. The structure of this~ compéund. was
assigned on the 'basis of 1its PMR spectrumﬂgmmnh%$%DCls).
The signais shown by ({79) are as follows (Fig. 11}, Singlet
at £ 1.5 for six protons indicated two methyl groups at C-3
Singlet at g 2.35 indicated methyl group at C-5. The doublet
at §5.7, J=9Hz, indicated proton at C-1. The another doublet
at & 6.4, J=9Hz, indicated protoh at C-2. '?Wo doublets at
& 5.7 and 6.4 indicated the presence of p&rano ring in the
compound. Singlet at 8‘7.3 indicated proton at C-13. A
multiplet from§7.2-8.0 indicated four aromatic protons at
¢-9, €-10, C-11 and C-12. Mechanism of the Claisen rearrange-

ment is shown in [Scheme-28].

In continuation of the work carried out by Shah and

31
Trivedi, it was thought of interest to study Claisen rearra-
ngement in diallyloxy coumestans and synthesis difurano coume~

-stans and benzofurano coumestans.

Synthesis of 8,11-dimethyl-difuro (2,3-e ; 2',3'-g)~bezopyran-

(3,2-¢) E&E=—e3-6(H)-one (85)

4-Hydroxy coumarin (80) was condensed with catechol in
presence of potassium periodate and sodium acetate to give
8,9-dihydroxy-benzofuro-(3,2-c)-benzopyran~6(H)-one {81).

This compound was condensed with allylbromide (2 mole) in
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Scheme - 29
+
/ .
OH ‘
(89)
| Allylbapride |
KZCDpf\CEtOﬂe '

(84)
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presence of anhydrous potassium carbonate 'and dry acetone,
which gave 8.9—dia11yloxy—benzofuro~(3,Z—C]-beﬂzopyran-S(H)—
one (82}. The structure of this compound was established
by its PMR spectrum (Fig. 12). The doublé doublet at § 4.6

for four protons indicated -O-—G}_jz—CH:CH2 group. Multiplet

-

at & 5.2-5.5 for four protons indicated terminal methylene
group. The another multiplet at .§ 5.9-6.3 indicated two

-CH=CH protons. The multiplet from§7.1-7.9 indicated all

2
aromatic protons. (82) was subjected to Claisen rearrangement
in boiling N,N-dimethylaniline for 6 hrs. On working up
the reaction mixture, the product obtained was 1l1-allyl-10-
hydroxy-8-methyl~dihydrofuro (2,3-e)-benzofuro (3,2-c¢c)~-benzo-
pyran-6{H)-one (83}. As discussed in Chapter-I, Claisen
rearrangement of 6,7-diallyloxy-4-methyl-coumarin, gave in
this rearrangement also, a compound (90) similarly where
one allyl group migrated and other allyl group got cyclised
after migration is obtained. The structure of this compound
was established by its PMR spectrum [Scheme-29]. The signals

of PMR spectrum taken in (CDCl + drop of DMSO—dG).are as

3
follows : (Fig. 13). The doublet at & 1.6 "indicated methyl
group at C-8. The double doublets from§3.0-3.3 (J=18,8Hz)
indicated proton at C-7. The other multiplet at & 3.6-4.2
indicated other proton at C-7 and two protons of allyl group

at C-11. The multiplet até5.1-5.55 indicated terminal methy-

lene protons of allyl group and one proton of dihydrofuran

f/

-
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ring at C-8. The multiplet at §6.0-6.4 indicated -CH=CH ,
proton of allyl group. Multiplet from&7.3-8.0 indicated

four aromatic protons at C-1, C-2, C-3 and C-4.

L

\ N
(83) on cyclisation in conc. HZSO4 (BO%f gave §,11-dimethyl-
dihydrodifuro (2,3-e : 2',3'-g)-benzofuro (3,2-c)-benzopyran-
6{(H)-one (84) ([Scheme-29]. Tpis compound was insoluble in
ag. NaOH, indicating that no free dihydroxy group is present.
The structure of‘ this Compoundf was established by its PMR
spectrum taken in (CDCI3 ) (Fig. 14). The doublet at &£ 1.5
indicated methyl group at C-8. The anothef doublet at £ 1.6
indicated -CH3 group at C-11. The two double doublets mixed
with each other at § 2.8-4.0 (J=18,8Hz) indicated protons
at C-7 and C-12. Multiplet at § 4.8-5.2 indicated two protons
at C-8 and C-11. The multiplet at §,7.05-7.8 indicated four

aromatic protons at C-1, C-2,C-3 and C-4. (Fig. 14)

Compound (84) on dehydrogenation with palladised charcoal
(10%) in boiling diphenylether gave 8,11-dimethyl-difuro-
(2,3-e : 2',3'~g)-benzofuro (3,2-c)-benzopyran-6(H)-one (85).
The structure of this compound was established by its eleme-~
mental analysis and mass spectrum. It showed molecular ion

peak at m/e 344 (Fig. 15). N

Synthesis of 10,11-dimethoxy-dibenzofuro (3,2-c :'3',2'-g}-

benzopyran-8(H)-cne (92)

2,4-Dihydroxy acetophenone (86) on condensation with
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!

2-bromocyclohexanone in presene of anhydrous potassium carbo-
nate and dry acetone gave 4-cyclohexan-2-onyloxy-2Z2-hydroxy-
acetophenone (87) [Scheme-30]. This on cyclisation with
0.1N alcoholic potassium hydroxide gave 5,6,7,8-tetrahydro-
é—hydroxy~3-acetyl—dibenchuran i88) [Scheme-30]1. The structure
of this compound was established by itsPMR specirum in (CDCI3}
{(Fig. 16). The multiplet at'$ 1.6-2.0 indicated four protons
of -CH, group at C-6 and C-7. Multiplet at &2.4-2.8 indi-
cated 4 protons of -CH, group at C-5 and C-8. Singlet at

£2.6 indicated -CH, of acetyl group. Singlet at & 6.9

3

indicated C-1 proton while singlet at & 7.7 indicated proton
‘nicafed

Yy
at C-4. Singlet at & 12.0%chelated -OH group at C-2. The

linear fusion of the ring can be explained on the basis of
intramolecular aldol condensation in which the phenéxide
ion (88a) attack the exocyclic carbonyl group through the
carbanion generated at para position to phenoxide ion to
give (88b) followed by abstraction of the proton at the ring
junction to regnerate the phenoxide ion (88c) which on proto-
nation elimiﬁates water from the p-hydroxydihydrofuran to

give (88) [Scheme-3117.

43

The compound (88) on condensation with’diethyl carbonate
in the presence of pulverised Na gave 4-hydroxy-6,7,8,9-tetra-
hydro-2£#)-benzofuro (3,2-g)-benzopyran-2(H)-one (89) [Scheme-
301. The structure of this compound was estabiished by its

PMR spectrum taken in (DMSO~d6} (Fig. 17}. The multiplet
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Scheme - 30
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Scheme - 34
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at ,g 1.6-2.0 indicated {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. Singlet at § 5.4 indicated proton at C-3.

