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CHAPTER I

SECTION I

Studies in the synthesis of furocoumarins.

THEORETICAL

If the furan ring is built on a suitably
subst ituted coumarin derivative, it leads to the synthesis
of furocoumarins. Alternatively, one can start with an
appropriate coumaran derivative and build up the g-pyrone
ring on it, Bight isomeric forms of furocoumérins are found

in the literature.
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The methods for the synthesis of furocoumarins
are briefly reviewed here, )

Furocoumarin of type (A)= has been recently
synthesised for the first time by shalkh end Trivedir-.
3.Hydroxycoumarin (1) was allylated with allyl bromide in



the presence of anhydrous potassium carbonate and dry acetone
and the allyl ether (2) on Claisen rearrangement in dimethyl
aniline afforded 3.hydroxy-4.allylcoumarin (3) which was
cyclised by trituration with cone. sulphuric acid to give
2.methyl-9.0%0.9H2,3-dihydrofuro( 2,3-¢c) benzopyran (4). This
method was found superior to earlier methods2 which used
hydrobromic acid or pyridine hydrochloride. (4) was dehydro.
genated with palladised charcoal in boiling diphenyl ether
to 2.methyl-9-oxo-9ﬂ-furo(2,3;c)ben20pyran (5) « They have
also prepared furocoumarins of this type having substityents

in the benzene ring.
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Furocoumarins of the type (B) have been synthesised-
by Dholakia and Trivedis. 4. Hydroxycounarin was condensed
with malic acid in the presence of sulphuric acid to yield
2,5-410x0.24 , 5H-pyrano(3,2-c)benzopyran (6), which on
bromination gave 3.bromo derivative. This was hydrolysed
with sodium carbonate to furnish Y.oxo-hH-furo(3,2-c¢)benzo-
pyran-2-carboxylic acid (7), which was decarboxylated with
copper and quinoline to yield Y.oxo-hH-furo(3,2-¢)benzopyran(8).

This is the first synthesis of an unsubstituted furocoumarin
of this type.
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Similafly,_h.methy1-2,5-dioxo-2ﬁ,5H-pyrano(3,2-c)
'henzopyran (9) on bromination gave 3.bromo derivativé (10),
which was hydrolysed by refluxing it With 10 ¢ sodium ‘
cerbonate solution to give 2-{c-hydroxyphynyl)-4.methylfuran.
-3.earboxyliec acid (11) and not the corresponding 3.methyl-k-
oxn.#H-fﬁro(3,2;c)benz0pyran-2-carboxylic’acid as obtained
in the previous case of the 4.unsubstituted pyrano benzo.
pyran., This was a typlcal behaviour observed in the case of -
h.mgtnyl pyranobenzopyran derivative. The formation of (11)
hés been explained as follows ;- |

When 4-methyl.3-bromo-2,5-dioxo-2H,5H-pyrano(3,2-¢)
benzopyran (10) is hydrolysed, the ring contraction of rinc
(¢) takes place to form a furan ring having a carboxylie
group in 2.position, but at the same time g-pyrome ring (B)
of the coumarin ring system also opens up to give an intermediate
(11) which could not be isolated. This intermediate (11)
unﬁergoes decarboxylation to give 2-(o-hydroxypheyl);h—methyl-
furan.3.carboxylic acid (12). This hydroxy acid (12) was
cyclised by refluxing it with hydrochlorid acid to 3-methyl-l-
oxo.kH-furo§3,2_c)ben;opyran (13)»

Dﬁolakia and Trivediﬁ also prepared 3.phenyl.4.
oxo-4H.furo(3,2-c¢)benzopyran (16). 4-Hydroxy.3-benzoylcoumarin
“When condenéed.with ethyl broﬁoacetate gave (1%). This
~ indicated that the reaction went further involving the ring
closure of ethyl.3-benzoyl-4-coumarinyl oxyacetate. The ester
(14) was hydrolysed to 3.phenyl-%-oxo;4ﬁ-furo(3,2-q)benzopyran-
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-2-carbogylic acid (15) vwhich was subsequently decarboxylated
to give 3J-phenyl.4-oxo-liH.-furo(3,2-c)benzopy®en (16).
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They have alSo synthesised 2.methyl-4-oxo-WH.furo
(3,2-c)benzopyran (19). 4-Hydroxycoumarin on allylation with
allyl bromide gave Y4.allyloxycoumarin (17) which on Claisen
rearrangement gave 2,3.dihydrofuro (3,é-c)benzopyran {18) .
Dehydrogenat ion of (18) with palladised charcoal (10 %)

gave a.methyl-#;oxo;ﬁﬂ.furc(3,2-c)benz0pyran (19) .
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Furocoumarins of type (C) have been synthesised
by several workers. Limaye and Sétnes subjected 6-hydroxy-7.
acetyl.3.methylcoumarone (20) to Kostanecki.Robinson
acetylation and obtained 3,9~dimethyl-7-ox0-7H-furo( 2,3-f)
benzopyran (21) in poor yield along with 3,7-dimethyl.9.
oxo-9H-fure(2,3-f)benzopyran (22) ¢ -

Shah and Shah6 synthesised 3-alkyl.7-0x0-7H-furo
(2,3-f)benzopyran (24). by condensing 5-hydroxy-6-acetyl.3.
carboethoxycoumarin (23) with ethyl bromqacetate, followed

by hydrolysis,’cyclisation and subsequent decarboxylation,
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Chudgar and Shah7 synthesised several 3.alkyl.9.
zethyl.7.oxo-7H~fure(2,3-f)benzopyran derivatives by
condensing E.hydroxy;é-acyl-h.metnylcoumarin with ethyl
bromoacetate followed by hydrolysis and subsequent cyclisation.

Salvi and Sethna8 synthesised furocoumarin of this
type starting with a benzofuran derivative. Methyl-é.hydroxy.
-3-methylcoumarilate (25) on reaction with hexamine gave the
g.formyl derivative (26),' which on Perkin acetylation gave
2.carbome thoxy..3.m§ thyi—‘?-oxo-?H-fur 0(2,3-f)benzopyran (27) .
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Trivedl and Sethna’ (lmade a new approach to
synthesise furocoumarins. They studied the hydrolysis of
3-halogen substituted coumarino.a-pyrores and obtained
corrés:ponding i{uroco?marins. 3.Methyl-7-0x0.-7H-furo(2,3-£) -
benzopyran (29) was prepared from coumarino-a.pyroné derivative

{28) through the following sequence of reactions.
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Furocoumarin of type (D) form the subject matter
of this Chapter, hence 1t will be di scussed later.

Furoccumarin ‘of type (E) was synthesised by
Kaufmann et alio as follows 3.

5.A411y1-6.hydroxy -4+-methylcoumarin (30) was
catalytically hydrogenated to é.hydroxy.t-methyl-5-n-propyl.
coumarin (31) which was converted to an allyl ether by
reaction with allyl bromide. Refluxing of the allyl ether
in dimethyl aniline caused Claisen rearrangement to take
place in 7-position, giv;ng’7,a11y1-6;hydroxy-5.n-propy1-h.
methyleoumarin (32) . Ozonolysis, catalytic hydrogenation
and heating with o-phosphoric acid gave 8.methyl-9-n-propyl.-
6-0x0-6H.furo(2,3-g)benzopyran (33)« »

Furécoumarin of type (Fﬁ form the subject matter
of this Chapter, hence it Will be discussed later.

Angelioin is a naturally occﬁring furocoumarin of
type (G). Ppath and Paileriﬁ synthesised Angelicin by
condeﬁsing sodium salt of umbelliferon-8.aldehyde (34) with
lodoacetic ester under pressure and the product thﬁs\obtained
was subjected to hydrolysis followed by cyclisation to give
engelicin (37)e '

ﬁaik and Thakozzirepéated this work using ethyl
bromoacetate. They observed that the melting point of
7-(8-formylcoumarinoxy)-.acetic acid (35) was éua-u9° instead
of‘178-81° as reported by Spath and ?ailerit. They also observed
that eyclisation of this product (35) gave angelicin-2.carboxylic
acid (36) which was not isolated by Spath and Pailer was obtained
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and it underwent decarboxylstion when heated with copper
and quinoline to angelicin (37).

Using the same mei:hod Shah and Shea.hf:3 synthesised
3ume thyl-5-0ox0-5H~furo(2,3-h) benzopyran from 7.hydroxy-8..
acetylcoumarin. *

Limaye?'»“ synthesised angelicin by first preparing
' 4_hydroxy.5.formyleoumarone from 4.hydroxycoumarone and then
subjecting it to Perkin reaction.

Ane ja, Mukherjee and Seshadrif-ﬁ synthesised
angeliein by subjecting 7.hydroxy-8.allylcoumarin (38) to
ozonolysis and subsequent cyglisation of B_acé:taldéhyde—7-

hydroxycoumarin (39) with o-phosphoric acid.
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Furocoumarin of the type (H) was synthesised by
Kaufmann and Russeyié. They carried out Clailsen rearrange.
ment of 8-allyloxycoumarin (40) and obtained 7-allyl-8-
hydroxycoumarin (41), whicn'was acetylated and brominated.
This bromo derivative underwent cyclisatiorn to 2-methyl.8-
oxo.-8H-furo(3,2-h)benzopyran (42) when refluxed with
sodium etho?ide in absolube alcohol.
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Mehta and Sethna~? synthesised 3.-methyl.8.0%0.8H.
.furo(3,2-h)benzopyran (44) by condensing 8.hydroxy.-7.acetyl.
coumérin (43) with ethyl bromoacetate followed by hydrolysis

and eyclisation.
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Furocoumarins of type (D)

The synthesié -of furocoumarins theoretically
derivedfrom resorcinol such as Psoralene and isopsoralense,
has been extensively investigated because of the photo.
sensitizing activity associated with ..many of those
compoundsia. In contrast, very little has been published
congerning the synthesis and natural occurence of furocoumarins
derived from hydrc:quincnm=.~ik-0 and nothing is reported about
their biological acgivity. Three triphenyl furocoumarins
have been obtained by a three step process involving

i
condensation of nydroqg:tinmfxe«-9 with benzoin followed by



oxgdation and treatment with sodium acetate and acetic
anhydride. These compounds are not of very much interest
as potentiél photosensitizing agent because Musajo, et alfo
have repo}ted.that the introduction of a phenyl substituent
on the furan ring of psoralene eliminatés its photosensitizing
activity. Although the structure of the naturally occuring
compounds Halfordinzi is still in doubt, it may be another
example of furocoumarin theoretically derived from hydroquinone.
‘ Keaufmann et ali:-0 synthesised first time the
furocoumarin of type (D) by following method. S5-Formyl-6-
hydroij-k.methylcoumafin‘(#5) was condensed with methyl
bromoacetate gave methyl.5~formyl-4-methyleoumdrin-6-0Xy.
acetate (46), which was hydrolysed to the corresponding
acid (47) by hot 10 ¢ aqueous sulphuric acid. Heating (47)
with écetic énhydride and sodium acetate gave 9.methyl;7H-
furo(3,2-f] [1] benzopyran-7-one (48) in 31 £ yield and
1ts 2_carboxy derivative (49) in 43 ¢ yield. |

They have synthesised the same furocdumlrin,
' 9-methyl.7H-furo E3,2-£3 [i] benzopyran.7.one (48) tthrough
1an alternative route. 6-Hydroxy.h-me£hylcoumarinNwas ;
converted toc an allyl ether (50) by reaction with allyl
bromiaé. Claisen rearrangémeﬁt of (50) gdve 5-allyl
derivative (51), which vas subjectéd to ozonolysis, catalytic
hydrogenatibn followed by heating with o.phesphoric acid
to give the furocoumarin (48).

The above authofs prepared 2,9-dimethyl-7H-furo
[§,2-§}Y:i] benzopyran.7.one (52) from é-hydroxy-ﬁ-allyi.k-
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-methylcoumarin (51). The compourid (51) was first acetylated

and then brominafed. The dibromo derivative was cyclised
to 2,9-dimethyl.7H-furo [3,2-5 [1) benzopyran.7-one (52),
when refluxed with sodium ethoxide in absolute alcohoi‘.
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4,9-Mmethyl-7H-furo [3,243'[1] benzopyran.7.one
(97) was prepared by the same authonsza from 2-methyl.
hydroqninone. Pechﬁann condensation of 2.methyl hydroquinone
with ethyl acetoacetate gave 4,7.dimethyl-6-hydroxycoumarin.
(93), which was converted to its allyl ether (54%) by the
feaction with allyl bromide and‘anhydrous potassium carbohate
in dry acetone. 4,7-Dimethyl-6-allyloxy coumarin (54%) undervwent
the Claisen rearrangement in boiling diethyl aniline to
produce 5-allyl-4,7-dimethyl-6.hydroxycoumarin (55), ozonization,
followed by cafalytical hydrogenation gave the hemiacetal (56),
which was dehydrated to a furocoumarin (57) with hot 85 g
o-phosphoric acia,:
In another sequence, (55) was acetylated and
brominated to obtained é-acetoxy-s-(a’,3’ dibromopropyl) -
4 7-dimethylcoumarin (58), whiech was converted to a trimethyl
furocoumerin (59) by treatment with sodium ethoxide in
boiling ethanol, Both of these furocoumarins were evaluated
for psoralene-like photosensitizing activity and were found
to be inactive.
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Salvl and Sethna?i first formylated the hydroxy
benzofurans and thenAcérried out the synthésis of furo-
coumarins by Perkin® or Knoevenagel reaction. Methyl-i.
formyl-S»hydroxy-3-methylcoumarilate (60) on reaction with
diethylmalonate gave ethyl-2-carbomethoxy-3-methyl.7H-furo.
[3,2..5) [1] benzopyran.7-one (61), which on hydrolysis
followed by decarboxylation gave 3.methyl-7H-furo [?,2-51
{1] benzopyran.7-one (62).

