SUMMARY



SUMMARY

Fufo—benzo—a-pyrones or furccoumarins, furo.benzo.
~-y=-pyrones or furochromones and coumestans are found in
nature. In recent yeafs the interest in the study of these
compounds has been enhanced as a result of the discovery
of their interestihg physi@logical prbpertiesl Moreover,
they occupy a prominent position amorg the plant products
and comprise a body of organic substances of extra ordinary

variety and interest.

~1

The present work deals with the synthesis of fum .

coumarins, furochromone S, furoxanthones and furocoumestan

derivatives.

Chapter TI.

Studies in the synthesis of furocoumarins :

Linear and angular furo-benzo-gq-pyrones are
synthe sised having alkyl, aryl and alicyclic’substituenxss
in different positions.

Synthesis of psoralene derivatives :

.

Pechmayn condensatipn of 2.bromo resorcinol with
ethyl benzoyl acetate in the presence of conc; sulphuric
acid gave 87bfomo,7_hydroxy-%-phenylcoumarin, which on
allylation with allyl bromide in dry acetone and anhydrous
potassium carbonate afforded 8-bromo-7.allyloxy -4 henyl-
coumarin. This, on'Claiéen rearrangement by refluxing it

with dimethyl aniline in an atmosphere of nitrogen gave

i



282

7.hydroxy.6-allyl-4.phenylcoumrin, bromine being eliminatdd
during the reaction. The structure of 7-hydroxy-6.allyl-lr.
phenylcoumarin was confirmed on\the basis of I.R. and N.M.Ra
spectra. 7-Hydroxy.6-allyl-t-phenylcoumarin triturated with
conc. Sulphuric acid to give 2.methyl-5-phenyl-7H.2,3-dihydro-
furo  [3,2g] [1] benzopyren-7-one, which on dehydrogenation
with palladised charcoal in diphenyl ether gave 2.methy;-5-
phenyl.7H.furo [3,2..g] [1] benzopyran.7-one .

2.Bromo resoreinol, on similar condensation with

ethyl cyclohexanone.2.carboxylate gave 4 _bromo.3-Aydroxy.
7,8,9,10-tetrahydro.6H-dibenzo [b,d] pyran-6-one. This on
allylation and Claisen migration gave 2.allyl-3-hydroxy.
748,9,10-tetranydro.6H-dibenzo [b,é} pyran-6-one, the
structure of which was confirmed by I.R. and N.M.R. sSpectra., .
This compound on ring closure with conc. sulphuric acid
followed by dehydrogenation gave 9.methyi—5H_b§nzo furo
[6,5-§]{i] benzopyran-5.-one .

. 9-Methyl.l,2,3,4~tetrahydro.5H_benzofuro [6,5-@]
[1] benzopyran.5.-one was also synthesised by a different
route developed by yaufmann et al. (J. Org. Chem. 27, 2567,
1962) s 2-A1lyl.3.hydroxy-7,8,9,l0-tetrahydro-6H-dibenzofbyd]"
pyran-6-one on acetylation with acetic anhydride and sbdium
acetate gave 2-21lyl-3-acetoxy.7,8,9,l0-tetrahydro-6H-
dibénzo [ﬁ,é} pyran-6-one, which on bromination with bromine

in acetic acid afforded 3.acetoxy-2-(2?,3°-dibromopropyl).
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7,8,9 ,10-tetranydro-6H-dibenzo [b,d] pyren-6-one. Cyclisation
of the dlbromopropyl acetate to é.methyl-l,2,3,k,tetrahydro_
~5H~benzofuro [b,S-é][l] benzopyran-5-one was accomplished
by treatment with pgtassium hydroXide in absolute aleohol.