Singlet at § 7.25 is due to p?otoﬁ at C-11. The another

singlet at § 7.65 indicated proton at C-5.

Compound (8%9) when condensed with catechol’by Wanzlick's
method using sodium dcetate, potassium pericdate and agueous
acetone gave 10,11-dihydroxy-1,2,3,4-tetrahydro -dibenzofuro
{(3,2-¢ : 3',2'-g)~benzopyran-8{H)-one (90). The product
obtained was directly:” methylated with dimethylsulfate in
presence of anhydrous potassium carbonate and dry acetone
to obtain 10,11-dimethoxy~1,2,3,4-tetrahydro: s/~-dibenzofuro-
(3,2-c : 3',2'-g) benzopyran-8(H)-one (91). The structure
of this compound was established by its PMR spectrum taken

{5
in (cbDC1 Multiplet at § 1.7 to 2.0kfor 4 protons at C-2

3)'
and C-3. The another multiplet at § 1.5-2.8 is for 4 protons
at C-1 and C-4. Singlet at § 4.0 is for two -OCH, groups
at C-10 and C-11. Singlet at § 7.1 is for proton at C-14,
The other singlet at § 7.25 is for aromatic proton at C-12.

Singlet at .4 7.3 is for aromatic proton at C-9. Singlet

at §7.4 is for aromatic proton at C-6. ($19-18)

Compound (91) on dehydrogenation with palladised charcoal
{(10%) in boiling diphenylether gave 10,11-dimethoxy-dibenzofuro

{(3,2-¢ . 3',2'-g)-benzopyran-8(H)-one (82). The structure
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of this compound was proved by its mass spectrum. The molecular
ion peak was obtained at M/e 386 (Fig. 19). The another
peak at 358 indicated elimination of neutral molecule CO

from the parent compound.

Synthesis of 10,11-dimethoxy-~6-methyl-dibenzofuro-(3,2-c

3',2'-g)-benzopyran-8(H}-one (99)

3
2,4-DihydroxyAmethylacetophenone (93) when condensed

with 2-bromocyclohexanone in presence of anhydrous potassium
carbona‘ge and dry acetone gave 4-cyclohexan-2-onyloxy-2-hyd-
roxy~-3-methylacetophenone (94) [Scheme-32]. The structure
of this compound was established by its PMR specirum taken
in (CDCIB) (Fig. 20). Singlet at § 2.2 is for-methyl group
at C-3. Another singlet at & 2.55 is for -~CH3 of acetyl
group. Multiplet at 81.7-Z.6 indicated all methylene (-~

{(~-CH protons of cyclohexanone ring. Triplet at $4.7 is

9 )
for proton of (HZC-?E-'C‘~). Two doublets at £ 6:2 and 7.45,

0 o
J=9Hz .indicated orthococupling of two protons at C-5 and C-6.

~

Compound (84) on cyclisation with O.1N alcoholic potassium
hydroxide gave 5,6,7,8-tetrahydro-3-acetyl-2~hydroxy-l1-methyl~
dibenzofuran (95) [Scheme-32]. The structure of this compound
was established by its PMR spectirum taken in (CDClg} {(Fig.
21). The signals are as follows . : Multiplet at & 1.7-2.0

is due to -CH, group at C-6 and C-7._ Singlet at § 2.45 is
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Scheme - 32
CHz O
HQ OH Bz
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of -CH, group at C-1. Multiplet at\é 2.5-2.8 indicated -CH

3 2
group at C-5 and C-8. Singlet at § 2.7 indicated ~CH, of
acetyl group. Singlet at § 7.5 indicated aromatic proton

at C-4. Singlet4at $12.6 is due to -OH group at C-2.

{95) on condensation with diethylcarbonate in preseﬁce
of sodium gave 11-methy1-4—hydro§y~6;7,8,Q—tetrahydrO (2;3~g)
benzofuro-benzopyran-2(H)-one (96). The compound is soluble
in sodium bicarbonate which indicated the presence of weakly
acidic 4-hydroxy group. (96) when condensed with catechol

using potassium periocdate, sodium acetate and agueous acetone

)
gave 10,11-dihydroxy-6-methyl-1,2,3,4-tetrahydro~dibenzofuro-
{3,2-¢ : 3',2'-g)-benzopyran-8(H)-one (97). The product
obtained was used directly for further reaction, (97) was
condensed with dimethyl sulfate in presence of anhydrous
potassium carbgnate in dry acetone gave 10,l11-dimethoxy-6-
methyl—l,Z.S,4;tetrahydro-dibenzofuro~(3,2—0 ¢ 3',2'~g)~benzo~-
pyran-8{H)-one (98) [Scheme-32]. The structure of this compound
was estabilished by its PMR spectrumktaken in (CDClg} (Fig.
22). The broad multiplet at § 1.75-2.0 indicated 4 protons
at C-2 and C-3. Singlet mixed with multiplet at § 2.5-2.8
indicated methyl group at (-6 and four protons at C-1 and
C-4. Two singlets at § 3.95 and 4.0 indicated two —OCH3
groups at C-10 and C~11 respectively. Three singlets at

5 7.0, 7.3 and 7.4 indicated three aromatic protons at C-

9, C-12 and C-14 respectively.



240

Mozweo~B-t'E T 2-1'e)
(352 5u0 - (HIQ ~ WYy 5

i . !@,. u
oy ~¥ S%I%l: .ma\m:t?\«u)l\ﬂu \ﬁ%%c:@xe( ol .AA& ¥
- 8§J - .

-
1 L} (8
1 ’ oot B ‘ : . .w . .
I - < . ;
i 4 t .
IR L
_. “"“ ‘ M . !
! ; . et R
H “ + P e L T L N ANt g A v, \IJ \'/4‘(\* . 4“41,1
t kb F Tow ‘ m
i , - . “
i1 WIJ ‘, .
{ 11 : . ¥ " t . } ' '
[ _ N i 1 4 M
I I , : w
: i 1
I Pl i ;. : | : A
i § . . . R
| . . _ : m
i L ! ‘ . )
1 i3 N ¢ . to :
[ i . , . Co : ;
i D1 . ‘ : . “
? ! P . , |
! m .
[ [ ; . - ) I o )
] P e , . : R i ' .
1 ' : 13
EEREE I RAE . . . ; !
I 36 b iy S 0t O S W J-171 v . ' o . i
o g s B o : - IT ! P X ! . . | R }
EEENCEEARE vl AR o i ! : ) w ”
3L ;,u:L." HEE A P i . Vel m .
155 ol IS 00 Wy S O B e RS A P . ! : : > , i
T?WLM = P P,y ﬁw ~ i . , N i
srE kRS RN LR REEE AN NN PR S ST c : . . R :
T s LA q vl \ : ey > 's) ' ) : A
. ERNEREEC R Ty : ! _
Bl ECERERE R EEEEEE N ! M w
S B eh EP ORI O o h 0 I B IR U A Ve | ‘ § !
R EERRRRNNSRE EORE A oo R
ERRERERRERE N ESER SN 1 I DR ' S N
R T a3 L . . T : Pape . ,
tEEanr RN RE S ESEREERE SE RS A - . .
2 ;qw;nm&”@.:“..-‘w ) A . LN . . .o
HEEEE EEESSEEARRANt W WW Pl e [ S S R T
rLﬂwaL * wLﬂH’#llﬁ.H _‘w _‘ _ w w ‘Vw M } HF.,M M b ; ¢
« [} i