CHo
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Furocoumarin of fype (F) :

Natural furécoumarins are not mere metabolie
products of the l1living cell, but they possess varied and
of ten remarkable physiological activities, The role of
certain plant juices and extractiohs a8 dermal photosensitizing
agents has been known for ﬁany'years. Juices of various parts
of these plants, e.g. Parsley, Celery, Figs and Parshipzk,

after contact with the skin and eXposure to sun light cause

| changes on mammalian skin manifested by erytherma and
increased pigmentation. |

A study of the effect of structural altérnations
on the erythermal activity of furocoumarin'szu’28 indicates
that maximum photosensitizing activity lies in the parent
compound, psoralene and that the various structurally related
compounds have more or less reduced activity, depending on
the ring system and the nature of substituents. The presence
of a linear unreduced'furocoumarin rings system is required
for significant activity to be seen. A non.linear angular
structure exemplified in isopsoralene does not exhibit any
activity. Free phenolic groups inactivate the molecule,
Xanthotoxol (63), Bergaptol (64), but the methyl ethers of
the tWwo possible phenols are both active Xanthotoxin (65),
Bergapten (66) . However, the dimethyl ether, ISDpimpiﬁel;in
(67) is inactive. BEtherifying gfoups longer than methyl
fesult in progressive reduction of activity as the size of
the group increases. Nuclear substitution with methyl groups

can cause the loss of activity to be retained depending on
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the position of the group. Thus a methyl at the 4,4?,5% or
8-position, -~ may or may not inhibit the activity, but a
methyl group at the 3-position invariably does so. Little
success has been noted with the introduction of nitro,
amino or acetylamino group. The order of activity in psoralere
type compounds is as foliows te

Psoralene > 4,5’ ,8.trimethyl psoralene > 4.methyl-
psoralene > 57’,8.dimethyl psoralene > 8-methoxy psoralene >

S5-methoxy psoralene > 8.isoamylene oXy psoralene.

QH

63) (64)

(66
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Leucoderma is characterised by circumseribed
patches where the skin stops forming the pigment of the
skin., & cure for leucoderma has attracted attention since
ancient times. The seeds of PBsoralea Corylifolia is widely
used in Ayurvedic medicine. Psqralene was isolated as
active prineciples by Jois et alf6 Mukhar33927, has given

an excellent review of the chemistry, pharmacognosy and

therapeutic activity of the indigenous drugs used in leucoderma.

Most of them ﬁave a furocoumarin structure as an important
constituent. ‘

Xanthotoxin or 8-methoxy psoralne is a fish poison28
but isvis relatively ngn.toxic to mammabszg. Schonberg and
Latif3° observed that it possesses molluscidal activity. It
was demonstrated by Elwiat that it produces fatty degeneration
of liver and adrenal haemorrhage if it is administered in
layge doses to mammals, In the case of human beings the
compound has found medical acceptance for the treatment of
leucodermazg’szs The most recent applications have made use
of the fact that it alters the erythermal response to ultra.
violet light, a property which has besn used elinically to
prevent sun burn33. There is some evidence that xanthotoxin
under certain condition may be cgrcinogenic3u.

In an effort to determine the mechanism of the
photodyanamic effect of furocoumarins, Fowks and co-workers
have studied the effect of furocoumarins on bacteria, It
seems that furocoumarins kill bacteria cells. Pathak and

. 38
Fellamn  have studied the activating °. and fluorescent wave

3537



length of thirty seven furocoumarins and their blological
photosensitizing action was also investigated. Furocoumarins
which induced definite photosensitised grythermal‘reSpqnse
on mammalian skin showed activation peaks in the mgion of
34%0.380 m 3nd-concomitantly the fluorescent peaks in the
regibn of 420460 m « The inactive furocoumarins did not
show the Speeifié activating and fluorescent pe2ks. Recently
Musajo and co;workerssg’?o have observed that flavinmono-
nucleotide (FMN) will react only with the furocoumarins
that are photodynamically active and that the reaction
products appear to have been modified mainly 1n the furan
ring. Further, they have demonstrated that FMN in large
amounts acts against erytherma expected from the psoralene
type molecules, Three new coumarin derivatives have been
isolated in the bergapton photoreaction, namely, 7-hydroxy.
-5.methoxycoumarin-é-acetic acid, its methyl or ethyl ester
according to the presence of methyl or ethyl aleochol in

the 1rr;’diated solution, and probably 4?, 5’.dihydroxy.k’.
~0X0.5-methoxy furocoumarine |

Two subgtances have been obtalned by the photo
redction of FMN and psoralene im a water.methyl adcohol,
namely, the ﬁethyl ester of 7.hydroxycoumarin.-6.acetic acid
(a) and 6-formyl-7-hydroxycoumarin (b). No new compounds are
formed in the phpto reaction of FﬁN’and Xanthotoxin.
Inspite of these. findings, the precise mechanlsm

by which furocoumarins function in the treatment of leucoderma

is unknown.
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Rodighiero and coworkarsui found that psoralene
and Xanthotoxin significantly inhibited the growth of
tubercle bacilluse. The antifungal activity of furocoumarins
has been studied by Chakraborty and co..m:rls:ay:s“*2 who reported
that psoralene and imperatorin were the most effective
antifungal agent tested,

“ Two routes are available for the synthesis of
linear furocoumarins of psoralene type either (a) via
conversion of 6-hydroxycoumaran (68) or (b) through umbelli.
ferpﬁe (69)« Both of these can be obtained from resoreinol

as follbws L
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Bpath and Pailerks carried out the condensation
of 6.nydroxycoqmaran (68) with malic acid in the presence
of eone. sulphuric acid and obtained 2,3.dihydro psoralene
(70), which on dehydrogenation gave psoralene (71).

Later Horning and Reisner“& prepared different
S5-substituted 2,3,d1hydropso§alene derivative by .condensing
6-acetoxycoumaran with a variety of B-ketonic ester in the
presence of conc. sulphuric acid. Esse and Chistensen“S
héve extgndedhthisZQaction To obtained 6-alkyl-2,3-dihydro.5-
methyl psoralene (73) by condensing appropriate g-alkyl-B.
ketonic ester with é.acetoxycoumaran (72) « The main draw.back
in the method is that thg dehydrogenation & dihydro psoralene
derivatives with ﬁalladiséd charcoai gave poor ylelds of
psoralene derivatives. .

Foster et alx:6 synthesised psoralene by first
subjecting 6-hydroxycoumaran (68) to Gattermann aldehyde
synthesis and then condensing.the 6-hydr oxy -f.formyleoumarin
(73) with cyanoacetic acid followed by decarboxylation and
dehydrogenation.

The problem of furocoumarin synthesis from the
coumarin molety of the psoralene molecule has been
approached by Ray and his eo.WOrkersu7 who reported the
synthesis of W*.methyl psoralene starting with umbelliferone.
In the procedure they carried out eyclisation of 7-acetonyloxy-
coumarin (74%), obtained by tresting umbelliferone with

chloracetone in the presence of sodium.ethoxide to 4’_methyl
psoralene (75).
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Rodighiero and Antonello. synthesised xanthotoxin
(69) by first preparing 7.hydroxy.-8-methoxy-6-formylcoumarin
(76) and then treating it with ethyl bromoacetate followed

by hydrolysis and cyclisation.

~ Faymylation. . OHC ~
S Ho

HQ O O O O

OCH3 OCHB
Byc HQ COOCZHF
1 Hydvolysis
~ 4. Cyelisation OHC O
|
: H

O O O §G.00C HZ.CG O O

OCHB 0CH3
(65)

Limaye and G'—anga.lw synthesised 3’,‘11--dime thyl
pso'ralene from 7.hydroxy.é.acetyl-t.methylcoumarin using
the same procedure. The synthesis has bemn successfully
used for the preparation of a number of methyl substituted

J0
+ xanthotoxin
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Seshadri and co..workersis have successfully
obtained psoralene by the ozonolysis of 6.dimethyl.allyl-
-7-hydroxycoumarin (77) followed by c yelisation of the
aldehyde (78) formed with o.phosphoric acid,

They have also synthesised psoralene by subjecting
6-allyl.7.hydroxycounarin (79) to ozonolysis followed by ‘
the cyeclisation of acetaldéhyde coumarin with o-phosphoriec

acld.
Hac
13 \/C‘-:HC"HZC m ch:Hc Hzc m
('H3
' ’ Ho O HO O
O O
(795
1.0 . (77 103
V3 1 . N '
2. Hydvogena fion, ’ ‘ /2!—!3&1@3&“4*'0&-
OHCHZC ~
. Y
HQ O O
(7%

i ) ,

lo -Phospharic acid .
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‘The value of o.allylhydroxycoumarins in the
synthesis of furocoumarins has been stressed by Kaufmanﬁts.
Thus Claisen rearrangement of 7.allyloxycoumarin having the
reactive 8.position blocked by a methyl group or acetamido
'group, resulted in the expected 8-substituted-?.nydrox§-6-
allylcoumarin, which were readily coﬁverted by the
conventional procedure to 8.substituted psoralene derivat1Vessﬁ—53.
7-A11yloxy - ,8-dimethylcourd rin (80a) and 7.allyloxy-
-8.methylcounarin (80b) on Claisen rearrangement gave
7.hydroxy-6-a1ty1-4;B-dimethylcpumarin (81a) and 7.hydroxy.
~6-21lyl.8.methylcoumarin (81b) respectively. These were
then acetylated, bromiﬁated and eyclised to obtained #,5;8-
trimethyl psoralene (82a) and 5»,8-dimethy1 psoralene (82b).
Using the same procedure Kaufamann synthesised
4,5'-diméthyl psoralene.

8_Aming psoralene derivative is a valuable starting
material for the preparation of several derivatives of
psoralene having groups such as Cl, Br, Cn, N(CH3), etes in
8-position., Kaufamann and co;WQrkers53 synthesised psoralene
derivatives (83) having groups such as Ci, Br, CN, N(CHj3),
in 8.position using 8-amino psoralens as an ;ntermediate
product.

_ Parekh and '.1?:'1Ved:15’+ also synthesised 4,57,8-tri.
methyl psoralene. The cyclisation of 7-hydroxy.-6.-allyl.k,8-
dimethylcoumarin (84) by triturating it with cone. sulphuric
acid afforded 4,5%,8-trimethyl-4?,5'dihydro psoralene.(89),
which on dehydrogenation with palladised charcoal in diéhenyl



ether gave 4,5 ,8.trimethyl psoralene (86) in sbout 76 % i
yleld. ‘

¢ R
. M.}'C':HCHE
~ C iq“SG'ﬂ_ 3¢qmnﬂcpw NP N
N 0% - el Ao A
CHy » CHa
¢80 €8

ti) Acetylation:
iy Byomination.
(iii) Cyeclisation
@

R: cl, L’J-n; eN R

NCCHs)L’NH‘l ete. C83)
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~
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H3C O Q O
(35)
Pdie
Phy0

Goudou and Blanchegottess have condensed 6.hydroxy.

coumaran and phenyl diethyl malonic ester in diphenyl ether

and obtained 4’,5’.dihydro.4.-hydroxy-3-phenyl.-furo.2’,3’,6,7-

coumarin (87), which was then dehydrogenated with palladised

charcoal io'give 4_hydroxy.3.phenyl psoralene {(88).

56 :
Dholakia and Trivedi also synthesised 4.methoxy.

5’,8-dimethyl psoragene (95) and 4.hydr0xy-5’,8-dhnethy1

psoralene {96). 2,4-D1hydfoxy-3.methy1 acetophenone (89) was



F@ = mocaHs}d Fm 3

(87)

82) .

allylated with allyl bromide to 4.allyloxy.2-hydroxy-3.methyl
- acetophenone (90), Which was treated with pulverised sodium
and diethyl carbonate to give L.hydroxy.7.allyloxy-8.methyl.
coumarin ( 91). This coumarin (91) was methylated and the
methyl ether (92) was subjected to Claisen rearrangement by
refluxing it with diethylaniline to yield 4.methoxXy-6.allyl.
~7.hydroxy.8.methylcoumarin (93). Cyclisation of (93) by .
triturating it with conc. suiphuric acid gave H.méthoxy-S’;B_
dimethyl.4?,5.dihydro psoralene (9%), which on dehydrogenation
with palladised charecoal affordedtM_methoxy-S’,B-dimethyl
psoralene (95). It underwent demethylation to %.hydroxy.5?’,8.

dimethyl psoralene (96) When refluxed with conec. hydrochleric acid,

0
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) . Shaikh and SI?r:Wed.‘l.?7 pi'epared 4-hydroxy-4?,8.dimethyl.
psoralene (100a) and 4_hydroxy-3,8,l+’_trimethyl psoralene
(lbOb). l4-,%3..-D.’unoa'tnyl—‘7..nydz'o‘xy..6.aac:ylcoumarin (97) on
brommnation followed by hydrolysis with sodiumA carbonate
solution gave 3,7-dimethyl.6-hydroxy.5-acylcoumarone (98)
and 3,7.4 Methyl-é.hydroxy-S-acylcoumarone-z.carboxylic
acid (99). (98)When heated with pulverised sodium and ethyl
carbonate afforded (100a) and (100b) .«
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Esterification of (99) with dimethyl sulphate in
the presence of sodium bicarhonate and acetone followed
by reactdon with pulverksed sodium and disthyl carbonate
yielded (1012) and (101b) as follows :.