Pechmam condensation of 2.bromo resorcinol with
ethyl eyclopentanone-2-carboxylate gave 6-bromo.7-hydroxy.
1,2,3,k-tetrahydro cyclopenta‘géiNbenzopyran.h-one, which
on allylation and Claisen migration, afforded 8-allyl.7-
nydroxyﬁl,2,3,4,tetrahydro cyclopenta g@] [i]benZOpyran-
~li-one. The structure of this compound was confirmed by
N.M.R. and I.R. spectra. This underwent ring closure with
conc. sulphurie aciQ'but faiied to give final compound on
dehydrogenation‘ﬁith palladised charcoal., So tge final
compound 8-methyl-1,2,3,4-tetrahydro eyclopenta Ecj furo
[3,2-é} [1] benzopyran-4-one was prepared by Keufmann’s
method as described above, which consisted of acetylation 7
of'orthomhydroxy-ailyl compound , bromination and reaction

with alcoholic potassium,hydroﬁidea.

Synthesis of angular furocoumarin derivatives :

Synthesis of 7H-furo- [3,2-f] [i] benzopyran.7.

one ‘and its 2.methyl derivative have been achieved.

é-Hydroxycoumerin was converted to its allyl
ether by refluxing it with allyl bromide in dr& acetone and
anhydrous potassium carbonate, which underwent Claisen
migration to give S-allyl-é-hydroxycoumarin. The structure

of this compound was confirmed by N.M.R. and I.R. spectra,
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This compound on treatment with osmium tetroxide and

potassium periodate in ethyl acetate-eater, afforded
5-acetaldehydo-b.hydroxycoumarin, which on heating with
polyphosph@ric acid gave 7H.furo- [3,2-51 [i} benzopyran..

-7-one. The structure of this compound was confirmed ty U.V.

and I.R. spectra.

5-A11yl.é6.hydroxycoumarin on trituration with
cone, sulphuric acid followed by dehydrogenation with
palladised charcoal in boiling diphenyl ether furnished 2- ,
methyl.7H.furo 3,2-5] [i} benzopyran.7.-one. The structure of

which was confirmed by U.V. and L.R. spectra.

Synthesis of difuro.coumarin derivatives :

-

4 _Hydroxy.7.-allyloxycoumarin was allylated with
allyl bromide in dry acetone and anhydrous potassium @rbonate
afforded 4,7-diallyloxycoumarin. This when subjected to Clalsen
rearrangeient by refluxing it with dimethyl aniline gave two
pfoducts. These were characterised as 2-methyl-7-hydroxy-
6-allyl-4.oxoBH_dihydro furo (3,2-¢) benzopyran and 5-

methyl.7.allyloxy-4-oxo-4H-2,3-dihydro furo(3,2.c) benzopyran.
2-Methyl.7.allyloxy 4-oxo.4H-2,3-dihydro furo(3,2-c)benzo-

pyran on Claisen migration gave 2.methyl.7.hydroxyié.allyl.
-4.oxo 4H-dihydro furo (3,2-¢) benzopyran. 2.Methyl-7.
hydroxy.6-allyl-k-oxo.4H.dihydro furo(3,2-¢) benzopyran on

eyclisation with conc. sulphuric acid followed by dehydroge-

nation with palladised charcogl in diphenyl ether furnished
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2,7.dimethyl._oXoHi-difuro(3,2-¢ j 27,3°-H) benzopyran.
Similar series of reactions 6n 4,7.diallyioxy-8.methyl-
coumarin and 4,6-diallyloxXycoumarin gave 2,6,7-trimethyl-t-
oxo-4H.difuro (3,2-¢133°,2"-¢) benzopyran and 2,9-dimethyl-
#.oxo.4H-difuro‘(3,2.c ; 37,2°-f) benzopyran, reépectively.
Us Ve, I.Re and N.M.R. spectra of di furo coumarins were

recorded for confirmation of the structuBes.

Chapter II.

Studies in the synthesis of furo.benzo.y.pyrones

Linear and angular furochromones and xanthones are
synthesised by building up & furan ring on o-hydroxy allyl
chromone derivatives or o-hydroxy acyl derivatives, depending

upon the position of the substituent required.