" (BB) 2w -(HDB - woy hdazweq

A@; <% 5-1'%r-ayrfozwe Ty - W\mii\wg.kws ?%ﬁﬁoaﬁ.c« . Qm&»m&@

-

*
4

»

H
i
|
l
|
i

|
x

s

. L
PR A Ay i
] ) . S NP
-4 ! A . . K [
1= N A ) D ' b
E . Y.
. 4 : ‘ b " M * M ’ M T
I . ! . R
3 oot 1 ! i m 4 . ‘lm Vi Lig
[ N 1 & - ‘.. i S . N -y
- J R B ,Tu‘:},LL . R e ot s 14J-||.iil.|i - - m S : 1 : .rn n.
[ A ! . ; o ; IR |5 1 . RS
. - : : i - s 1 . L
nd o 3 _ ' b o tL 4 S T I S
LI T e m LY . [ - a . - . ,u - ,.\.» t 31
= oyt i : ; e o TR ‘n,_“wdu.w {1vt
m -3 4 o e R fad R Ry PR BT bt S S ‘.1..44.9”@ et Tt I v o I=E ]
= . : t Lo, F . - . b . . S U ERE ERRES N IREEERER=E
BRI EERES EE A N R S R AN TINE R (E=AE EERREE SRR SR =SS
he 108 o I I AU R A S B I [ TR SR ””ww BRI ST N I N I R = 37
i oxll-of SERRCHRI S SO B SRS B g vy Sl R R R N R ESER RIS e
N 3 & + M .. -— - - P t 'y N -4 — - - - " |',J . r.l -
EERGERE IR EE RS PLES BIES Sy LR RS E (2= ESEEE =S SSEEES =
- z T " T N X - - - g - - - 1 - - - - o] b s ol
NEEEIREREERE RN R IEE S SCEEE R RS L o % n,:;w.»_.:.w:w EEEBERSE
e iyt it e SO W S L M L H PR 3 S T - - - o v e O e o NI -+ i = 433+t
o r o - g b e 131 S S M S Fa R S I3 -
pou . N At sl W [ IS ..-g.w Ryl ulw-,f ol HEUEDE SR = SR R I o O I g oo Ao
£ e 1 et 1 kS Tl e B % SFSE By i R ek 1 3 FR e SR R R LR R R R
- e e REE = LB I | ey EEETEE IO E i ULt R ST kol B AR fJ e N R RN
i s 00 e S S 1y O S N ' | L1 I 3T RS L ST T 4 g bl e L VR gy p
i S s iy sy s g e s I QY et ..,m.ﬁlx = b TR 'i/“/:f TN T TR T TR
- S s 2 SR S Lt B i et S el s el ol s h SRR IS IR IR Bl s o v 3 e 55 e I
g 3 R B I - + - R ' 3 4
FHA 3 4 o e i T o ot e o el e : : : IREcci=s
LTI Y oo e S0 RS A sy £ ORI A e gk SR .1|.c<..94 A At i
el [ S S5 R D SUR% J B SO S Ty B + + R e | —— r + 3 4 =i
b s o iyt g e T e L Oy oh 2 T i jE Rkt
i A g b PO ol B vy s By ('3 o 10 pripigupe 1 IEEREEREEESEg RS
: T T eSS AR AT B EIEEESS2NSSEEE
SeRalEIE a : P IRIERERE
ot 8 - i o I et - -
g ot i oot g o i R 0 P A S o SN B =, wﬂw g o R ERRAIRES 2P
g g o B 0 g ok C T e SHE ER e B B o o i oo e 2
-1 e e SIS Tt A, oot e vt o 1= A L BERR R s
S0 il S h " - > E 2 -t .
: - oot Sl S o rre O & 13 B
Pl iy e o B B i UL gl e et o = 7 N .«..LW e
- T = N o M sl g el & - e B (e o O v oy o
0 Al ok o e o S O e il i i -4 %_.u ] - e T T i e ok Uk o s e
5 5 it e P P ol 8 - e T ;;-%- At
o o 1 1 - SR i -
: oS ba il b 1 — =t 3 A




242

{98) .when refluxed in diphenylether with palladised
charcoal {(10%) gave 10,l11-dimethoxy-6-methyl-dibenzofuro-
(3,2-¢ : 3',2'-g)-benzopyran-8(H)-one (99). The st{ructure
of this compound was established by its PMR spectrum taken

in (CDC1 (Fig. 23). The singlet at ,§ 1.6 indicated -CH,

3)
group at C-6. The another singlet at '§ 4.0 indicated two
-OCH3 groups at C-10 and C-11. Multiplet at & 6.9-8.05

indicated seven aromatic protons.

Synthesis of dibenzofuro (3,2-¢ : 3',2'-g)-benzopyran-8(H)-one

(102)

4-Hydroxy-6,7,8,9-tetrahydro-benzofuro (3,2-g)-benzopyran-
2(H)-one (89) was condensed wi%h 2-bromocyclohexanone. in
presence of anhydrous potassium carbonate in dry acetone
to give 6,7.8,9—tetrahydro~4—{cyclohexangﬁoxy)~benzofuro
-{3,2-g)-benzopyran-2{(H)-one (100) [Scheme-33]. The\structure
yof .this compound was established by its mass spectrum and
IR spectrum. It showed molecular ion peak at m/e 352 (Fig.
24). The IR spectrum showed two bands at 1710 (Hﬁ”l and
1735 c:m"1 indicating the presence of two carbonyl groups.

(100) on trituration in Congc. HQSOA {B0%) eliminated
water molecule and gave the cyclised product, 1‘213,4,9,10.11,
12—octahydrodibenzofurq (:3,2-¢ : 3',2'-g)-benzopyran-8(H)-
one (101) ({[Scheme-~33]. Thé structure of this compound was

established by its PMR spectra taken in (CDCIS) and IR spectrum,
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(99)

Scheme -33
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]

The IR spectrum showed only one band at 1735 c; for carbonyl
group. Diséppearance of other band at 1710 051 indicated
that cyclisation ha$ taken place. The signals of PMR specfrum
confirmed the structure (Fig. 25}. Broad multiplet at
$1.6-2.1 indicated protons at C-2 and C-3 and C-10 and C -11.
The another broad multiplet at g 2.45-2.95 indicated protons.
at C-} and C-4 and C-9 and C-12. Singlet at & 7.25 indicated
aromatic proton at C-6 while another singlet at é>7.6 indicated

aromatic proton at C-14.

Compound (101) on dehydrogenation in boiling diphenyl-
ether with palladised charcoal (10%) gave dibenzofuro-{(3,2-
¢ : 3',2'-g)-benzopyran-8(H)-one (102) [Scheme-33]. The
structure of this compound was proved‘by its ‘mass spectrum

which showed molecular ion peak at m/e 326. (Fig. 26).
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EXPERIMENTAL

All melting points are uncorrected. PMR spectira recorded

on Perkin-Elmer R-32 Spectrometer (90 MHz), using TMS as
S

internal stand%g. Silica gel used for column chromatography

with mesh size 60-120.