4

Hooc coc HacooC cocCHaR
| ek (cHa)g S0y . 3 I h
4
Hac OH Acetone Hac 6H
*N0 Kacoy )
™
Hy CH3
CL))

D.‘ c-H-," CQYhOﬂQ*’C‘

Na

They have also prepared 2,9-dimethyl-5.methoxy.-
6-phepy1—7-oxm-7ﬁ_furo(3,2.g)ben30pyran (102) and 2,9.
dimethyl-5.hydroxyfé.pheny1-7-oxo-7ﬁ-furo(3,2-g)ben20pyran
(103) using the procedure of Dholakia agd‘Trivedi76.
| By using the sgme proqedure they have synthesised
249-dimethyl.7-0x0-7H-.furo(3,2-g) benzo (e¢)benzopyran (104),

9.methy1-5,6-cyclohexeno-7.oxc-7ﬂ-furo(3,2.g)benzopyran (10%),



2,9-dimethyl-5 6-cyclopenteno-7-0xo-7H-furo(3,2-g)benzopyran

(106) and 9.methyl.5,6-cyclopenteno-7-0%o -?ﬁ ~furo(3,2-g)benzo-
pyran (107).

OCHy
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f_m%— Y CeHs
| ;
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’ CH% CHy
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~
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CH,
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Kaufmann and cOAWOrkerssa have developed a new
synthetic route to synthesise psoralene. Bromination of
ethyl(2.formyl.5-methoxyphenoxy)acetate gave the L.bromo
derivative (108) which was saponified and simullianeously
cyclised and decarboxylated to 5-bromo-6-methoxybenzofuran
(109. Lithium bromide interchange and then formylation and
demethylation gave 5.formyb-é.ﬁydroxybenzofuran (110) which
was condensed with diethyl malonate to furnish pé&ralene,

after hydrolysis and decarboxylation of the Knoevenagel

producte.
OHC - B By
? l
Hg ¢ CH . CH
5¢00c¢ Hacc ¢ 3 O OCHy
(108) (109)
v
I CHyCcooc, Hgly .
R. Mydvelysis.

, |
| A oH
O oo O
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Recently Pardanani and Trivedi59 have synthesised
psoralene and alkyl psoralenss using 2-bromo-resorcinol as
the starting material, Pechmamn condensadtion of 2-bromo.
rg@sorcinol with malic acid gave 7.hydroxy.8-bromocoumarin
(11)) which on allylation with allyl bromide afforded
7-allyloxy.8-bromocoumarin (112), This when refluxed with
dimethyl aniline in an inert atmosphere of nitrogen under.
went Claisen rearrangement to give 6.allyl.7-hydroxycoumarin
(113) « The structure of which was confirmed on the basis of
NMR and Infra.red spectra. Ozonolysis of (113) gave an
acetaldehydo derivative which when c¢yclised with o-phosphoric
acid gave psoralene (1l%a). (113) was also cyclised with
cone. Sulphurie acid to givaldihydro psorélene derivative
(119), which was dehydrogenated with palladised charcoal in
- diphenyl ether to furnish 2-methyl-7-o0xo.7H-furo(3,2-g)benzo.-
pyran (11l%b). Pechmann condensation of 2.bromo.resore inol
with ethylacetqacetate and ethyl benzoylacetate gave 7-
pydroxy-S-bromonk-methylcoumarin and 7.hydroxy-8-bromo-i.
phenylcoumarin respectively, when when subjected to the above
series of reactions gave (1lli4c), (11kd) and (1llke).

Theyéo have also synthesised psoralens derivatives
by a different method, Pechmann condensation of -2.methyl.-
re sorcinol with ethylbenzoyl acetate gave 7.hydroxy-8.
methyl-Y.phenyleoumarin (116) which on acylation followed
by Fries migratdon, gave'7,hydroxy-é-acyl-B.metnyo-4.phenyl-
coumarin (117). Condensation of (117) with ethyl bromo acetate,
followed by hydrolysis and cyclisation gave the corresponding



psoralene derivatives (118).
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From the above review, it sis evident that the
synthesis of furocoumarin of type (D), having no substituent
has not been reported still. It was therefore, thought of
interest to prepare (122) by route developed by Seshadri

and co-workers and to evaluate 1its psoralene-like photo.

sensitizing activity.
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Synthesis of 7H~furof3.2;£)[;] benzopyran-7-one (122) :

6-Bydroxycoumarin6i {119 6n allylation with allyl

bromide in the presence of potéssium.arbonate in dry acetons
afforded 6-allyloxycoumarin (120) which on refluxing with

dimethyl aniline in 2n atomosphere of nitrogen underwent
Claisen rearrangement to furnish’ . 5-allyl-é-hydroxycoumarin
(121)« Two ortho position are free for allyl migration. The
ﬁigrated compound was assigned as 5-allyl-6-hydroxycoumarin
structure. This structure was supported by its nuclear
. magnetic resonance spectrum.(Fig. 1), which showed the

following signals :

Chemical Coupling Bignals Assignments
Shift (J) constant

: J(Cps)
9.5 —— Singlet 1H, hydroxylic proton

‘ at position 6.
7.17 and 8 Doublet 2H, aromatic proton

7400 at H7 and H8.
6.35 10 Doublet oH, proton at H3 and Hi.
7495 10 Doublet 2H, proton at H3 and Hi,
6.1-5.7 . Multiplet  1H,=CH group
5.1 1 . Multiplet 2 ,=CH, group
4.82 1 Multiplet  2H,=CH, group

(Visible long range
coupling) .

3 C62 i - - Doublet ZH, «~CH 2-CH=



The two proton doublets at d 7,17 and d7.0
indicate that ‘the two aromatic protons at H7 and H8 are
reece to couple, If it were 7-allyl-6-hydroxycoumar1n (121},
NMR spectrum should have shown two singlets for proton at
H5 and H8 for that structure. ‘

6-Hydroxy-~5-allylcoumarin (121) was dissolved in
ethyl acetgte and vigorously shaken with osmium tetroxid962
in water, Working up the reaction mixture, the 5-formylmethyl-
~6-hydroxycoumarin was obtaine d, which after purification
by running it over alizmind was directly cyclised with
o-phosphoric acid to 7H.furo [3,é-f] [—1] benzopyran.7.one
(122) « The Infra.red spectrum of aldehyde shows the hand
at 1700~(a1dehyde >C=0 group) and a broad band at 3420 cm:}—
(aromatic hydroxy group)eFig. 2). The I.R. spectra of (122)
showed a strong band at 1740 cm.-- (1actony1 >C=0 group) and
at §90 cm. (furan ring) (Figs 3).

Synthesis of g,.@_ethyl.-ZH-furo {:‘1,2-&(;] benzopyran.7.

~one  (124) . 3

6-Hydroxy-5.-allyleoumarin (121) on trituration
with cone. sulphuric a¢id gave’ 2.methyl-2,3.dihydro-7H-furo
[3,2.1‘] [1] benzopyran-7.one (123), which was dehydrogenated
to 2.methyl-7H-furo [3,2..1‘] [1] benzopyran-7.one (124) by
refluxing (123) with diphenyl ether using palladiséd charcoal

as catalysi: .

1
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From the theoretical part review, it is also

evident that furo benzo.gwpyrone, particularly of type (F)

are of immense importance due to their valuable therapeﬁtic

properties and applicabilitys

The symthesis of linear furocoumarins is‘'not easy

becauss Whenever substitution reaction is ecarried ou§ on

benzofuran, 2.position being very reactive 1is 1nvériab1y

attacked, while in the case of umbelliferone, 8-position is
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attacked. It has been observed by Krishnaswamy and Seshadr163
that Claisen rearrangement of 7.allyloxy-coumarin ad 7-allyloxy-
-4-methylcoumarin gives exelusively 8.allyl isomer. It was
therefore, thogght of interest to study Claisen rearrangement
of 7-hydroxycoumarins in which B.position is blocked Wy a
3remo§able group like bromine, so. that migration takes place
to 6-position.
In continuation of work carried out by Pardanani
and '.1?rivedi.59 for the synthesis of psoralene derivatives
using 2.bromo.resorcinol as the starting material, the
ﬁresent work was undertaken as an extension for the synthesis
of severél other psoralene derivatives using the same 8tarting
material 2.bromo.resorcinol.
The following psoralene derivatives were synthesised :

l. 2-Methyl-5-phenyl-7H-furo [3,2-@][1] -benzopyran-7-one (129),
2. 9-Methyl.5H.-benzofuro [6,5-¢][1] benzopyran-5-one (134).
3. 9-Methyl.l,2,3,%-tetrahydro-5H.benzofuro [ 6,5-¢|[1]

benzopyran.j.one (137).
o B.Methyl_l,2,3,4-£etrahydro cyclopenta [cﬂ furo [3,2-%]

benzopyran.4.one (1lhi).

' Synthesis of 2.methyl.5_phenyl-7H-furo[3,2-¢|[1] benzo-

pyran.7-one §129). H

Pechmann condensation of 2.bromo-resorcin016“ with
ethyl benzoyl acetate in the presence of conc. sulphuric
acid‘as condensing agent gave 7.hydroxy-8-bromo.k_pﬁenyl-
coumarin (125), which on allylation with allyl bromide in



5,
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the presence ;f anhydrous potassium carbonate and dry acetone
afforded 7-§llyloxy-8.bromo.kfphenylcoumarin (1265. The I.7R.
spectrum of (126) showed a band at 1720 cm:i ’(1actony1>0=0
group) at 1270 cm:i (aromatic ether linkage) aﬁd at 940 cﬁt~
( =CH, group). (Flgure 4). 7-Allyloxy-8-bromo-tt-phenyl-
coumarin (126) was subjected to Claisen rearrangement by
refluxing it with dimethyl anilire in an inert atmosphers °F
nitrogen. It was observed that the product, which was
obtained after Claisen rearrangement was soluble in alkali
and did not shww tﬁé presence of bromine. The compound was
assigned the structure 6-ally1.7.hydroxy;%-phenylcoumarin
(lé?), on the basis of its NMR spectra (Fig. 5. The NMR

spectra of (127) (CDC13-Me,S0) are as follows :-

Chemical Coupling Singnals Assigrnments
Shift ( § ) constant
: J(Cps) \
10.15 o - Binglet 1H, hydroxylic proton at
‘ position 7.
7.5é - - Singlet DJH, Phenyl group at
position k.
742 - Singlet 1H, at position 5
648 - - Singlet 1H, at position 8
"6l - Singlet 1H, at position 3
5.9-5475 - Multiplet 1H, = CH group.
Selokte8- 1 Doublet 2H, = CH, éroup. >

3.35 - Doublet 2H, = CHCH, group.



The I.R. spectrum of (127) showed the sharp band
S Y
in the carbonyl region, viz., 1680 cm.- (lactonyl >C=0 group),
-1
broad band at 3500 cm.- (aromatic hydroxyl group)(Fig. 6).

7-Hydroxy-6-allyl.4-phenylcoumarin (127) on
trituration with cone. sulphuric acid gave z.izlethyl-S-phenyl..
2,3-dihydro.7H-furo [3,2-g][1] benzopyran.7-one (128), which
was dehydrogenated to 2-methyl-5-phenyl.-7H.furoc [3,2—g] [l]
benzopyran7-one (129) by refluxing (128) with diphenyl ether
and palladised charcoal, The I.R. spectrum of (129) showed
the band at 1710 cm‘:t (lactonyl »>C=0 group) and at 870 cm:&
(furan)' . (Fra.7) ‘ i
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Synthesis of 9.methy;-5H.ben;ofgro.[515.61 fi] benzopyran
=H-one (134)

Pechmann condensation of 2.bromo-resorcinol

with ethyl.2.o%o.-cycloheXane.carboxylate in the presence

of coﬁc. sulphurie acid gave Y.bromo-3-hydroxy.7,8,9,10-
tetrahydro-6H-dibengo [b,d] pyran—6-one (130). This on
alkylation with allyl bromide in fhe'pre;ence of anhydrous
potassium carbonate and dry acetone gave 3-§llyioxy.4,bromo-
7+849,10-tetrahydro-6H-dibenzo [b,d] pyran-6.one (131).
3.Allyloxy-4,bromo-7,8,9,10-tetrahydro-6H.dibenzo Ep,é]

" pyran-6.one on Clalsen rearrangement in the présence of
nitro atmosphere gave é.ally1;3_hydrozy,2;§,9,lG-tetrahydro-
6H¢diﬁenzo [b,é] pyran-6-one (132). The structure of (132).
was supported by 1ts NMR spectrum (CDCl3), which shows the

following signals (Fig.%) - 0
Chemicals Coupliﬁé Signals Assignments
shifts (4 ) constant )
ppi. . J (Cps) e .
1.7 . Singlet  4H(2 x 2H) at position
8 and 9.
342 - ° Triplet  2H, at position 7.
7.0 - Singlet 1H, aromatic proton at
‘ position 1.
7.2 - . . Singlet 18, aromatic proton at
position 4.-
540 9Hz Doublet - 2H,Ar.CH,CH=CH,
548 - Multiplet 1H, Ar-CH,CH=CH,
2.6 - Doublet  4H(2 x )5 2H, Ar-CH,GH=CH,.