Synthesis of furochromone derivatives | :

Thermal condensation of 2.methyl resorcinol with
eyclopentanone -2-carboxylic acid ethyl ester in refluxing
'diphenyl ether gave 7_hydroxy-8.metgy1-l,2,3,#,tetranydroL
cyclopenta (b) benz§pyran-h-one,;wﬁich on allylation afforded
7-aliyloxy,8.methyl_1,2,3,4-tetrahydro cyclopenta (b) benzo-
pyren.i.one . This allyloxy chromone when subjected to Claisen
rearrangement by refluxing it with dimethyl aniline afforded
7;hydroxy-6-allyl-8.methylul,2,3,R-tetrahydrocyclopenta (v)
benzopyran-li.one, which on treatment with osmium tetroxide

and potassium periodate in etnyl.acétate - water afforded
- {
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7-hydroxy -6-acetaldehydo-8.methyl.1,2,3,k-tetrahydrocyclopenta-
-(b) benzopyran.+.one. This on treatment with polyphosphoric
acid gave 9-methyl-1,2,3,4-tetrahydrocyclopenta (b) furo

(3,2-g) benzopyran.l.one.
j o

6-411y1l.7-hydroxy.-8-methyl.l,2,3,4-tetrahydro-
eyclopenta (b) benzopyran-k.one on trituration with conc.
sulphuric acid gave 7,9_Qimethy1gl,2,3,%,6,7-hexahydro |
cyclopenta (b) BenZOpyran_H_one. The dihydro furo chromoﬁe
was dehydrogenated to 7,9-dimethyl.l,2,3,4%-tetrahydro cyclo.
penta (b) furo (3,2-g) benzopyran.h-one, when refluxed ﬁith

diphenyl ether in the presence of palladised charcoal.

Thermal condensation of resorcinél'with cyclopen.
tanone.-2-carboxylic acid ethyl ester in refluxing diphenyl
ether gave 7.hyd?oxy-l,2,3,%,tetrahydro eyclopenta (b) benzo.
pyran-4.one, which when reflﬁxed with allyl bromide in dry
acetone and anhydrous pot2ssium carbonate afforded 7.-allyloxy-
1,2,3,k-tetrahydro cyclopenta (b) benzopyran.t-one. This
allyloxy chromone when subjected to Claisen rearrangement by
refluxing it with dimethyl aniline gave 7.hydroxy-8-allyl-
1,2,3,k-tetrahydro cyclopenta (b) benzopyran.ti-one. Cyclisa.
tion with conmec. sulphuric acid gave 8.methyl-1,2,3,%,8,9-
hexahydro-cyclopenta (b) furo (2,3-h) benzopyran-Y._one.
Dehydrogenation of this compound with palladised charcoal
in diphenyl ether as well = with DDQ in benzene failed to
give 8-methyl.l,2,3,k,tetranydro cyclopenta (b) furo ( 3,2-8)

benzopyran-k-one.



. In the following synthesis furochromone having
methyl group in the 3.position of the furan ring along with
the substituents in the y.pyronyl ring was prepared,

7-Hydroxy.1,2,3,%-tetrahydro-cyclopenta (b) benzo-
pyran-t-one on acetylation with acetic anhydride and fused
sodium acetate gave 7.acetoxy-l1,2,3,4-tetrahydro-cyclopenta
(b) benzopyran.i-one, which on Fries migration in the
presence of anhydrous aluminium chloride, gave'7-hydroxy-8—
acetyl-1,2,3,4-tetrahydro.cyclopenta (b) benzopyran-4-ons.
This was condensed with ethyl bromo acetate in dry acetone '
and anhydrous potassium carbonate to éive ethyl-S-acetyl-
-4.oxo.1,2,3,4-tetranydro-cyclopenta (b) benzopyronyloxy-7-
acetate,-which was hydrolysed with a mixture of acetiec acid
and hydrochloric acid (1 : 1) to 8.acetyl-t-ox0.1,2,3,4-
tetrahydrocyclopenta (bj benzopyronyloxy.7-acetic acid. The
acid 'was cyclised with acetic anhydride and fresh1§ fused
sodium‘écetate to 9-ﬁethyl-l,2,3,H-tetrahydrp cyclopenta (b)
furo (2,3-h) benzopyran.lt.one. The structures of the compounds

were confirmed by U.V., I.R. and N.M.R. spectra.