J-Hydroxy-benzofuro (2,3-c)-benzopyran-6(H)~one (51)

A mixture of resorcinol (12.0 g) and 2-carbethoxy-3-
2(H)-benzofuranone (6.8 g) in conc. HZSQ4 (85%) (20 ml) was
-kept at room temperature for 2 days, then ireated with ice
water, The product was repeatedly triturated with water
and c¢rystallised from alcohol. M.p. 310°C, (decomposes),

yield 7.2 g (Lit.34 311°C decomposes).

3-Allyloxy~-benzofuro-{2,3-c)-benzopyran-6(H)-one (52)

A mixture of 3-hydroxy benzofuro (2,3-c)-benzopyran-6(H)-
one, (2.5 g) allylbromide (1.2 ml) and anhydrous potassium
carbonate (5.0 g) was refluxed in dry acetone (150 ml) fof
8 hrs. Excess of acetone was distilled out and poured into
ice-cold water. The solid obtained was filtered and washed
with ag. NaOH to remove unreacted isocoumestan crystallised

from benzene. M.p. 170°C. Yield (2.0 g).

Analysis : Found o : C, 74.43% ; H, 4.60%

018H1204 : requires : C, 73.97% ; H, 4.11%
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4~Allyl-3-hydroxy-benzofuro (2,3-c)-benzopyran-6(H)-one (53)

3-Allyloxy~-benzofuro (2,3—0)-benzopyran—G—{H)éone {1.0g).
was refluxed in N,N-dimethylaniline (10 ml) for 6 hrs. It
was poured into ice HC1 (1:1). The product obtained was
filtered and treated with aq. NaOH: On acidification it
gave the product. It was crystallised from benzene-alcohol

mixture. M.p. 260°C, yield (0.6 g}.

Analysis : Found oo C, 73.39% :; H, 4.54%

018H1204 : requires : C, 73.97% ; H, 4.11%

3-Acetoxy~4-allyl benzofuro (2,3-c)-benzopyran-6(H)-one

A mixture of 4—31ly1—3~ﬁydroxy~benzofur0 (2,3-c)~benzo-
pyran-6{(H)-one (1.0 g), anhydrous sodium acetate (1.0 g)
and acetic anhydride (5.0 ml) were heated in waterbath for
8 hrs. It was poured into ice. The product obtained was
filtered and washed with ag. NaCH to remove unreacted compound.

It was crystallised from ethancl.. M,p. 192°C, yield (G.9 g).

Analysis : Found : C, 72.28% : H, 4.28%

C20H1405 : requires : C, 71.85% ; H, 4.19%

2-Methy1~dihydrofuro—(2,3—h)-benzofuro—(2,3—0)-beniopyran—6(H)~

one (54)

4-~Allyl-3~hydroxy-benzofuroc-{2,8-c)-benzopyran-6{(H)-gne
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(1.0 g) was triturated with conc. H1804 (80%) and then heated
in waterbath for 10-15 minutes. It was poured into ice-cold
water. The product obtained was filtered and washed with
ag. NaOH to remove unreacted compound. It was purified by

column chromatography using benzeneitcrystallised from benzene.

M.p. 210°C, yield (0.5 g).

Analysis : Found : C, 74.23% ; H, 4.558%

C18H1ZO4 : requires : C, 73.97% ; H, 4.11%

2-Methyl-furo-{(2,3~h})~-benzofuro-(2,3~c¢c)~-benzopyran-6(H)-one

(55)

A mixture of compound (54} (0.5 g) and palladised char-
coal (10%) (0.35 g) were refluxed in diphenyl ether (10 ml)
for 16 hrs. The reaction mixture was filtered hot § diphenyl
ether was removed by steam distillation. The product was
purified by column chromatography, using benzene}&:crystallised

from benzene. M.p. 278°C, yield (0.25 g).

Analysis : Found : C, 74.29% ; H, 3.50%

C18H1004 : requires : C, 74.48% ; H, 3.45%

.

!

3-Hydroxy-4-bromo-benzofuro: (3,3rc)benzopyran-6(H)-one (56)

3-Hydroxy-bemfuro-(2,3-c) benzopyran-6(H)-one
¥-Hxdroxgxkxasamraskxis (2.5 g) dissolved in acetic acid

{20 ml) stirred, with the addition of bromine in acetic acid

{1 ml, 30%) for 2 hrs. It was poured into ice-cold water.
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The solid obtained was filtered, dried and crystallised from

acetic acid. M.p. 245°C, Yield (2.2 g).

3-Allyloxy-4-bromo-benzofuro-{(2,3-c)-benzopyran-6(H)}-one (57)

A mixture of 3-hydroxy-4-bromo-benzofuro (2,3-c)~benzopy—
ran-6{H)-one (1.0 g), allylbromide (1.2 ml) and anhydrous
potassium carbonate (4.0 g) was refluked in dry acetone for
12 hrs. It was worked out as usual. The product obtained
was filtered and washed with ag. NaOH to remove unreacted

compound, it crystallised from ethancl. M.p. 170°C, Yield(0.95g)
Analysis : Found ¢ C, 58.30% : H, 3.15%

. 3 . g, . g,
618H1104Br : requires : C, 58.22% ; H, 2.97%

Claisen rearrangement of Compound (57)

3—A11yloxy—4—bromo—benzofuro (2,3~c)}-benzopyran~6(H)-
one (1.0 g) was refluxed in N,N-dimethylaniline (10 ml) for
6 hrs, It was worked out as usual. The product obtained
was crystallised from benzene-alcohol mixture, showed same

M.p. and m.m.p. as (53). M.p. 260°C, yield (0.35 g).

Some product was deposited on wall of air condensor,
was scratched out and identified as p-bromo-N,N-dimethyl-

aniline.

3-Hydroxy-4-iodo-benzofuro (2,3~c)-benzopyran-6(H)-one (58)

IxHYBEREXY BEREMBXXINXEE KRxR ¥IX 3-Hydroxy-benzofuro-

(2,3-c)~-benzopyran-6(H)~one (2.0 g) dissolved in (1:1) liq.
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NH3 : water (25 ml) was stirred. Iodine (1.0 g) dissolved
in saturated solution of KI (3.0 g) was added and stirring
was continued for 3 hrs. It was poured into ice-cold HZSO4

{(1:1). The solid obtained was filtered, dried and crystallised

fromethanol. M.p. 240°C, Yield (2.1 g).

3-Allyloxy~4-iodo-benzofuro (2,3~c). - benzopyran-6(H)}-one

(59)

A mixturg of 3-hydroxy-4-iodo-benzofuro (2,3-c)-benzopyran-
6(H)-one (1.0 g), allylbromide (0.8 ml), anhydrous potassium
carbonate (4.0 g) was refluxed in dry acetone (100 ml)lfor
12 hrs. It was worked out as usual. The product obtained
was filtered, washed with ag. NaOH to remove unreacted comp-
ound. It was crystallised from benzene-alcohol mixture.