" of cyclohexane at positiaq
| 10.
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~ The compOund (132), on ring closure with conc e
sulphuric acid gave §.methyl.l,2,3,%,9, 10.h§xahydro—5H,
benzofuro [6,5-@][&] benzopyran-5-one (133), which was
dehydrogenated by refluxing it in diphenyl ether and
palladised charcoal to 9-metnyl-5H—ben;ofuro [6,5-%] [i]
bengopyran-5-one (134).

S&nthesis of 9.methyl-1,2,3,4-tetraehydro-5H-benzofuro
r6,5,aé1f11 benzopyran.5-one (137)

) When the dshydrogenation of (133) was carried
out with palladised charcoia;~dehydrogenationlo? dihydro.
furan :ing as wellvas dehydrogenationcf cyclghexena ring
also took place simultaneously, hence the compound (137)
was prepared according to the Kaufmann s method3i, which
comprised of acetylation of 2-a11y1_3~hydroxy—7 8,9 10-
tefrahydro—éH,dibenzo [v,d] pyren.é-one (132) to 2-allyl.
-6-oxo-7,8,9,lontetrahydro-ﬁH-dibenzo [b,é] pyran-3-yl
acetate (135f,iaddition~o£ bromine to the allylic double
bond and subseqﬁent.ring closure‘ofﬁ2-(2’}3’-dibrom0propyl)_
~6-0%0-7,8,9,10-tetrahydro-6H-dibenzo [b,d] pyran-3-yl
acetate (136), with ethanolic potassium hydroxide.

Synthesis of 8.methyl.l;2 gsik-tgtragydro gyclopenta l— 01
furo [éAz-él (il_b?nzgpyranmh-one (14l

2-Bromo-resorcinol on similar condensation with
ethyl-2.0x0-¢cyclopentane-carboxylate, gave 6-bromo.7-
hydroxy.l,2,3,k-tetrahydrocyclopenta [q] [i] benzopyran.
-k_one (138), Wwhich on allylation with allyl bromide in

anhydrous potassium carbonate and dry acebtone afforded
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.7-8llyloxy.6-bromo-1,2,3,4-tetrahydrocyclopenta . [:c:l [l]
benzopyran-k.one ‘(139)1, which on Claisen migration afforded
8-allyl-7.hydro:§y_}.',2,3,%--tetrahydrocyc lopenta [c] [1] benzo-
pyran-l-one \(l%-é) « The NMR spectrum of (140) showed the
following signals which confirmfed the structure of (140)
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as 8.21lyl-7-hydroxy-1,2,3 4-tetrahydrocyclopenta [¢] [1]

benzopyran-4.one. (Aa.9)  ’

Chemicals Coupling Signals Assignments

Shifts ( {) constent ‘ :

ppM - T (Cps) »

2,2 THz Triplet 2H at position 1.

3ok 7Hz Triplet 2H at position 3.

648 - Singlet 1§ at position 9.(aromatic)

7.1 - *Singlet 1H at position 6.‘(aromatiq)

2.5-3.0 - Multiplet YH, 2H at position 2 and 2H
of allyl group at position 8,
Ar-CH ,-CH=CH,.

5.1 | 2Hz Doublet oH of allyl group at position

\ _ 8 ,Ar —CH »-CH=CH ,
547612 12Hz Multiplet 1H of allyl group at position

8 Ar.CH,-CH=CHj.

The compound (14%0) on ring closure ;vith.conc.
sulphuric acid gave 8_methyl-1,2,3,4,8,§_hexahydrocyclo-
penta [c] furo [3,2..g] [1] benzopyrant-one (14l). The
compound (141) did not undergo dehydrogenation with

palladised charcoal in diphenyl ether as it gave the original
compound back and henc@ the desired compound 8-methyl-1,2,3,4%-
tetrahydrocyclopenta [c] furo [:3,2-g] benzopyran.t-one (1hk)

* Was prepared according to the method of Kaufmamm « The
migrated compound (140) was acetylated with acetic anhydride
and sodium acetate 8-allyl-%-oX0-1,2,3,%-tetrahydrocyclop
penta [c] benzopyran.7-yl ace tate (142), \which showed two
band in I.R. spectrum, viz., 1760 ém:}. (acetoky gi‘oup,a‘t

—L . 3
position 7) and at 1710 cm.-{(l8ctonyl >C=0 group).(Fig.'10).
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The compound (141) on bromination with bromine in acetic acid
gave 8-(2',3’.dibromopropyl) -#.ox0.1,2,3,4-tetranydrocyclo.-
penta [c] benzopyran.7.yl acetate (143), which on ring
closure with ethanolic potassium hydroxide furnished 8-methyl-
1,2,3,k-tetranydroayclopenta Ec] furo [3,2,g] [1] benzo-
pyran-k.one (144%) . The I.R, spectrum of (1lil) showed the

sharp band at 1700 cm? (lactonyl >C=0 group) and at

860 cm.. (furan). (Fig.11). ’

1
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EXPERIMENTATL,

The'I.R. spectra were recorded on. Perkin.BElmer
457 granting spectrophotometer in nujo.

The U.V. speectra were recorded on Beclmann DU-2
spectrophotometer. |

The NMR spectra were recorded on Varian A-60
spectrophotometer using CDCly (Fig. ¢ ) and CICl; +
Me,80 (Fige\,s, 9 ) solvents with TS as internal stapdard.

Synthesis of 7H-furo[3,2:f| [1] benzopyren-7-ome (122) »

Allylation of 6.hydroxycoumarin s 6@-Allyloxycoumarin (120) :

6-Hydroxycoumarip was prepared according to
G.Bergillini and L. Monti6i.

Coumarin (ﬁ.? g.) was dissolved in sodium hydroxide
(5 ge3 50 ml.) by heating on Steam bath. The solution was
then cooled and potassium persulphate (7.5 g« in 150 ml. water)
- added gradually from a separated funnel during 3 hr. The
solution was mechanically stirrgd and the temperature was
not allowed to raise loo; After the addition was completed
reaction mixture was stirred>for half an hour .. more and
left overnight. Next day it was just acidified and gxtracted
with ether twice., The ether extract gave negligible quantity
of the starting material, Excess of hydrochloric acid (conc.
100 ml,) was then added to the aqueous layer and the mixture
was heated on steam bath for half an hour. The solid was
separated during heating was filtered. after cooling, the

solution, more product was obtained on extraction of the
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filtrate with ether. It was recrystallised from alcohol,
Mep o 250°.

A mixture of 6-hydroxycoumarin (2 g.), allyl

bromide (2 ml,) and anhydrous potassium carbonate (6 g.)
was refluxed in dry acetone (50 ml.) for 10 hr,., After the
evaporation of acetone, the residue was treated with
water, The compound was filtered, washed with dilute hydroxide
to remove unreacted produwt, dried and crystallised from
benzene.petroleum ether, m.p. 900‘ Yield 1.5 g
c, 71.58; Hy 483 ¢
requires 3 C, 71.284 H, 4.95 4.

Analysis

Ca2H1003
ER ) an . ”L

I.R.spectrum 1720 em..- (lactonyl >C=0 group), 1265 cme-

Tound

(aromatic ether linkage).

Claisen_rearrangement of 6.allyloxycoumarin g 6-Hydroxy-5.

allylcoumarian (121)

6.All§lOXycoumarin (1 g.) was refluxed with
dimethylaniline { é ml.) for 6 hr. in nitrogen atomosphere.
The reaction mi;ture was poured into cone. hydrochloric
acid (100 ml.) containing pieces of ice. The prodwt was
filtered and treated with sodium hydroxide solution,
acidified and filtered. The produet was dried and purified
by passing ite chloroform solution over a short columm of
alumina. It crystallised from chloroform, m.p. 172 s Yield

058 g

.

Analysis : Pound : C, 71.19 ; H, 4,80 %
C;2H1,003 requires H C, 71.28 5 H, 4.95 %s



7

-1 "
I.R.spectrun : 1680 cm.-- (Lactonyl >C=0 group) and at
3300 eme.- (aromatic hydroxy group).

7H.furo [3,2.f][1] benzopyran.7.ome (122)

4 solution of 6-hydrofy.5-allylcoumarin (0.5 g.)
in ethyl acetate was vigorously shaken with 50 mg. Osmium
tetrexide in water (100 ml.). Potassium periodate (2 g. in
100 m1, water) was added during the period of two hr, Ethyl

acetate layer was separated, dried and evaporated. The

residue was dissolved in benzene and passed over alumina.
Syaporation of solvent left a residue. This was treated
with o.phosphoric acid (5 ml.) é; a water bath for 1 1/2
hr. The contents were péured into ice waler. The product
extracted with ethyl acetate, washed with dilute sodium
hydroxide solution and finally purified by cﬁromatographing
over alumina. It erystsllised from benzene-petroleum ether,

0
m.p. 231 « Yield 0.2 g.

Analysis :+ Found : C, 71.k4% ; H, 3.67 2%
C11Hg03 Hy 3422 4.
- u-1
I.R.specturm : 1740 cme-- (lactonyl >C=0 group), and at

»e

requiress C, 70.98

e

-1
890 cm.-- (furan ring).

>§Methanol
maxXe
(log e 3.64){

éynthesis of 2.methyl.7H-furo [3.2-51[i] benzgopyran.7.
one (124)¢ : Cyeclisation of 6-hydroxy-5.allylcoumarin :

2.Methyl.2,3.dihydro.7H-furo [3,2-flll| benzopyran.7-one (123) =

6-Hydroxy.5-allyleoumarin (0.5 g.) was triturated

© 252 nm (log e 3.496) and 300 nm




With conce« sulphuric acid for 1 hr, at room temperature,.

The contents were poured into @rushed 1ice. The separated
product was filtered, washed with dilute sodium hydroxide
solution to remove original compound, and dried. It was
purified by passing the benzene solution of it over a short
column of alumina. The compound was crystallised from benzene-
pe troleum ether mixture, DD 104"« Yield 0.3 g.

Anelysis Found : C, 71.27

».

H, 4.84 ¢
requires : C, 71.28 ; H, 4%.95 4.
Deéx;fqgenat;gg_pf 2.methzl-2,3-dihzdr;-2§-furo |3,2-ﬁ]~[il
benzopyran.7-one 3 2-Methyl.7H-furo r3.g=£l[él_§gg§g=_
pyran-7.one (12% ) -

A mixture of 2.methyl-2,3.dihydro-7H-furo[3,2-f] [1]
benzopyran-7-one (0.5 g.), palladised charcosl (0.3 g.} 10 %)

L 1)

*e

C1 28, 403

and diphenyl ether (5 ml.,) was refluxed for 20 hr. The
reaction mixture was filtered hot., The product separated on
cooling, which was filtéred and crystallised from diphenyl
ether, m.p. 161°. Yield 0.3 g.

Analysis : Found s C, 71.58 ; H, 3.84 ¢

Cy 2HgO3 : Pequires :+ C, 72,00 ; H, %.00 %,
N ~Methanol
318 nm {(log e 4.20),

naXe

Synthesis of 2.methyl.S-phenyl.7H-furo E},E-éi [1! benzo.

pyran-7-.one (129) : Pechmann condensation of 2.bromo.resorcinol

with ethyl benzoyl acetate : 8.Bromo.7.hydroxy.4.phenylcoumarin
(129)

2.Bromo.resorcinol was preéared according to Davi




and Havvington“\as follows s

Liquid bromine (100 g.: 3 mole) was added dropwise
constant stirring to a solution of resoreinol (22 g+) in
_water (500 ml.) kept in freezing mixture. The mixture was
further stirred for 15 minutes after ?:he addition of bromine
was complete. The separated tribromb-résorcinol was filtered.
and washed with water, The .crude product was stirred
vigorously with a saturated solution of sodium sulphite (125 g.)
'for 1 hr. The solution after cooling was acidified with cone.
hydrochloric acid and exttracted with ether. Evaporation of
ether gave a liquid, which was warmed with chloroform,. The
chloroform layer was decanted to which petroleum éther was
added. On cooling, 2.bromo.resorcinol separated out, which
was filtered and washed with chloroform. Hecrystallisation
from chloroform gave pure 2-bromo.resorcinol, m.p: 101°%
Yield 3.5 g. -

The the ice cold mixture of 2.bromo.resoreinol
'(5 g+) and ethyl benzoyl acetate (5 g.), cold conc. sulphurie
acid (80 %3 49 ml.) was added with constant stirring. The
reaetit"ih mixture was kept at room temperature for 2+ hr. It
was poured into crushed ices Thé seﬁarated prodﬁot vas
filtered and washed with water. It crystallised from alcohol,
" mepe 267°. Yield 4.5 g. o
Analysis : Found : C, 56.50 ; H, 2.80; Br, 25.40.g
C,, 5HgD3Br

requires : C, 56.70 ; H, 2.80; Br, 25.20 4.
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Allylation of 7.hydroxy.-8.bromo-l.phenyleoumarin : 7-AXlyloxy-
-8-bromo_4-phenylcoumarin . (126) :

A mixture of ﬁ.hydroxy-8.bromo.u.pheny1éoumarin
(5 g.), allyl bromine (2 g.) and anhydrous potassium
carbonate (10 g.) was boiled under reflux for 8 hr. in dry
acetone (260 ﬁl.) on a water bath. After the evaporation
of acetone, the residue was treated with water and the
compound was filtered, washed with dilute S@dium hydroxide
solution to reméve un;eacted compound. After drying, the
compound was cerystaliised from benzene, m.p; 1380. yield
3¢5 2o
Analysis

«n
]

. Found s Cy 60,305 Hy 3.605 Br, 22.10 4
requires : G, 60.50; H, 3.60; Br, 22.40 %o
1720 cm:1 (lactonyl.>c-0 group) at 1270 cq.i

(aromatic ether linkage) and at 940 cm.» (-GHQ group) «

L 1]
.