¢

Synthesis of furoxanthone deri#atiVes :

Thermal condensation of 2.metﬁy1 resorcinol with
cyclohexanope-2-carboxylic acid ethyl ester refluxing diphenyl
ether gave 6-hY§rOXY—5.methyll,2,3,M.tetrahydroxanthona,
which on allylation followed by .Claisen rearfangement gave

6_hydroxy-?-allyl-ﬁ.metpyl-l,2,3,%-tetrahydroxanthone. This
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compound bn‘treatmeﬁt with OSmium tefroxide and potassiuh
periodate in .ethyl acetate.water afforded 6-hydroxy-7-
acetaldehydo_S_methyl-l,2,3,h_tetrénydroxénthone, which on ’
treatment with polyphosphorie acid gave’S.Methyl-1,2,3,4_
tetraﬁydro furo (2?,3’-6,7) xanthone. , |

.

5%,5.-Dimethyl-1,2,3,k-tetrahydro furo (2°,3°-6,7)

- xenthone was synthesiéed by Kéufmann’s'method. 7-411y1.6.
hydroxy,ﬁ.methy1;152,3,%-tetrahydroxaﬁthone on acetylétion
with acetic anhydride and sodium acetate gave 7-é;lyl-6,
acetoxy-ﬁ-meéhﬁl_l,2,3,4-tetrahydroxanthone, whidﬁ on
bromﬁnaﬁion with bromine in acetic acid afforded 6-acetoxy-
7-(2?,3 ~dibromo ﬁrOpyl)-S.methyl-l,2;3,k-tetrahyérdxanthone.
Cyclisation of the dibromopr?pyl compound to 5,,5—dimethyl-
1,2,3, l{—-tétrahyd:‘o fui'o (2 ,3 -6,7) xanthone was accomplished

by treatment with pota531um hydroxide in absolute alcohol.

7-AIlyl-6-hydroxy.5.methyl-1, 2 3 4-tetrahydro-
xXanthone on trituration with conc. sulphuric acld gave
5 5-dimethy1-l 2,3,k 4’,5 ’ hexahydro furo (2’,3 ’..6 )xanthone
The dihydrofuro xanthone on reaction with palladised charcoal
in diphenyl ether gave 5’ ,5.dlgethy1ffuro (3’,2’-2,3)xanthone.
U.V., I.R. and N.M.R. spectra of some of the compounds Were

recorded to confirm the structure of the compoﬁnds.

Thermal condensatlon of resorcinol with cyclohexanone-
_2-carboxy11c acid ethyl ester in refluxing diphenyl ether
gave 6.hydroxy-l 2,3 %-tetrahydroxanxhone which when refluxed
with allyl bromide in dry acetone and anhydrous potassium -

+
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carbonate afforded 6-allylexy.l,2,3,4-tetrahydroxanthone-.

This allyloxyxanthone when subjected to Claigen rearrangemegt
by refluxing it with dimethyl aniline gave 6-hydroxy-5-allyl.
-1,2,3 ,4-tetrahydroxanthone. The structure of this compound
was confirmed by N.M.R. and I.R. spectra, 6.Hydroxy-5.allyl.
-1,2,3,4-tetrahydroxanthone on treatment with oSmium tetroxide

and potassium periodaéé in ethyl acetate.water, followed by ,

. heating with polyphosphoric acid afforded 1,2,3,k-tetrahydro-

furo (37,2.5,6) Xanthone.