M.p. 162°C, Yield (0.9 g).

Analysis : Found : C, 52.09% : H, 3.10%

018H1104I : requires : C, 51.68% ; H, 2.63%

Claisen rearrangement of (59)'

3-Allyloxy~4~iocdo-~benzofuro (2,3—0)—benzopypan-6(H)—
one (1.0 g) was refluxed in N,N~-dimethylaniline (10 ml) for
6 hrs. It was worked out as usual. The product obtained
was crystallised {from benzene-alcohol mixture. It showed

m.p. and m.m.p. same as (53). . M.p. 260°C, Yield (0.3 g}).
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Some product was deposited on wall of sair condensor

was scratched out and identified as p-iodo-N,N~-dimethylaniline.

3-Hydroxy~4-methyl~benzofuro-{(2,3-c)~benzopyran~-6{H)-one (60)

A mixture of 2-methyl resorcinol (5.0 g) and 2-carbethoxy-
3-(2H)-benzofuranone (6.5 g) in conc. HpSOy (85%) (10 ml)
was kept at room temperature for 2 days. Then it was poured
into ice~cold water. The so0lid obtained was filtered dried
and crystallised from ethanol. M.p. 315°C, Yield (5.0 g).

Analysis : Found : c, 72.00% ; H, 3.25%

. 1 . I [ . 1)
C16H1004 : requires : c, 72..28% ; H, 3.76%

3-Allyloxy-4-methyl-benzofuro {2,3-c)-benzopyran-6(H)-one (61}

A mixture of 3-hydroxy-4-methyl benzofuro-(2,3-c)-benzo-
pyran-6(H)-one (2.6 g), allylbromide (1.2 ml) and anhydrous
potassium carhénate {8.0 g) was refluxed in dry acetone (200
ml) for 8 hrs.‘ Excess of acetone was distilled out and it
was poured into ice~cold water. The solid obtained was filte-
red and washed with ag. NaOH to remove unreacted compound.

'It crystallised from alcohol. M.p. 197°C, Yield (2.5 g}.

Analysis : Found : C, 75.88% ; H, 4.60%

. s . 0 . [
ClgH14O4 : requires C, 75.84% ; H, 4.66%

2-Allyl-3~hydroxy~4-methyl~benzofuro (2,3-c)-benzopyran-6(H)}-

one (62)

3-Allyloxy-4-methyl-benzefuro (2,3-c)~benzopyran-6{(H)-one

(1.0 g} was refluxed in N,N-dimethylaniline (10 ml)} for 6
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hrs. It was then poured into ice-cold HC1 (1:1).The product
obtained was treated with diluted ag. NaOH, On acidification
with conc. HCl, it gave the product. It wasvfiltered and
purified by column chromatography using benzeneitcrystallised

from benzene-alcohol mixture. M.p.220°C, Yield (0.65 gJ).

< -

Analysis : Found : C, 75.44% ; 'H, 4.59%

C19H14O4 H requires : C, 75.84% ; H, 4.66%

2,4-Diméthy1—dihydrofuro (3,2-g)-benzofuro (2,3-c)-bezopyran~

6(H)-one (63)

2-Hydroxy-3-allyl-4-methyl-benzofuro (2,3-c)-benzopyran-
6(H)-one (1.0 g) was triturated with conc. HZSO4 (80%) and
then heated in waterbath for 10 minutes. It was poured into
crushed ice. The s0lid obtained was filtered and washed
with dil. aq. NaOH to remove unreacted compound. It was

purified by column chromatography using benzene, iE-a crysta~

1lised from benzene-alcoheol mixture. M.p. 302°C, Yield (0.68

g).

Analysis : Found : C, 75.40% ; H, 4.62%
. 3 . 9 .

019H1404 : requires : C, 75.85% ; H, 4.66%

2,4-Dimethyl-furo {(3,2-g)-benzofuro (2,3-c)~-benzopyran-6(H)-

one (64)

2,4-Dimethyl-dihydrofuro-(3,2-g)-benzofuro-(2,3-c)}~-benzo-

pyran-6(H)-one (0.5 g) 'and palladised charcoal {10%) (0.35 g)
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were refluxed in diphenylether (10 ml) for 14 hrs. It was
filtered hot and diphenylether was removed by steam distilla-
tion. The dproduct obtained was purified by preparative

TLC using benzene and cryétallised from benzene. M.p. 280°C,

Yield €0.25 g).

3
Analysis : Found : C, 74.54% ; H, 3.93%

. 3 . o . 0
019H1204 : requires. : C, 74.99% ; H, 3.94%

3-Hydroxy-2-methyl-benzofuro-{(2,3~c)-benzopyran-6{(H)-one (66)

A mixture of 4-methyl resorcinol (4.0 g) and 2-carbethoxy-
g,

2SO4 (80%) &

kept overnight for 2 days. It was poured into ice-cold water.

3-{2H)~-benzofuranone {6.0 g) was taken in conc. H

The solid obtained was filtered and crystallised from ethanol.
M.p. 317°C, Yield (4.8 g).

Analysis : Found .+ C, 71.88% ; H, 3.38%

* 4 . g, » 9,
ClSHioO4 : requires : C, 72.18% ; H, 3.76%

3-Acetoxy-2-methyl-benzofuro-(2,3~c)-benzopyran-6{H)-one (67)

A mixture of 3-hydroxy-2-methyl-benzofuro (2,3;0]—benzo—
pyran-6{H)-one (3.0 g) anhydrous sodium acetate (6.0 é) and
acetic anhydride (5.0 ml) was heated in waterbath for 8 hrs.
It was poured into ice-cold water. The solid obtained was
filtered, dried and crystallised from ethanol. M.p. 231°C,

Yield (3.3 g).

Analysis : Found : C, 69.80% ; H, 4.29%

¢ . 1 . 9 . [
ClBleo5 : requires : C, 70.13% ; H, 3.90%
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3-Acetoxy~-2-bromomethyl-benzofuro (2,3-c)-benzopyran-6(H)-

one (68)

3-Acetoxy-2-methyl-benzofuro (2,3-c)-benzopyran-6(H)-one
(3.0 g) was dissolved in carbon tetrachloride and chloroform
mixture. N-bromosuccinimide (1.78 g) and benzoylperoxide
(0.2-0.3 g) were added and refluxed under light for 16 hrs.
It was filtered and solvent was removed. "The product obtained
was purified by column chromatography using benzene. It

was crystallised from benzene. M.p. 300°C, Yield (2.8 g).