C; SHL 303}3!'

e

I.R. bpectnum

Claisen rearrangement of 7-a;_yloxx-8-bromo_&_ghenylcoumarin e

é.Al;y1—7.hydroxg.k—gg pyleoumarin (127)
7.Allyloxy_8-bromo_#-phenyicoumarin (é g.) was

refluxed with dimethyl aniline (15 ml.) for 6 hr. under

nitrogen. The reaction mixture was cooled and poured into
ice-cold hydrochloric acid. The separated product was
filtered and treated with dilute sodium hydroxide solution.
The solution was filtered end the filteate was acidified
with hydrochloric a&id. The separated'produﬁt was filtered
and crystallised from methanol, m.p. 222°. Yield 1 g.

The product did not show the presence of bromine
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in Lassaigne’s test and no green flame observed when the
compound was heated on'OOppé; foil. _
Analysis : Found :C, 77.60 ; H, 4,60 %
018H3¥Q3 : requires : C, 77.70 3 Hy 5.00 Z%.

I R Spectrum s 1680 cm:i (lactonyl >C=0 group), a

A . .
broad band at 3500 cm.+ (aromatic hydroxy group).
Cyclisation of 6-a2l1yl-7.hydroxy.lt.phenylcoumarin : 2.Methyl-

~5-phenyl.2,3.dihydro_7H _furo 2-él [1] benzopyran-7=
one (128)

6-A11yl.7-hydroxy-4-phenylcoumarin (1 g.) was
triturated with cone. sulphuric acid (6 ml.) for 20 minutes.
The contents were poured into crushed ice. The separated
product was filtered, washed with dilute sodium hydroxide
solution to remove uncyclised compound and dried. It
crystallised from benzene, m.p. 1720. Yield 0.7 8.
Analysis> : Found : C, 77.60 5 H, 4.60 4

cx331u03 : requires : C, 77.70 3 H, 5.00 %.

I. R Spectrum s 1700 cm:t (lactonyl >C=0 group).
Dehydrogenat lon of 2.methzl-iupnegxlfz,}-ﬁihzdrc_zg_furo
fs.z-é]fi] benzopyran.7.opne : 2-Methyl-S5-phenyl.7H_furo
[},Q,QW [1] benzopyran-7-one T (129 ) s

A mixture of 2.methy1-5-pheny1-?H_a,3-d1hydrofuro
[3 Z.é}[i] benzopyran.7.one (0.5 g.), palladised charcosal
(0.3 g+3 10 ) and diphenyl ether (6 ml.) was refluxed for
24 hr, The resction mixture was filtered hot and diphenyl
ether was removed by steam distillation. The separated product

was filtered, dried and purified by passing its solution in
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benzene through alumina. It cryst2llised from benzene-petroleum
ether mixture, m.ps 179 « Yield 0.3 g.

Analysis : Found : C, 78430 j H, %.30 %

Cy gHy 203 requires 3 C, 78.30 3 H, %.30 %

I:E."Speetrum : 1710 cmji (1acfonyl >C=0 group) and at

870 cm:i (furan), . ‘ “

)\ Chloroform 25% nm (log e, k.2h), 330 nm (log e,

mMaX e
3.99).
Symthesis of 2 thyl.bH_benzofuro |6,§, ] benZOeran-

=3-one g134) ¢+ Pephmann condensation of 2—bromo-resorcinol
with ethyl cyclohexanone.2.caBboxylate ; 4;BromQ:;-nx§roxy-

718,9,10-tetrahydro.6H-dlbenzo (5,5] pyrén.6.one (130) :

%

To the ice cold mixture of 2.bromo-resorcinol

(5 g.) and ethyl cyelohexanone-2-carboxy1ate (4.5 ml.}, cold

conc. sulphuric acid (45 ml ; 80 %) was added with constant
stirring. The reastion mixtu:e'was,kept at room temperaturé
for 2+ hr. It was poured into crushed ice. The separated
product was filtered and washed with water., It crystallised
from alcoholy mep. 260° (decomp )+ Yield 4.5 Ee

Analysig : Found § C, 52.59;H, 4.005Br, 27.30 g.
C;3H113r03 requires s C, 52.80,H 3.703Br, 27.10 Ze
Allylation of #-bromo-J-hydroxy-7 8, 2s10-tetrahydro ¢H.
dibenzo f% d] pyran-é-one : 3-Allyloxy_4.bromo.7,8,9,10
tetrahyiro.6H-dibenzo [% dl_ggran-é_one (131) s

A mixture of k.bromo_3.hydroxy-7,8,9,10-tetra-

3

hydro.6H-dibenzo [b,é] pyran-$.one {5 g+), allyl bromide (2 g.)
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and ‘anhydrous potassium carbonate (10 g.) was refiuxed in
dry acetone (200 ml,) on a water bath for 10 hr, The reaction
mixture was worked up as before. The product crystallised
from benzene, m.pe 183°. Yield 3.5 g..
Analysis : Found 3 C, 57.00; H, 4.40; Br, 23,50 %
CieHy 5§r03 requires : C, 57.30; H, 4.405 Br, 23.80 #.
T.R. spectrum 1710 cm. (lactonyl >C=0'group) and at
1280 em:x (aromatic ether linkage). "

+

Claisen rearrangement of 3.allyloxy-k-bromo-7,8,9,10-tetra-

hydro.6H-dibenzo rb ,d] gyran-é—one t2-A11yl=-3-hydroxy.

738,9,10-tetrahydro-6H.dibenzo [b,d] pyran-6-one (132)

3-Allyloxy -4.bromo.7,8,9,10 -tetrahydro -éH;dibenzo
[0,d] pyren-6-ome (2 g4y was refluxed with dimethyl aniline
(15 m1,) for 6 hr. under nitrogen, The reaction mixture was
worked up as before. The product crystallised from benzene,
Depe 166°s Yield 1.2 g.
Analysis : Found ¢ C, 75.00; H, 6.00 ¢
requires 3 C, 75.005 H, 6.20 4.
I'.R..Spectrum t 1660 cm":i (laq-topyl >C=0 group) and a

-

CieHi 03

v - 1
broad band at 3500 cm.: (aromatie hydroxy group).
Cyclisation of 2.allyl.3-hydroxy 7:8,9,10-tetrahydro-6H.-

SH.benzofuro ré_,_z.‘,cw f;_l.] bengopyran.j.-one (133) :
2.A11y1-3-hydgoxy-},2,3 ,*~tetrahydro-6H-d ibenzo
Ea,d] pyran-é-one (1 g.) was triturated with conc. sulphurie

acid (6 ml.) for 20 minutes. The reaction mixture was worked
up as usual, The product crystallised from benzene-petroleum
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ether mixture, m.p. 137 . Yield 0.8 g.

Analysis : Found : Cy 74.80 5 Hy 2.90 2%.
036H3g03 H requires : G, 75.80 H H, 6.20 %o
’ -3
I.R. spectrum : 1695 em.- (lactonyl >C=0 group).
Methanol ' .
)\ nax 242 nm (log e H4.27), 248 nm (log e 4.02),

254 nm (log e 4.57), 260 nm (log e 4.50), 268 nm (log e 4.27),
278 nm (log e 4,21) and at 330 nm (log e 4.30). ‘
Dehydfogenation of 9.methyl-1,2,3,%,9,10-hexahydro-5H-benzo-

furo ‘Q,ﬁ-c!]ll benzopyran.j-one_ nggggi;:ﬁgzggggggggg,
fb.ﬁ,c1 (;] benzopyran-S-one_ (13%) 3 -

A mixture of 9-methyl-1,2,3,4,9,10-hexahydro-5H-
benzofurO'[é,ﬁ-é] [i]benzoPyran-5-one (0.5 g.), palladised
charcoal (0.3 g.; 10 %) and diphenyl ether (6 ml.) was

refluxed for 24 hr. The reaction mixture was worked up as

\

usual, The product crystallised from benzene, m.p. 1760.
Yield 0.35 g.
Analysis : Found C, 77.203 H, 3.80 4.

Ci ¢l 03 "3 requires ; C, 76.80; H, 4.00 4.

. -3k
I.R. spectrum 1705 em. (lactonyl >C=0 group) and

at 880 em. (furan).
Methanol
A na.

-

276 tm (log & 3.88) and 330 mm (log e
4.00). -

Synthesis of 9-methyl-l.Z,Q,h-tetrahydro-EH.benzofurofé,5!&

ji] benzopyran.-5-one (137) : Acetylation of 2-allyl-3-

hy droxy-7,8,9,10-tetrahydro-6H-dibenzo [b,d] pyran-6-one :

2-Allyl-6-oxo-7;8,9,10-tetrahydro-6H-dibenzo(5,é} pyran.




3_yl-acetate (135)

A mixture of 2-allyl-3-hydroxy-7,8,9,10-tetrahydro-
6H..dibenzo 5,d pyran-6.one (1 g.), acetic anhydride (8 ml.)
and fused sodium acetate (1.5 g.) was heated under reflux
for‘ﬁ hr. The reaction mixture was poured into crushed ice.
The compound which seperated on standing was filtered and
erystallised from alcohol, m.p. 138°. Yleld 0.9 g.

Analysis

(1]

Found s C, 72.603 H, 6.00 ¢

CigHi g0y : requires : C, 72.50¢ H, 6.00 4.
I:R.;pqctrum s 1760 cm:i (acetoxy group at position 7)
and at 1710 'cm?- (lactonyl “>G=0 group) «

Bromination of 2-511y1-6-0x0-7,8,9,1Q-tetrahydro-6H-dibenzo

[b,é} pyran-3.yl acetate : 2-(2{;§’-dibroﬁgpropyl)-é-oxo-

*

7+8,9,10-tetrahydro.6H~dibenzo fb,d] pyran.3.yl acetate (136)‘

A solution of bromine (1.6 ge; 0.0l m) in acetic
acid (25 ml.) was added'dropwise‘to a well stirred solution
of 2-élly1-6-OXOm7;8,9,lo-tetrahydro-6H-dibenzo [B,QJ pyren-6.
one (2;9 g+5 0.0l m) in acetic acid (25 ml.) during a period
" of 1 hr. After being stirred for a further 1 hr., the solution
vas diluted with ice cold water and allowed to stand. The
, separated product was collected, dried, dissolved in benzene
and passed ower alumina. Evaporation of solvent left a residue,
which crystallised from benzens, m.p. 220°« ¥ield 3.0 ge
Analysis : Found- ; C, 47.00; H, 34605 Br, 35.10 ¢

18Bra0y & requires 3 C, 47.10; H, 3.90; Br, 34.90 7.

as

CigH



o
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Cyclisation of 2.(2’,3'.dibromopropyly-6-0x0-7,8,9,10-tetra-
hydro.6H-dibenzo rh3é1 pyran.3yl acetate : 9-Methyl-1,2,3.4-

tetrahydro.5H-benzofuro r6,5.51[;] benzopyran.5-one (137)

A solution of 2-(2’,3’-dibram0pr0pyl)-6-oxo-7,8,9,10-
tetrahydro.6H..dibenzo [b,i] pyran.-3.yl acetate (2g.) in
ethanolic potassium hydroxide (2.5 g. In %5 ml. absolute
alcohol), was heated under reflux for 4 hr, and then concentrated ~
to one-third of its volume. Water (50 mi.) was added and, the
solution was immediately acidified:with dilute hydrochloric
acid and extracted with ether. Evaporation of ether gave a
light red product which was washed with aqueous ammonis (10 %)
and then with water. It crystallised from aleohol, m.p. 184,
Yield 0.6 g.

Analysis : Found 3 C, 75.50 3 H, 5250 e
CigHanO3 : requires : C, 75.60 3 H, 5.50 %.

se

-3
I.R. spectrum ; 1700 cm.- (lactonyl >C=0 group) and

-i
at 860 am,-- (furan).

)\ Methanol 248 nm (log e 445), 290 nm (log e 3.98),,
moXe ’

330 om (log e 3.98).
Synthesis of 8.methyl.1,2,3,4 tetranydrocyelopenta [c] furo

[3,2-é] [i] benzopyran.t.one (144) : Pechmann condensation

of 2-bromo-résorcinol with ethyl.cyclopentanone.2~.carboxylate

*

6-Bromo.7-hydroxy.1,2,3,4-tetrahydrocyclopenta fhifi] benzo.
pyran.it-one (138) .