/

6-Hydroxy_5-a11y1;1,2,3,4-tetrahydfoxanthone on .
trituration with cone. sulphuric acid gave 5’.meth}l-1,2,3,#,

4?,5% hexahydro (3’,2’-5;é)xanthone. The dihydro furo xanthone

was dehydrogenated to 5'.methyl-furo (3’,2’-4,3)xanthpne,

when refluxed with diphenyl ether in the presence of palladised

charcoal.

L i

6-Hydroxy-1,2,3,%-tetrahydroxanthone on acetylation
with acetic anhydride and fused sodium acetate gave 6-aceto§y_
1,2,3,4~tetrahydroxanthone, which on Fries migration in the
presence of aphydrous aluminium c@loride gave 6.hydroxy.5.
acety1;1,2;3,%-tetrahydro“xanthone.VTh}s was condensed with
ethyl bromo acetate in dry acetonme and anhydrous potassium
carﬁonaté to give ethyl-5-acetyl.1,2,3 k-tetranydro-6.
Xanthonyloxy-acetate, wn;ch was hydrolysed with a.mixture of
acetic acid and hydrochloriec agid (1 : 1) to 5-acetyl-1,2,3,4.

tetrahydrd.é_xanthonyloxy acetic acid. The acid was cyclised
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with écetic anhydride and fused sodium acetate to %’.methyl
1,2,3,4_tetrahydro furo (37,2°-5,6) xanthone. 4?;M§thyl_furo
(37,2°.4,3) xanthone was.prepared by dehydrogenation of

%9 methyl-1,2,3 4-tetrahydro furo (3}2’-5,6) xanthone with

with palladised charcoal in diphenyl ether. The §trﬁc£ures (
of the compounds are supported by U.V., I.R. and N.M.Re

spectra. : _ /

Chapter 7I1II.

Studies in the synthesis of furo.coumestan derivatives

Furocoumestans' of this type are synthesised for
the first time in the present work by building up a furan
ring on coumestan derivatives. Coumestan derivatives were
synthesised from different L.hydroxycoumarins by using
Wanglick?s method. Furan ring was then built up on o-hydroxy-

allyl coumastan derivatives.

4 _Hydroxy.7-allyloxycoumarin was prepared by
reaction of 4-allyloxy-2.hydrbxy_acetOphenone with sodium
| and diethyl carbonats, which on dehydrogenative coupling
with catachol in the presence of potassium iodate gave |
3-allyloxy-8,9-dihydroxycoumestan. 3-Allyloﬁy-8,9_d1hydroxy-'
coume stan Was methylated with dimethyl sulphate in the -
presence of anhydrous potassium carbonate in dry acetone to
give‘3-allyloxy-8,§-dimethoxy coumestan, which underwent

Claisen rearrangement, when refluxed with dimethyl miline
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under nitrogen'atﬁosPhere yo give 3-hydroxy-t-allyl.8,9.
dimethoxy coumestan. The ring closure of 3.hydrqu.&-allyl-
B,9.dimethoxy/ coumestan to 5’_ﬁethy1-8,9-dimetnoxy.4’,5’_
dihydro furo (2,3.h5 coumestan, was accomplished by

trituration with cone. sulphuric acid. This was dehydrogenated
by refluxing it with diphenyl ether in the preseﬁce of
palladised charcogl (10 7). to B’.methyl-8,9-dimethoxy furo
(2,3-h) coumestan. -The struc£ure éf*this compound was

confirmed by Uav. and I.R. spectra,

. Synthesis of 4,5’-dimethyl-8,9-dime thoxy -furo
(3,2-g) coumestan and 5’.methy1-8,9_dimethoxy-fufo (2,3-f)
coumestaﬁ was dmilarly achieved starting : from 7-aliyloxy-
-S;methyl-&,hydroxygoumarin and 6.allyloxy-%-hydroxycoumarin
respectively The U.V., I.R. and N.MiR. - spectra of the above

compognas are also recorded to ciénfirm the strudtures,

i

&