Analysis : Found : C, 55.32% ; H, 2.42%

. $ . o .
ClngiosBr : requires : C, 55.81% ; H, 2.84%

2-Methyl-furo-(3,2~g)-benzofuro (2,3-c¢)-benzopyran-6(H)-one

(70)

3~-Acetoxy~2-bromomethyl-benzofuro (2,3—c)~benzépyran-6(H)—
one (1.0 g) was dissolved in acetonitrile (100 ml) and triphenyl
phosphine (1.0 g) was added to it. It was refluxed under
the atmosphere of Nl for 8 hrs. Then solvent was removed
and o0il obtained was suspended in dry toluene. Triethyl-
amine {2-3 ml}) was added and refluxed under atmosphere of

N for 16 hrs. Then it was filtered hot and toluene was

2
distilled out. The product obtained was crysttallised from

benzene~alcohol mixture. M.p. 333°C, decomposes. Yield (0.7 g)

Analysis : Found : C, 74.73% ; H, 4.16%

- * . [ .
618H1004 : requires : C, 74.48% .,; H, 3.44%
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6-Hydroxy-coumaran-3-one (71}

Dry hydrogen chloride was passed for 35 minutes through
a well stirred mixture of resorcinol (6.0 g), chloroacetoni-
trile (4.0 g})powdered anhydrous zinc chloride (4.0 g) and
dry ether (40 ml)}. The ketemine hydrochloride was separated
and washed by decantation with .two portions (10 ml) of dry
ether. Water was added (200 ml) and ether was removed comple~-
tely and solution was heated for 10 minutes. On cooling and
"chilling product separated ocut was added to a hot solution
of potassium acetaté (5.0 g) in absolute ethanol (20 ml)
and refluxed for 15 minutes. It was coocled and poured into
ice~cold water (50-60 ml). The product separatéd out was
filtered and crystallised from hot water. M.p. 243°C, Yield

42,
3.5 g. (reported M.p. 243°C)

6-Acetoxy coumaran- 3-one (72) ‘

A mixture of 6-hydroxy-coumaran-3-one (4.0 g), acetyl
chloride (8 ml) and ethylacetate (20 ml) was refluxed for
3 bhrs. fhe solvent was removed and poured into ice-cold
water. The product obtained was filterd, dried and crysta-

A2
l1lised from benzene. M.p. 78°C {(reported 79°C), Yield (3.5 g)
3

6~Acetoxy coumaran (73)

To a mixture of Gracetoxy coumaran-3-one (6.0 g) in

glacial acetic acid (20 ml) with palladised charcoal (10%)
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{1.2 g), hydrogen gas was passed under 3-4 atoms. Pressure
at 65°C with stirring till further drop of pressure stops
(5~6 hrs.) It was filtered, acetic acid was distilled out
and poured into ice-~cold water. The product obtained was
filtered, dried and crystallised {from benzene. Filtrate
on neutralisation with sodium bicarbonate gave the product:

h2
M.p. 71°C. (Reported 73°C), Yield (2.0 g).

Dihydrofuro-{(3,2-g)}-benzofuro (2,3-c)-benzopyran-6(H}-one (74)

6-Acetoxy coumaran (1.78 g) and 2-carbethoxy-3-(2H}~-
benzofuranone (2.06 g) were mixed in conc. HZSO4 (80%) (5-
6 ml) and kept it overnight for 2 days. It was poured into
ice-cold water. The product obtained was filtered and crysta-

llised from ethanol. M.p. 268°C, Yield (1.8 g).

Analysis : Found s C, 72.93% : H, 4.04%

- > . Q. - i}
017H1004 : requires : C, 73.38% ; H, 3.60%

Furo-(2,3-g)-benzofuro (2,3-c)-benzopyran-6(H)-one (75)

(2,3~g)-dihydrofurc-benzofuro (2,3-c)-bénzopyran—6(H)~one
(0.8 g) was refluxed in diphenylether (10 mil) with palladised
charcoal (10%) (0.4 g} for 10 hrs. It was filtered hot,
dihenyether was removed and product obtained was crystallised

from alcohol-DMF mixture. M.p. 278°C, Yield (0.6 g}).

Analysis : Found : C, 73.44% ; H, 3.31%

. 5 . . . 0
Cl7H804 : requires : C, 73.91% ; H, 2.90%
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3~-(1,1-dimethyl~3~prop~2~ynyvloxy)-benzofuro-{2,3~-c}-benzopyran-6 (H) -

one (76)

A mixture of 3~hydroxy-benzofuro—f2,3-c)~benzopyran—
6(H)-one (2.52 g) 3-chlgro-3methyl-but-l-yne (1.2 ml) and
anhydrous potassium carbonate {10 g) was refluxed in acetone
(100 ml) and DMF (10 ml) with stirring with few crystals
of KI for 36 hrs. The excess of acetone was distilled out
and it was ﬁoured in ice-cold watef. The product obtained
was filtered and washed with aq. NaOH to remove unreacted
compound. It was filtered, dried and crystallised from benze-

ne. M.p. 176°C, Yield (2.4 g).

Analysis : Found : C, 75.91% : H, 4.88%

C20H14O4 : requires : C, 75.47% ; H, 4.43%

2,2-Dimethyl~pyrano~-(2,3-h )-benzofuro-(2,3-c)~benzopyran-6(H)-

one (77)

3-(1,1-dimethyl-3-prop-2-ynyloxy}-benzofuro-(2,3-c)-
benzopyran-6(H)-one (2.0 g) was fefluxed in N,N-dimethyl-
aniline (10 ml} for 6 hrs. It was then poured into ice-cold
HC1 (1:1). The product obtained was filtered, and pu}ified
by column chromatography using benzene,itcrystallised from

.benzne. M.p. 212°C, Yield (1.2 g}.

3

Analysis : Found : C, 75.01% ; H, 4.11%

. 3 . g, . g,
CZOH1404 : requires : C, 75.48§ ;7 H, 4.40%



260

3-(1,1-dimethyl~-3-prop-2-ynyloxy)-4-methyl-benzofuro-(2,3-c})-

benzopyran-6{H)}-one (78)

A mixture of 3-hydroxy-4-methyl-benzofurc (2,3-c)~-benzo~
pyran-6(H)-one (2.65 g), 3-chloro-3-methyl-but-1-yne (1.3 ml)
and anhydrous potassium carbonate {10.0 g) was refluxed in
dry acetone (100 ml) and DMF (10 ml) with stirring with few
crystals of KI for 38 hrs. The excess of acetone was distil-
led out and poured into ice-cold water. The product obtained
was washed with aq. NaOH to remove unreacted compound. It
was filtered, dried and purified by column chromatography

using benzene, crystallised from benzene. M.p. 195°C, Yield

(2.0 g).

Analysis : Found ¢+ C, 75.90% ; H, 5.20%
H : i : .91% . ‘

021 1604 requires c, 75.91% ; H, 4.81%

3,3,5-Trimethyl-pyrano~{(3,2-g)-benzofuro-{(2,3~c)-benzopyran-

7(H)-one (79)

Compound (78) (2.0 .g) .was refluxed in N,N-dimethylaniline
(10 ml) for 6 hrs. It was poured into ice-cold HCI (1:1]
The product obtained was filtered and found to be insoluble
in NaOH. It was purified by preparative TLC using benzene.
It showed bluish yellow fluorescence in UV 1light. It .«

crystallised from benzene. M.p. 252°C, Yield (0.9 g).