To the ice cold mixture of 2.bromo-resoreinol (5 g4)

and ethyl cyelopentanone-2-carboxylate (.3 g.), cold conc.



sulphuric acid (45 ml.; 80 2) was added. The reaction mixture
was kept at room temperature for 24 hr. and was worked up

as usual, The product crystallised from&alcohol, MeDPe 2840
(decomp.)s Yield 4.5 g ;

Ané.lysis ¢ Found ¢ C, 51.30; H, 3.00; Br, 28.80 ¢
Cy A gBro; requires ¢ C, 51.205 H, 3.205 Br, 28.50 Z.
A-]:lzlation of 6.bromo.7-hydroxy-1,2,3.4%-tetrahydrocyclopenta

J— c—! rﬂ benzopyran-l.one : Z-Allyloxy-6-bromo.1,2,3,k-tetra-
hydrocyclopenta {‘ e-l r ;.] benzopyran.t-one (139)

A mixture of 6-bromo-?.hydromr;l,2,3,4..tetrahydro-
cyclopenta [c] [1] benzopyran-lt.one (5 g.), allyl bromide
(2 g.) and anhydrous potassium carbénate (10 g.) was
refluxed in dry acetone (2;30 ml.,) for 6 hre in a water
bath. The reaction mixture was worked up as usuale The
product crystalli;ed from benzene, m.p. 1590. Yie\ld 3¢5 8o
Analysis : Found : C, 56.505 Hy 44105 Br, 24,50 <.
‘01,51{;3Br03 : requires # C, 56.10; H, 4%.00; Br, 24+.90 7;‘,;
I..‘R.Ps“pectrum 3 1710 cm?- (lactonyl >C=0 group) and at
»1296 cm:'t (aromatic ether iinkage o) '

Claisen rearrangement of 7.allyloxy-6-bromo.l,2.3.4-tetra.

hydrocyclopenta rf:_l r }J benzopyran.lt-one : 8-Allyl.-7-hydroxy-
1,2,3 . k-tetranydrocyclopenta f c_l f ;ﬂ benzopyran-i-one (140)

7.Allyloxy.;6..br omo.l,2,3,k-tetrahydrocyclopenta

[c] [1] benzopyran.t.one (2 g.) was refluxed with dimethyl.
aniline (15 m1.,) for 6 hr. in an inert atmosphere of nitrogen.

The reaction mixture was worked up as usual. The product



erystallised from“alcohol, Mapo 1840. Tield 1.3 ge

Analysis : Found 3 C, 74.50; Hy 5.70 %

(1]

035}{1403 requiresa C’ 7"“4)+O§ H, 5*80 %t

I.Respectrum

L 1)

)
1700 em.- (lactonyl >C=0 group) and
a broad band at 344D cm.-- (8romatic hydroxy group).

Cyelisation of 8-allyl.7.-hydroxy.l,2.3.%-tetranydrocyclo.
penta rcl_fil benzopyren.tt.one : 8-Methyl.l,2.3.%.,8.9.
hexahydrocycloggg§§“£§1,£g£90£3§g.gl[i} benzopyran.t.one (141) 3

BAMﬂmemwdgﬁﬁm%mm&wmmmMaﬁ]

[i] benzopyran-k-one (1 g.) was triturated with comcs
sulphuric aeid (6 ml.) for 2 hr. and the reaction mixturs
was worked up as before. The product crystallised from

benzene-petroleum ether, m.p. 155°« Yield ' 0.6 g

Analysis : Found : C, 7420 5 Hy 5.90 %

CusHiwO3 @ requires : G, 7440 ;3 H, 5.80 4.

I.R. spectrum : 1710 cm.-- (lactonyl >C=0 group).

>\Methanol
max.

4.95), 3)"0 m.(log e l"'023)-

256 (1og e 4.95), 280 nm (log e

Acetylation of 8-21lyl.7-hydroxy-1,2.3 Mk -tetrahydrocyclo-

penta fcl,benzggyran-k-qgg : 8-Allyl-tooxo-1,2.3 k-tetra_
hydroeyclopenta [g] benzopyran.7-yl_acetate (142)

A ‘mixture of 8.2llyl-7-hydroxy-1,2,3,4-tetra.
hydrocyclopenta ‘[ﬁ] benzopyran-i-one (1 g.), acetic
anhydride (8 ml.) and fused sodium acetate (1.5 g.) was

heated undér reflux for 5 hr. The reaction mixture was



co
<=

worked up as usual, The product crystallised from alcohol,
mep. 158°, Yield 0.9 g.
Analysis  : Found 3 C, 71.805 Hy 5.60 .

ACL7H160n : requires : C, 71.80; H, 5.60 %.
I. R.Spectrum

Ll

-3

1760 cm..- (acetoxy group at position 7)
-y .

and at 1710 cme-- (lactonyl >C=0.Agroup).»

Bromination of 8.allyl. -oxo-l 2.3 . 4-tetrahydrocyclopenta
[gl benzopyran.7.yl acetate : 8z2(21,3’-dibromopropyl)s=tt-
-020—1,2,3,M-tetrahydrocyclopenﬁaAfc] benzopyran.7-yl

acetate (143)

/" A solution of bromine (1.6 g5 0.01 M) in acetic
acid (25 mi.) was added dropwise‘to a weli stirred solution
of 8.21lyl-%.o0x0-1,2,3,k4 tetrahydrocyclopenta [c] benzopyran-
7-y1 aceiate (2.8 ge; 0.01 M) in acetle écid (29 ml.) during
a period of 1 hr. The re2ction mixture was worked up as

0
usuale. The product crystallised from benzene, Mepe 203 o
Y¥idld 3.0 g.
Analysis

-

Found : C, 45.70; H, 3.%0; Br, 35.90 7.
C;,?H;eBrzo.,, ¢ requires: C, 45.90; H, 3.60; Br, 36.00 %.

Cyclisation of 8- (2’,3,-dib opropyl) -4-o0xo0.1,2.3, 4-tetra.

hydrocyelopenta fé] benzogyran-z =yl acetate : 8.Methyl.

=1,2,3 J4-tetrahydrocyclopenta_ lcl furo ]3, glill benzo.

pyran-i-one (14%9 :

A solution of 8-(2’,3‘-dibromoprqpy1)-%-oxb-
1,2,3,4-tetrahydrocyclopenta ’[c] benzopyran.7.yl acetate
(2 g.) in ethanolic potassium hydroxide (2.5 g. in 75 ml.

ébsolute alcohol) was heated under reflux for 4 hr. The



reaction mixture was worked up as before. The product
purified by passing its chloroform solution over a short

o)
column of alumina. It crystallised from aleohol, m.ps 202 .

Yield 0.5 ge
Analysis : Found : C, 79.30;5 H, 5.10 %.
CysHz 203 : requires: C, 75.003 H, 5.00 Z.

-1
I.Respectrum 1700 ecm.» (lactonyl >C=0 group) and

-1
at 860 cm..- (furan).

/x Methanonl

Az 248 nm (log e 4.40), 296 nm (log

e 4.95), 33% nm. (log e h4.94).



1.

2.

3.

De
6o

7e

8e
8.

lo.
11.
12,
13.
1k,
15.

16,

(=
[

REFERENCES,

Y.A.Ghaikh and K.N.Trivedi, Current Science, 38,
No. 17, %09 (1969). "

Boyd and Robertson, J.Chem.Soc., 174 (1948).
V.N.Dholakia and K.N.Trivedi, J.Ind.Chem.Soc., 43,
804 (1966) . ’

“VXN.Daolakia, Ph.D.Thesis, Univ. of Baroda, India,

1970.

D.B.Limaye and N.R.Sathe, Rasayanem, 1, 87 (1937).
H.A.Shah and R.C.Shah, J.Ind.Chem.Soc., 17, 41 (1940).
M.C.Chudgar and M.M.Shah, J.Univ. of Bombay., 13, pt.
111, p. 14 (19%4) ; Cl.A., 39, 4065 (1945).

V.S.5alvi, Ph.D. Thesis, Univ. of Baroda, India (1967).
K.N.Trivedi and S.Sethna., J.Ind.Chem.Soc., 43,

804 (1966) .

K.D.Keufmann et _al., J.Org.Chem., 27 2567 (1962).

E. Spath and M.Pailer., Ber., 68 B, 940 (1935).
R.M.Naik and V.M.Thakor, J.Org.Chem., 22, 1696 (1957).
D.N.Shah and N.M.Shah., J.Org.Chem., 19, 1938 (1954).
D.B.Limaye, Rasayanam., 1, I(1936)3 C.A., 31, 2206 (1937).
R.Aneja, S.K.Mukherjee and T.R.Seshadri., Tetrahydron.,
1, 256 (1958). \

K.D.Kaufmann and W.E.Rusgey., J. Org. Chem., 27,

670 (1962), |



17.

18.

19.

20,

22,

23.
o4

25,
26,
27.
28,
29¢
30.

31.
32,

$2

Re.d.Mehta and 8.8ethmd., J.Ind.Chem.Soce, 40, 384 (1963).
K.D.Kaufmenn, J.0rgi.Chem., 26, 117 (1961).
0.Dischendorfer and W.Limonstaghew.hMonatsh., 80,

58 (1949) and 81, 737 (1950); C.A., 43, 7016 g,(1949).
L.Musajo, G.Rodighiero, G.Caporaie and C.Antonello,
Farmaco (Pavia) Ed. Sci., 13, 355 (1958).

M.P.Hegarty and F.N.Lahey., Aust.J.Chemi., 9, 120 (1956).
K.D.Xaufmann, R.C.Kelly, D.D.Eaton., J. Org. Chem.,

32, 50k (1967). \

V.S. Salvi Ph.D.The sis .,’ Unive : of Baroda . India (1967).

.L,Musa;o and G. Rodi.ghiero., m:\:per:.mentia., 18, 153

(1962) ’
M.A JPathak, J.H.Fellmamn, K.D.Kaufmann., J.Invest.
Dermatol., 32, 165 (1960).
Jois H.S., Manjunath B.L. and Venkata Rao., J.Inde
Chem.Soc., 10, § 41 (1933).
B.Mukarji., J.Sci Ind."ies., 15 4, 1 (1956).
E.Spath and F. Kuefner., Monatsh., -2, 75 (1936).
A.K.Sen., J.Sei.Ind.Res. (India)., 22, 88 (1963).
A.Schonberg and N.Latif., J «Am Chem.Soc., ,‘Z_@, 6208
(195%) «- ) | .
A.MEWWi, J.Roy, Bgypt Med.Assoc., 33, 773 (1950).
I.R.Fahmy and H A.Abu_Shady., Quart I Pharm. and
Pharmacol., 2, 499 (19’-1-8).



33
3k,

35.
36.

37.
38.
39.

40.

41,

42,

43,
W,

L5,

Chw
S

A B.Lerner, J.Invest.Dermatol., 20, 299 (1993).

AL Griffin, M.A.O'neal and T,B.Fitzpatriék,' Congress
of Inter Bio-Chem., Brussels, 121 (1955); C.A., 50,
13263 (1956). \ . :

B.L.0ginsky, G.S.Green, D,G.Griffith and W.L.Fowlks.,
J«Bact., 78, 821 (1959).

W.L.Fowlks, D.G.Grif fith ‘and E.L.Oginsky., Nature.,
181,571 (1958).

W.L.Fowlks, JeInvest.Dermatol., 32, 233 (1959).

M.A .Pathak and J.H,Fellman., Nature, 185, 382 (1960).
L.Musajo., Int .Synpolsium on Pharmaceutical Chemistry,
F}orence, Italy:, 17-19 Sept. (1962)° in the Official

Journal of Int. Union of Pure and Appl.Chemistry.,

‘Butterworths, London., P. 369 (1963).

L+ Musajo and G. Rodighiero., Nature., 190., 1109
(1961) . »

G.Rodighiero, B.Perissinotto/ and G.Caporale., Alti.
1st. Veneto Sci. lettere Arti Classe #ei.Mat.Nat,
1, 1 (1955-56)3 CeA., 51, 10736, (1957).
D.P.Ghaiiraboxjty, A.D;Gupta and,P.K.?ose., Ann.Biochem.
Exp. Medi (Calcutta)., 17, 59 (1957); C.A., 52,
1352 (1958) ) ‘

E. Spath and M, Pailer., Ber., 67, 1212 (1934).
E.C.Hérning and D.B.Reisper., J.am.Chem.Soc., 70,
3619 (1948). 4

R.E.E8Se and B.E.Christensen., J.0rg.Chem,25, 1565
(1960) .



Lbe

L7,

48.

49@

50.

51,

52

23

54,

55

56.

$57Q

58,

R.T+Foster, A.Robertson, and A.Bushra., J.Chem.Soc.,
225% (1948).

J M.Ray, S.C.Silooja and V.R.Vaide, J.Chem.Soc.,

812 (193%).

G.Rodighieré and C.inténello., Ann.Chim.(Rome) .,

46, 960 (1956)3 Ceha, 51, 6616 (1957)s

D.B.Lima;;re and D.D.Géngal., Rasayanam., 1, 15 §1936);
Cuhey 31, 2207 (1937). ‘
C.Antonello Gazz-Chim., Italy., 88, 415 (1958)3 C.A.,
53, 20046 (1959). |
K.D.Kaufmann, F.Y.Gaiser, T.D.Leth and L.R.Worden.,
J.Org.Chem., 26, 2443 (1961) “.

K.D.Kaufmann and L.R.Worden., J.Org.Chem., 26, 4721
(1961).

K.D.Xaufmann, W.E.Russey and L.R.Worden., J.Org.Chep.,
27, 875 (1962). |
M;G.Parem and K&N,.Irivedi., Current Science., 39,
349 (1970) . _

Andre Vialavd Goudou and N. Blanchecotte., Compt.rend.
Ber. C. 263(3), 255-8 (1966); C.A., 63, 16953 (1966).
V.N.Dholakia and K.N.Irivedi., J.Ind.Chem.Soc., 47,
1058 (1970).

Y.A.Shaikh and K.N.I'rivedi., Ph.D. Thesis., Univ. of
Baroda., India., 1971. ‘ .
K.D.Kaufmann and Co-workers., J.Org.Chem., 34, 2311
(1969) « *



59

604

61

62.