Analysis : Found : C, 75.49% ; H, 4 90%

‘ . s R . 9
C21H1604 : requires : C, 75.91% ; H, 4.81%



8,9-Dihydroxy~benzofuro-(3,2-c)~-benzopyran~6{(H)-one (81)

A mixture of 4-hydroxy coumarin, (1.6 g) and sodium
acetate (2.5 g) was dissolvéd in (1:1) acetone : water (15
ml). To it catechol (1.1 g) was added. Then mixture of
potassium iodate (6.5 g) and sodium acetate (2.5 g) dissolved
in water (50~-60 ml) was added dropwise to the above mixture
with contineous stirring in 15-20 minutes. It was stirred
further 15 minutes. The so0lid separated out was filtered
and washed several times with water. The product showed
green colouration with neutral FeCls. M.p. of crddg product
is 285°C. Yield (1.5 g). It was used directly for further

reaction.

8,9-Diallyloxy~-benzofuro (3,2-c)-benzopyran-6(H)-one (82)

A mixture of 8,9-dihydroxy-benzofuro (3,2-c)-benzopyran-
6(H)-one (2.6 g) anhydrous potassium carbonate (7-8 g) and

allylbromide (4.0 ml)’was refluxed in dry acetone (150 ml)
A

for 8-10 hs. Excess of acetone was distilled and poured
into water. The product obtained was filtered and washed
with aq. NaOH to remove unreacted compound. The product

was purified by column chromatography using benzene as eluting
solvent. It us. c¢rystallised from benzene. M.p. 144°C,

Yield (1.2 g).

Analysis : Found : C, 72.81% ; H, 4.76%

. s . g . g
621H1605 : requires : C, 72.41% ; H, 4.60%
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41-Allyl1-10~-hydroxy-8-methyl-dihydrofureo-{2,3-e)-benzofuro-

{3,2-c)~benzopyran-6(H)-one (83}

8,9-Diallyloxy~benzofuro-(3,2-c)-benzopyran-6(H)-one (1.0
g) was refluxed in N,N-dimethylaniline (10 ml)} for 6 hrs.
It was, poured into ice-HCI (151). The product obtained was
filtered, dried and purified by column chromatography using

benzene,&ﬂrystallised from benzene. M.p. 185°C, Yield (0.55 g}

Analysis : Found : €, 72.86% ; H, 4.81%

. 3 . 9 . 9
821H1605 : requires c, 72.41% ; H, 4.60%

8,11-Dimethyl ~-dihydrodifuro-(2,3-e : 2',3'-g)-benzofuro (3,2-c)-

benzopyran-6(H)~-one (84)

11-Al1ly1~-10-hydroxy-8~methyl-dihydrofuro (2,3-e)-benzofu-
rol {3,2-c)-benzopyran-6(H)~-one (1.0 g) was triturated with con.
HZSO4 (80%) and then heated in waterbath for 10 minutes.
It was poured into ice-cold water and left overnight. It
was filtered and washed with aq. dil. NaOH fo remove unreacted

compound, purified by column chromatography using benzene, it

crystallised from benzene. M.p. 232°C, Yield (0.45 g).

Analysis : Found : C, 72.83% ; H, 4.05%

. 1 - [} " o
C21H1405 : requires : C, 72.41% ; H, 4.59%

S
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8,11-Dimethyl-difuro-{(2,3-e : 2',3'<g)-benzofuro~(3,2-¢)-

benzopyran-6(H)-one (85)

Compound (84) (0.4 g) was refluxed in diphenyl ether
(10 ml) with palladised charcoal (10%) (0.35 g} for 8 hrs.
Diphenylether was removed and product obtained was purified
by column chromatography using benzens. It was crystallised

from benzene. M.p. 305°C, Yield (0.25 g).

Analysis : Found ¢ €, 73.06% ; H, 3.91%

. : . g . %
C21H1205 : réqulres : €, 73.25% ;3 H,. 3.49%

4~Cyclohexan-2-onyloxy-2-hydroxy-acetophenone (87)

A mixture of resacetophenone (6.0 g}, bromocyclohexanone
(5.2 ml) and anhydrous potassium-carbonate (15.0 g) was refl-
uxed in dry acetone (150 ml)} for 8 hrs. It was worked out
as usual. The brown product obtained was purified by column
chromatography using pet. ether : Dbenzene (1:1) mixture,
vt crystallised from benzene-pet. ether. White shining

crystals showed M.p. 136°C, Yield (4.5 g).

Analysis : Found : C, 67.92% ; H, 6.47%
, . . 0
C14H1504 : requires : C, 67.74% ; H, 6.45%

5,6,7,8-Tetrahydro-2-hydroxy~3-acetyl-dibenzofuran (88)

4-Cyclohexan-2-onyloxy-2-hydroxy acetophenone (1.0 g) was



dissolved in O0.1N alcoholic KOH (100 ml) and refluxed in
waterbath for 8 hrs. The excess of alcohol was distilled
out and poured into ice. On acidification with conc. HCI
the product obtained was purified by column chromatography
using benzene. It vu. crystallised from benzene. M.p. 182°C,

.Yield (0.6 g).

Analysis : Found : C, 73.50% ; H, 6.50%

- 3 * i) .
C14H1403 : requires : C, 73.058% ; H, 6.09%
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6,7,8,9-Tetrahydro-4-hydroxy-benzofuro-(3,2-g)~-benzopyran-2(H)-

one (89)

-

5,6,7.8—Tetrahydro—2-hydroxy—3¥acety1—dibenzofuran {1.0 g)

dissolved in diethyl carbonate (10.0 ml) was added slowly
to pulverised Na (Z.Ojg and heated in waterbath for 10 hrs.
Alcohol was added to decompose unreacted sodium metal and
poured into ice-cold ‘water, acidified with conc. HC1. The
product obtained w.s ‘crystallised from alcochol. M.p. 280°C,

Yield (0.8 g}.

\

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

. s - ' . 0.
015H1204 : requires : C, ?0.33% 7 H, 4.69%

10,11—Dihydroxy—1,2,3,4~tetrahydro—dibenzofuro~(3,Z-C;: 3',2'-g)

benzopyran-8(H)~-one (90)

R

A mixture of above 4-hydroxy coumarin (1.5 g), catechol
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(1.1 g), sodium acetate (2.0 g) was dissolved in (1:1) acetone

water mixture and stirred continuously. A mixture of agueous
solution of sodium acetate (2.0 g) and potassium iodate (4.5
g} was added to it slowly within 15-20 minutes with stirring.
It was poured into water and filtered, washed several times
with water. The crude product obtained was used directly

for further reaction.

10,11-dimethoxy-1,2,3,4-tetrahydro~dibenzofuro~(3,2-¢c ¢ 3',2'-g)

-benzopyran-8(H)-one (91)

A mixture of compound (90) (1.0 g), anhydrous\potassium
carbonate (4.0 g) and‘dimethylsulfata (1.8 ml) was refiuxed
in dry acetone (100 ml) for 8 hrs. The excess of acetone
was removed and poured into water. The product obtained
was filtered and washed with ag. sodium hydroxide to remove
unreacted éompound. It was purified by column chromatography

?sing benzene,ifcrystallised from benzene. M.p. 220°C, Yield

(0.8 g).