63,

6kt

el
51

(Miss) N.H.Pardenani and K.N.Trivedi., Aust.J.Chem.,
22, 1537-%2 (1972).

(Miss) W.H.Pardenani, M.G.Parekh apnd K.N.Trivedi.,
J.Ind.Chem.Soc., 46, 101k (1969).

GeBergillini and L. Montil;, Gazzetta., 45, 90-8
(1915); C.hey 9, 2239 (1915).

S.K.Mukarjee, M.N.Rao and T .R.Seshadri., Indian J.
Chem., 6, 1 (1968).

BeKrishnaswamy and T.R.Seshadri., Proc.Ind.Acad.
Sei., 134, 43-8 (1841).

Davi and Hevvington., J.Am.Chem.Soc., 26, 129 (1934).



CHAPTER I,

SECTIN II.

STUDIES IN THE SYNTHESIS OF DIFUROCOUMARINS
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SECTION 1II.

bynthesis of difurocoumarins.

THEORETTICATL

Furocoumarins are of much importance due to their

valuable therapeutic properties and applicability as drugs.

Furocoumarins having one furan ring fused with

coumarin ring in different positbon are known and synthesised

by different workers as reviewed in Section 1I.

Seshadri and coaworkersi have studied the Claisen
migration of substitutbéd U.phenylcoumarins and obtained
the compound bis.2 .methyl-dihydrofurano [E’,S’: 5,6] and
[&’,5’: 7,3] -4.phenyleoumerin as one product. 9,7-Diallyloxy.
~4.phenylcoumarin on Claisen rearrangement at 220-40o in the
absence of solvent under reduced pfessure gave two products,

one of which has the structure (1) which is proved by I.R.
and NMR spectra,

H
HaC
l l CgHs
@
<
O ()°
ye O



545
-3

It was, therefore, thought of interest to synthesise
difurocoumarins for evaluating their furocoumarin like
photosensitizing activibty.

The synthesis of difurocoumarins has achieved
by subjecting diallyloxycoumarin to Clalsen migration followed
by cyclisation and dehydrogenation with palladised charcoal.

The following difurocoumarin derivatives are
synthesised using 4,7-diallyloxycoumarin, 4%,7-diallploxy-8-
methylcoumarin and 4,6-diallyloxycoumarin as starting
material,

l. 2,7-Dimethyl-t-oxoHH.difuro (3,2-c; 2?,3°-h)benzo-
pyran (7).

2. 2,6,8-Trimethyl l-oXo 4H-difuro(3,2-c; 3,27.g)benzo-
pyran (12). |

3. 2,9-Dimethyl-t-oxo-4i-difuro (3,2-c ; 3',2°-f) benzo-

pyran  (17).

Synthesis of 2,7.4imethyl-4-oxo-4i.difuro (3,2-c j 29,3°.h)_

benzopyran_ (7) @

#_Hydrpxyp7-a11yloxycoumarin2 (2) on allylation
with allyl bromide in the presence of anhydrous potassium
carbonate and dry acetone afforded 4,7.diallyloxycoumarin
(3) . Claisen rearrangement of 4,7.diallyloxycoumarin gave
tWo products as shown by thin layer chromatography. The
separation was effected by treating the etherial solution
of the mixture first with sodium bicarbonate and then with



sodium hydroxide solution. Evaporétion of the ether gave

the product, which was insoluble either in sodium bicarbanate
or sodium hydroxide solution and was found to be 7-allyloxy-
2-methyl.2,3zdihydrot-oxo.tH-furo (3,2-c)benzopyran (4).
The I.R. Spectrum of (4) shoved a band at 1710 cme
{(lactonyl >C=0 group), at 1275 cm.l (aromatic ether linkage)
and at 875 cm.x (furan) (Fig.l ). The structure of (4) was

supported by its NMR spectrum « (Fige 2 ).

Chemicals Coupling Signals Agsignments
shifts () constant

(ppm) - J (Cps) .

1.58 7Hz . Doublet 3H, methyl.group at

position 2.
3.60 7Hz Multiplet 28, -CHy group at
position 3.
4.55 SHa Doublet 2H,0f allyl group at
° position 7. ArOCH,-

-CH=CH,.
5.8 - Multiplet 1H, at position 2.
55 - Doublet 2H of allyl group at

position 7. ArOCH,-
~CH=CH,.

5.9-6.2 5Hz Multiplet 1H of allyl group at
position 7. ArOCH,~
~CH=CH ;.

6.8-7.6 . . Nultiplet  3H, aromatic proton at

. position 6,8 and 9.
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The compound 7.a11yloxy.2-methyl-2,3-dihydro-4.
oxo4H-furo (3,2-¢) benzopyran on Claisen migration gave

7.hydroxy-6—éllyl-2—methyl-a,3-dihydro_#-oxo-4H-furo(3,2-0)
benzopyren (5). This compound was found identical with the

alkali soluble product, 7.-hydroxy-6-allyl.2.methyl.-2,3.

~ dihydro.4.oxo-4H-furo (3,2-¢) benzopyran which on eyclisayion
with cone. sulphuric acid gave 2,7-dimethyl-k-oxo-4H-2,3,6,7-
tetrahydrodifuro (3 2-¢c} 27,3'.h)benzopyran (6), the I.R.

~ spectrum of whicn shOWeﬁ a band at 1720 cm.i (lactonyl >C=0
group), and at 840 cm.u and also at 905 cm.L (two furan -

a-1% (_F\q L_[)
ring),. The NMR spectrum of (6) showed the followdng signals :-
Chemicals Coupling Signals Assignments
shifts (J) constant
ppm. J (Cps) -

1.5 ; Doublet  3H, -CHj group at position 7.
' 74 (
1.62 - Doublet 3H,-CH3 group at position
2
2.5.3.0 - Multiplet 2H of cyclic methylene

protons at position 6.
3e1-3.5 - Multiplet 2H of cyclic methylene
proton at position 3.
u.é-s.u - ' Multiplet 2H of two cyclic methine
protons at position 2 and 7.
6.8 " 8Hz Doublet 1H,aromatic proton at
position 10.

75 8Hz Doublet aromatic proton at position
Qe



Dehydrogenation of (6) by refluxing it with
diphenyl ether in the presence of palladised charcoal gave
2,7-dimethyl-k-oxo 4H.difuro (3,2-¢ : 2?,3°.h) benzopyran
{7)+ The I.R. spectrum of whiéh showed a éhanp band at
1730 cm:i (1actonyl >C=0 group) and two bands in furan
region, viz., at 800 cm:i and at 880 cmti (furag) (Fige S Yo
The,acidifica§ion of sodium hydroxide extréct gave 7.hydroxy..
6-a11y1-2-me thyl-2,3-dihydro-k.o%o-4H-furo (3,2-¢) benzo-
pyTan identical with (5)’ by mixed m.p. determination and
¢0.TLC method. ’

13

Synthesis of 2,6,8-trimethyl.-h-oxo.bH-difuro (3,2-¢ ; 37?,2%.g)

benzopyran (12)

%.Hydroxy.7-allyloxy-8-methylcoumarin (8) on
allylation with allyl bromide and anhydrous potassium
carbonate in dry acetone gave 4,7-diallyloxy-8-methylcoumarin
(9), which on Claisen rearrangement in boiling dimethyl
aniline afforded only one product. The etherial solution of
the reaction mixture was first breated with sodium bicarbonate
and then with sodium hydroxide solution. Evaporation of
ether gaye no pfoquct. Sodium bicarbonate extract, on

acidification also gave no product, &cidifieétion of
‘sodium hydroxide solution gave 7-hydroxy-8-allyl-2’,6'-di-
methyl-2,3.dihydrot.oRobH-furo (3,2-¢) benzopyran (10),
which on trituration with conc. sﬁlphuric acid gave 2,6,7-

trimethyl 4.oxo.h4H.2,3,8,9-tetrahydrodifuro (3,2.¢ : 3?,2%g)
benzopyran (11). ‘



OQHLCH -‘oCHg
ByCcHyCH= CHe
Acetore, 1,03 . LN
HzQ 2HC HLCQ
HyC=M CHCO O o . ’ O O
(2) ,. (3
Clarswm
Claisen Aearvangement.
“eargangement.
CH ¢H
O 3 O % ,
Claisen .
\v\ AL rampement, | ~
Hyl =Hctyca o Ho 5
CHp= CHZCHL
(4) g

(5)

/c.n‘_.ﬁ!(‘\
|14
O CHB
N .
O ORANG'
HBC
() ‘



O CH3
~ Pd, ‘
7
o) O ™0
(¢)

Dehydrogenation of (11) by refluxing it with diphenyl ether
in the presence of balladised charcoal gave 2,6,8-trimethyl.

~loxo-4H-difuro (3,2-¢ 3 3°,2%.g) benzopyran (12).

Synthesis of 2,9.dimethyl-4_oxo-4H.difuro (3,2-¢ : 37,2'.f)
benzopyrén (17)

4.Hydroxy -6-allyloxycoumarin (13), on allylation
with allyl bromide and anhydrous potassium carbonate in
dry acetone gave %,6-diallyloxycoﬁmarin (l&), Claisen
rearrangement of which‘gave only one product. The etherial
solution of the reaction mixture was first treéted with
sodium bicarbonate and:tnen with sodium hydroxide. Evaporation
of ether gave no product. Sodium bicarbonate extract on
acidification also gave no product. Acidification of sodium

hydroxide extract gave 8-hydroxy.9-allyl-2.methyl.2,3-dihydro-
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O CH, CH=CHy
OH BwcHycHz cHy al \
o Ac:.’l-ov\e, K,_COB\\ .
H,C=2HCH,CO H.CaHcHCO
HC=HCH, O 0 2 A T O O
CHS 3
)
T imethyi
anilime
~
CHy
O O CHy
Come. ‘
Hy sy HyC=HcH,C O
H.C )
A O O O HO O O
CHy
)
Clo)
Pd_/c
Ph,.o
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. oxo4H.furo (3,2-¢) benzopyran (15), Which on cyclisation
with conc. sulpﬁuric acid afforded 2,9-dimethyl-2,3,9,10-
tetrahydro -4.-oXo4H.difuro (3,2-c : 3?,2’-f) benzopyran (16).
The structure of (16) was supported by its NMR spectrum,

Frag) .
which showed the following signals :-

Chemical Coupling ~ Sigpals Assignments. .
shift ( J) constant
pPple - J (Cps)
1.46-1.61 7Hz Triplet 6H, two -CH3 groups at
(overlapping two
doublets) position.2 and 9.
246-3.8 - Multiplet WH, two cyclic methylene

groups at position.3 and
10 (overlapping each
) othér).
4+.85-5.38 - Multiplet 2H, two methine protons
at position.2 and 9

(overlapping each other),

6.9 9Hz Doublet iH, aromatic proton at
position.7.

7415 9Hz Doublet 1H, aromatic proton at
' position-6.

Dehydrogenation of (16) by refluxing it with diphenyl ether
in the presence of palladised chagrcoal gave 2,9-dimethyl-h-
-o%o 4H.difuro (3,2.¢ : 3?,2°.f) benzopyran (17).

!
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OcHyCH =CH,

BCHacH= cHy
Acetome,
Hyc=HeR,C KyCo Koy~ H,_c=1+c
0<0

!
3y (14

D imethyl
aniline.




EXPERIMENTAL.

I.R. Spectra were determined with Perkin-Blmer
457 grating spectrophotometer for compound (%) . Beckmann IR-
20 grating spectrophotometer for compound (7), (10), {(11),
(19). | |
NMR spectra were recorded on TPV 60 spectrophoto-
meter using TMS as internal standard.and Sevent eDely (g2 9
The U.V. absorption spectra were measured with

Beckmann DU - Specti‘ophotometer.

Synthesis of 2,7.dimethyl-h._oxo-4H-difuro (3,2-¢3;2?,37.h)

benzopyran (7) : Allylation of k._hydroxy-7-allyloxycoumarin.g

4,7-Diallyloxycoumarin (3) : Y.Hydroxy.7.allyloxycoumarin (3) s

Ll'-HYdI‘OXY-7—&11Y10§Q’00umarin was prepared according
-to Dholakia and Trivedi .

4,7-Diallyloxycoumarin. (3)

A mixture of 4.Hydroxy.7-allyloxycoumarin (5 g4),
allyl bromide (3 g;) and arhydrous potassium carbona;ﬁe (10 g.)
was boiled undér reflux for 8 hr. in dry acetone (200'mi.)
on a water bath. After the evaporation of acetone; the
residue was treated with water and the compound was filtegred,
washed with dilute sodium hydroxide solution to remove
unreacted compound. It crystallised from aleohol, m.p. 9’+ .
Yield 3.5 g.
Analysis : Found i C, 69.763 H, 5.30 4.
Cy 5Hy 40y : requires : C, 69.76; H, 5.42 Z.

s



<
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Claisen rearrangement of 4 ,7-di2llyloxycoumarin s 7-Hydroxy-

#6-a11yl-2.methyl.2,3.dihydro-4-oxo-4fl.furo (3.2-c) benzo.
pyran (5)

%,7-Dialiyloxycoumarin (2 g.) vas refluxed with
dimethyl aniline (10 ml.) for 8 hr, The reaction mixture
was poured into cone. hydrochloric acid containing crushed
ices The reaction mixture was extrgcted with ether and the
etherial layer was shaken with sodium hydroxide solution.
The all@dline layer was separated and acidified with cons .
hydrochloric acid. The separated product was filtered and
erystallised from alcohol, mep. 222° Yield 1.5 g.
Analysis ¢ PFound" : C, 70.18 ; H, 5.17 4
C, 69.76 5 Hy 5.42 7.
Tiqe e;ther extract after evaporation of ether gave little

Cy 5Hy 4,04 : requires

amount of the compound 7.allyloxy.-2-methyl-2,3-dihydro-k-
-o¥o-4H~furo (3,2-¢) benzopyran. (4), whose analysis is

as follows :.