Analysis : Found : C,470234% : H, 4.61% €
. 3 . 9, .

C23H1806 : requires : C, 70.76% : H, 4.62%

10,11-Dimethoxy~dibenzofuro-(3,2-¢c : 3',2'.)g)-benzopyran-8(H)

one (92)

[

A mixture above methylether (91) (0.5 g) and palladised
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charcoal (10%) (0.35 g) was refluxed in diphenyl ether (10
ml} for 25 hrs. It was filtered hot and diphenyl ether was
removed and product obtained was purified by column chromato-
graphy using benzene.iﬁ;rystallised from benzene. M.p. 260°C,

Yield (0.25 g).

Analysis : Found : C, 71.53% ; H, 4.08%.

C23H1406 : requires : c, 71.50% ; H, 3.63%

4-Cyclohexan~-2-onyloxy-2-hydroxy-3-methylacetophenone (94)

A mixture of 2-methyl resacetophenone (6.3 g) bromocyclo-
hexanone (5.2 ml) and anhydrous potassium carbonate (15.0
g) was refluxed in dry acetone (150 ml)} for 8 hrs. It was
worked out as usual. The product obtained was purified by

column chromatography using benenze.&brystallised from benzene.

M.p. 125°C, Yield (4.2\g].

Analysis’ :  Found  : C, 69.12% : H, 6.99%
. : . g .

C15H18O4 : requires : C, 68.70% ; H, 6.87%

5.6,7,8~Tetrahydro—2~hydr0xy-1-methyl—3;acety1~dibenzofuran

(95)

4-Cyclohexan~2-onyloxy-2-hydroxy~3-methyl acetophenone
(1.0 g) was dissolved in O.1N alcoholic KOH (100 ml) and
refluxed for 8 hrs. The excess of alcohol was distilled

out and poured into ice. It was acidified with conc. HC1.



The product obtained was purifieq by column chromatography

using benzene, 14 crystallised from benzene. M.p. 148°C,

Yield (0.5 g).

Analysis : Found : €, 73.35% : H, 6.62%

3 . » ;
C15H1603 oo requires ¢ C, 73.77% ; H, 6.56%

11—Methyl—4—hydroxy-6,7,8,9—tetrahydro—bé&ofuro {2,3-g)-benzo-

pyran-2(H}-one (96)

Compound (985) (1.0 g) was dissolved in diethyl carbonate
(10 ml) and added slowly to the pulverised Na (2.0 g) and
heated in waterbath for 8 hrs. Alcchol was added to decompose
unreacted Na and then poured into ice. It was acidified
with conc. HCIL. The product obtained giiﬁcrystallised from

ethanol. M.p. 301°C, Yield (0.9 g).

Analysis : Found : 'C, 70.93% : H, 4.70%

. 3 - 9, .
016H1404 : requires : €, 71.11% :; H, 5.19%

10,11-Dihydroxy-6-methyl-1,2,3,4-tetrahydro-dibenzofuro-

{3,2-¢c : 3',2'~g)-benzopyran-8(H)~-one (97) {

A mixture of above 4-hydroxycoumarin (96) (2.5 g), cate-
chol (1.1 g), sodiumacetate (2.5 g) was dissolved in (1:1)
acetone : water mixture (20 ml) and St1rred contineously.
A mixture of aqueous solution of sodium ad&ate (2.5 g) and
potassium iodate (6.5 g} was added to it slowly within 15-

20 minutes with stirring. It was poured into water. The



268

product obtained was filtered and washed with .".watér . !

several - times -compeynd-, The crude product obtained was

used directly for further reaction.

10,11-Dimethoxy-6-methyl~1,2,3,4-tetrahydro-dibenzofuro-(3,2-c

3',2'-g)~benzopyran-8(H)}-ocne (98)

A mixture of compound (97) (1.5 g), anhydrous potassium
carbonate (6.0 g) and dimethylsulfate (1.4 ml) was refluxed
in dry ‘acetone (100 ml) for 8 hrs. The excess of acetone
was removed and poured into water. The product obtained
was filtered and washed with aq. NaOH to remove unreacted
compound. It was purified by column chromatography using

benzeneﬁﬁcrystallised from benzene. M.p. 273°C, Yield (1.1

g).
Analysis : qund : C, 71.25% : H, 5.40%
C24H2006 : requires : C, 71.29% ; H, 4.95%

/¢

10,11-Dimethoxy-6-methyl~dibenzofuro-~(3,2~¢ : 3',2'-g}-benzo-

pyran-8(H)-one {(99)

A mixture of above dimethylether (98) (0.8 g) and palla-
dised charcoal (10%) (0.5 g) was refluxed in diphenyl ether
(10 ml) for 20 hrs. It was filtered hot and diphenyl ether
was removed. Theg product obtained was purified by column
chromatography using benzene,;t crystallised frqm benzene.

M.p. 279°C, Yield {0.50 g}.
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Analysis - Found ¢ C, 72.50% : H, 4.44%

. s . 8 .
CZ4H1606 : requires : G, 72.00% : H, 4.00%

6,7,8,9-Tetrahydro-4-(cyclohexan-2-gnyloxy)-benzofuro (3,2-g)-

benzopyran-2{H)-one (100)

4-Hydroxy-6,7,8,9-tetrahydro-benzofuro-(3,2-g)-benzopyran-
Z(HS—ong (1.0 g) was refluxed with anhydrous potassium carbo-
nate (4.0 g) and Z-bromocyclohexanone (0.9 ml) in dry aéetone
{100 ml) for 10 hrs. It was worked out as usual. The product
obtained was purified by column chromatography using benzene.
It wac crystallised from benzene-alcohol mixture. M.p. 252°C,

yield (0.9 g).

Analysis : Found ¢ G, 71.20% .; H, 5.92%

G21H2005 : requires : C, 71.59% ; H, 5.68%

1,2,3,4,9,10,11,12~0¢ctahydro~dibenzofuro=(3.2-¢c ; -3! . 2'-g}-.

Qegzopyran~8(H)~one (101)

Compound (100) (0.8 g) was triturated with conc.‘HZSO4
{(80%) and heated in waterbath for 20 minutes. It was left
overnight. Next day poured intoc ice-cold water. The product

obtained was fitered and crystallised from alcohol-benzene

mixture. M.p. 160°C, Yield {0.65 g}.

Analysis : Found : C, 75.41% : H, 5.85%

021H1804 : requires : C, 75.44% ; H, 5.39%
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Dibenzofuro (3,2-c : 3',2'-g)-benzopyran-8(H)-one (102)

1.2,3,4,9,10,11,12-0octahydrodibenzofuro-(3,2-¢c : 3',2'-g)
benzopyran-8(H)-one (0.4 g} was refluxed with palladised
charcoal (10%) (0.3 g) in diphenylether (10 ml) for 20 hrs.
It was filtered hot and diphenylether was removed. The product
obtained) .3 crystallised from Dbenzene-alcohol mixture.

M.p. 238°C, Yield (0.168 g}.

Analysis : Found : C, 76.88% : H, 3.56%

C21H1004 : requires : C, 77.31% ; H, 3.07%
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