Analysis Found : C, 69.60 3 Hy 5.17 Do

C-‘LEHLN-OR} H requir‘es H C, 69076 3 H, 50‘1‘2 %o

e

- -3
I.R.Spectrum : 1710 cme- {(lactonyl >C=0 group),
-4 ‘ -2
1275 cm..- (aromatic ether linkage) and at 875 cm... (furan).
Claisen reafrangement of 7.allyloxy.-2-methyl-2,3-dihydro 4.

"oxo_HH.furo (3,2-¢) benzopyran : 7.Hydroxy-6-allyl.2-methyl-

243-dihydrol-oxo i-furo (3,2-c) benzopyran_ (5) :

7.A11yloxy_2.methy1-2,3-dihydro-4-oxo-4H—furo
(3,2-¢c) benzopyran (0.5 g.) was refluxed with dimethyl
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aniline (&% ml.) for 8 hr. The reaction mixture was poured
into eonc. hydrochloric acid containing erushed ice. The
separated product was filtered and treated with dilute
soddum hydrox¥de solution. The product was soluble in
sodium hydroxide solution. The solution was filtered, ’
acidified and the product separated was filtered and
crystallised from alcohel, mep. 2220. Yield 043 g« The
mixed m.p. with (5) was depressed. |

Cyclisation of 7.hydroxy-6-allyl-2.methyl.2,3-dihydro..

oxotH-furo (3,2-¢) benzopyran : 2,7-Dimethyl-h-oxo 4H-

2,3,6,7-tetrahydrodifuro (3,2-¢ s 2°,3’.h) benzopyran (6) :

7-Hydroxy -6-211yl-2-me thyl-2,3-dihydro-t-oxo -t~
furo (3,2-¢) benzopyran 1(1 g.) vas tr;turatéd with conc.
sulphuric acid (5 ml.) for 15 minutes at room temperature .

The mixture was poured into crushed ice. The separdted product
was filtered and washed with sodium hydroxide solution to
remove unreacted compound. The compound was crystallised

from benzene -petroleum ether, after drying, m.p. 1470.

Analysis : Found 2 C, 69.71 5 H, 5.47 %.

Clsﬁluou : requires C, 69.76 H H, 542 T

.-

I.R.spectrum : 1720 cm.. (lactonyl >C=0 group), 840 cm.-
nvl - ’

and 905 cm..- (two furan rings).
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Dehydrogenat ion 6f 2,7-dimethyl—4-oxo-#ﬂ—2.3i617-tetrahydro-

difuro (3,2-c_3 2',3’.h) benzopyrén 2,7.D1m§thyl—4-oxo_

4H.difuro (3,2.¢ 3 2°,3°-h) benzopyran (7) :

A mixture of 2,7-dimethyl-4-oxo-4-2,3,6,7-tetra-
hydrodifuro (3,2-¢ 3 2’,3’.h) benzopyran (0.5 g.) palladised

charcoal (0.3 g.; 10 2) was refluxed with diphenyl ether

4 ml.) for 12 hr. The reaction mixture was filtered hot.
After cooling, petroleum ether was added to the filtrate.
The separgted product was filtered and washed with petroleunm
ether severa2l times. The product crystallised from benzene,
m.p. 225°. Yield 0.3 g. |

Analysis : Found s+ G, 71.06;3 Hy 3.96 %.

Cy 55y 4O : requires :+ C, 70893 H, 3.93 %.
I.R.spectrum ; 1730 cm.- (lactonyl >C=0 group),

800 cma. and 880 em.. (furan).
Chloroform »
)\ . 255 nm glog e h.50), 268 nm (log e
4,41), 305 nm (log e 4.19), 320 nm (log e k4.12), 330 nm
(log ‘e %.09) and 336 nm (log e 4.01).

Synthesis of 2,6,8-trimethy;-4-oxo- H.difuro (3,2-c~1 3’,2°-g)

od

benzopyran (12) : .Allylation of 4.hydroxy-7.-allyloxy-8.

methylcoumarin h,7-Dia11yloxy-8.methylcggmarin (9)

h_Hydroxy;7-allzloxy-8_methjlcoumarin (8)

e

#.Eydroxy-?-ailyloxy-B.methylcoumérin was prepared
according to Dholakia and Trivedia.
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&,7-Diallyloxy-8.methylcoumarin  (9)

A mixture of Y.hydroxy.7-allyloxy-8-methylcoumarin
(5 g+), allyl bromide (3 g.) and anhydroug potassium
carbonate (10 g.) was boiled under reflux for 8 hre in
dry acetone (200 ml,) on a‘wafér bath. After the evaporation
of acetone, the residue was treated with water and the
compound was filtered, washed with dilute -sodium hydroxide
solution to remove unreacted compound. It crystallise&
from alcohol, m.p. 1567, Yield 3.5 g.
Analysis : TFound  : C, 7049 5 Hy 5.89 4.
Ca ¢Ha 604 : requires . : C, 70.58 ; H, 5.88 4.

an

L 1]

Claisen rearrangement of 4,7.di.allyloxy.8.methylcoumarin :

7-Hydroxy.-8.allyl.2,6-dimethyl.2,3-dihydro-k-oxo-4H-furo

{342-¢) benzopyran (10)

4,7-Diallyloxy-8.methylcoumarin (2 g.) was

refluxed with dimethyl aniline (10 ml.) for 8 hr. The
reactién.mixture was poured into conc. hydrocnloric acid
containing crushed ice. The reaction mixture was extracted
with ether and the etherial layer was shaken with sodium
hydroxide solution. The alkaline layer was separated and
acidified with conc. hydrochloric acid. The separated
product was filtered and dried, It was purified by passing
ite chloreform solution over a short column of alumina and

crystallised from benzene, m.p. 179°, Yield 1.5 g.
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~

Analysis Found C, 71.01

«
L L]

H, 5‘96 % .
H:’ 5088 %‘
-1
I.R. speetrum : *' 1780 cm.. (lactonyl >C=0 group), and

e

as
2]

e

(::3, 681 60y requires C,‘ 70 .58

"L *
a broad band at 3340 cm.-- (aromatic -hydroxy group).

Evaporation of ether gave no products.

Cyelisation of 7.hydroxy -S-allyl—:z’ ,6-dimethyle2,3.dihydro.

~4-oxo.4H-furo (3,2-c) benzopyran : 2,6,8-Trimethyl_h.

oxoMH-2,3,8,9-tetrahydro.difuro (3,2-¢ 3 3 ,2 —g) benzopyran (1l)s

7-Hydrogy-8-allyl-2?,6-dimethyl-2,3-dihydro-4w.oxo .-

i -furo (3,2.c) benzopyran (1 g.) was triturated with conc.
sulphurié aeid (5 ml.) for 15 minutes at room temperature .
The mixture waé.v poured into crushed ice. The separated
product was filtered and washed with dilute'\ sodiuézuhydfoxide
solutionv to remove unreacted compound. It crystallised from
alecohol, m.p. 1670. Yielhd‘ 0.8 g
Analysis : Found : C, 70.08 5 H, 5.60 %.
C1 ¢Hy 4Oy ¢ requires : C, 70.58 § H, 5.88 %.

I.R.spectrum : 1690 em..- (lactonyl >C=0 group), 830 am.-

and 890 cm.-- (two furan rings).
>\ Methanol

max. ?‘+6 nm '(10g e 4.07), 29% nm (log e 3.93),

324 nm (log e 4.33), 338 nm (log e %.29).
Dehydroéenation of 2 ;6,S-trimethyl-%-oxo-lfﬁ-z,;,8,9_tetra_

hydrodifuro (3.2.c_3 3 ;2 -g) benzopyran : 2,6,8-Trimethyl.
-LI--oxu_’-i»H—difuro(B,z.c : 3’”2’.@) benzopyran (12) :
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A mixture of 2,6,8-trimethyl-k-oXo-4H.2,3,8,9-
tetrahydroﬁifuro (3,2-c : 37,2°.g) benzopyran (0.5 g.)
palladised charcoal (0.3 g.; 10 ¢) was refluxeavwith diphenyl
ether (4 ml,) for 12 hr. The reaction mixture was filtered
hot. After cooling petroleum ether was added to the filtrate.
The separated product was filtered and washed with petroleum
ether several times, The product was purified by passing 1its
benzene solution over a short column of alumina. It crysta.
1lised from benzene, m,ps 218°. Yield 0.3 g.

Analysis : Found * : C, 71.68 ; Hy %72 2
CigHi204 ¢ reguires : C, 71.65 5 Hy, 448 4.

anm e

-3 . . -1
I.R.Speetrum 3 1715 em.- (lactonyl >C=0 group), 827 cm.-

-1 .
and 930 cm.-- (two furan ring).
Methanol

Max. 304 nm $log e 4-09); 332 nm (log e

%.19) .

Synthesis of 2,9.dimethyl.4-oxo 4H.difuro (3,2-¢ : 3’,2°.f)

benzopyran (17) : - Allylation of 4 _hydroxy-6-allyloxycoumarin s

4,6_Diallyloiycoumarin (%) : 4. Hydroxy-6-allyloxycoumarin(l3):

4. Hydroxy .6-allyloxycoumarin was prepared according
T 2
to Dholakia and Trivedi

4,6-Diallyloxycoumarin (14) :

A mixture of 4.-hydroxy-6-allyloXycoumarin (5 g.),
allyl bromide (3 g4) énd'anhydrous potassithcarbona%e {10 g.)
was boiled undér reflux for 8 hr, in dry acetone (200 ml.)

on a water bath. After the evaporation of acetone, the residue



‘was treated with water and the compound was filtered,
washed with dilute sodium hydroxide solution to remove
wreacted compound. It crystallised from alcohol, mp. 1190-
Yield 3.5 g ;

Found : C, 70.01 ; H, 5.63 ¢

Cs 5Hy 304 : requires : C, 69.78 ; H, 5.43 4.

Analysis

-e

Claisen rearrangement of 4, 6.diallyloxycoumarin ¢ 8-Hydroxy-

9-81ly1l-2_methyl.2,3.dihydrot-oXo Wi-furo (3,2-¢) benzp.
pyran (15) s

%,6-Diallyloxycoumdrin (2 g.) Was refluxed with
dimethyl aniline (10 ml.) for 8 hr. The reaction mixture
was poured into conc. hydrochioric acid céntaining erushed
ice. The reaction mixture was extracted with ether and the
etherial layer was shaken with sodium hydroxide solutione.
The alkaline layer was separated and acidified with conc.
hydrochloric acid. The separated product was filtered and
erystallised from aleohol, m.ps 255 Yield 1.5 g.
Analysis i Found : C, 69.71 ; H, 5.76 %.
C1 5H1 404 : requires: C, 69.78 ; H, 5.43 4.

Evaporation of ether gave no products.

Cyclisation of 8.hydpoxy.9.allyl-2.methyl.2,3.dihydro.li..

oxo-4H-furo (3,2-¢) benzopyran ': 2,9-Dimethyl.2,3,5,10.
tetrahydro.k.oxo.tH.difuro (3,2-¢ _: 3?,2’_f) benzopyran (16) :

8-Hydroxy-9-allyl-2.methyl-2,3~dihydro.l-oxo.4H.
furo (3,2-¢) benzopyran (1 g.) was triturated with conce.

sulphﬁric acid (5 ml.) for 15 mimutes at room temperature.



The mixture was poured into erushed ice. The separated
product was filtered and washed with sodium hydroxide’

- solution to remove unreacted compound. The compound was
purified by passing its benzene solution over a short column
of alumipa, It crystallised from benzene-petroleum ether,

(7% + I 1800‘ Yield 0.3 e

Analysis : TFound

[ 1)

e

C, 69.71 ; H, 5.5% 4.
c;.ﬁﬁz,uou : requires : C, 69.78 3 H, 542 4.

-w

Methanol
>\&4 296 mm (log e 4.13), 307 nm (log e %.05),
aX. . .

342 nm (log e 3.63).

Dehydrogenation of 2.9-dimethyl.2.3.9.10-tetrahydro-b.oXo-

L4H.difuro (3:2:0 3’,2'.f) benzopyran : 2,9-Dimethyl_i.
_oxo..li-H-difuro [3,2..0 : 3 o2 ) benzomran (17) :

A mixture of 2,9~dimethyl-2,3,9.10-tetrahydro l..
oXoHH~difuro (3,2.c :3,2°.f) benzopyran, (0.5-g.), palladised
charecoal (0).3 g4} 10 2) was refluxed with ;iiphemfrl ether (4 ml.)
for 12 hr: The reaction mixture was filtered hot. After |
cooling, petroleum ether was added to the filtrate. The
Separated product was filtered and washed several times with
petraleum ether. The product was purified by passing its
benzene solution over a short column of alumina. It

crystallised from benzene, m.p. 228°. Yiela 0.3 g.

Analysis . : TFound

24

C, 70087 ; H, 3‘60 %
CasHioOy ¢ requires : C, 70.88 ; H, 3.9% 4.
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Me thanol

>\ MagZas

326 nm (log e 4.50), 342 nm (log e
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