CHAPTER III

SYNTHESIS OF SOME_(A) COUMARINO-g-PYRONES

AND_(B) FUROCOUMARINS
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CHAPTER IIT

(2) Coumaripo-g-pyropes : -

| Haptzsch and Zﬁbchsrl synthesised coumspino-g~
pyrones(I) and (II) by the Pechmamm condensation of
regsorciml and phloroglucimol with ethyl acetoacetate;

Sen and Chakravartiz condensed 7-hydroxy- and
7-hydroxy-4-me thyleoumarin with mgiic acid in the presence
of sulphuric acid and obtained coumarino-(7,8 $ 6:5’)-a-
pyrone (IIIa) and Yemethylcoumarino(7,8; 6;5’)a-pyrone(IIIb)
rospectively, ‘ |

i » R=zH : iv
(.13) R‘.‘:C—I"&



36

~ Similar cozidensationswere carried out by the above
authors with 7,8-dihydroxy-4-methyle,7,8-dihydroxy=,
5-hydroxy-7-methyl- and 5-hydroxzy-,7-dimethyleoumarin and C5ey
obtained coumarime-q=-pyrone derivatives, the structu:es of
which were ‘rot established. Rangaswami and Seshadri reported
the formation of both the amgular (IIIa) and the linear(IV)
coumarimeg-pyron? derivatives in the condensation of '
7-hydroxycoumarin with _malic acid, the latter being
obtained in poor yield. Under the same oxperimental
conditions 7-hydroxy-i-methylcoumarin gives only the angular
coumarim-g-pyrone {IIIb). -The structure of(IIla)was
established by its synthesls from 7-hydroxy-8-formylcoumatin
by Perkin resction. Ina similar way, the constitution of

(IIIb ) was also established.

Biswask synthesised 3-chloro-k-—methylconmar1m—
(7,82 6’,5 Ya-pyrone, 7-methyle-3~chloro-i-methylcoumarino-
(5,62 6 5 )a-pyrone and 8-hydroxy—3-chloro-’+-methylcoumarim-
(7 6 :6 5 Ja-pyrone by the conmdensation of 3«chloro-k-

. methyle7-hydroxy-, 3-chloro-5-hydroxy-l,7-dimethyl- and
3=chloro-4-methyl-7,8-dihydroxycoumarin respectively, with
malic acid in the presence of sulphurie apid.

Trivedi and sethnas propared 3,4-dimethyl-
coumarim—(?,&:é 5 )a-pyrone and 3,4,7-trime thylcoumarino-
(5,6:6 5 )a—pyrone by the condensation of 7-hydroxy-3,4-
dimethyleoumarin and 5-hydroxy-3,4,7-trimethyleoumarin
with malic acid. Similarly 8-hydroxy-3,4-dimethylcoumarino-
(7,6:6:5’)a-pyrone', 3-—bromo-4-methy1conmar1m(7,8:6:5’)a-
pyror® and | 3=bromo-}-me thyl-8-hydroxycoumarinm(7,6: 6: 5 ’)a-
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pyrone were also synthesissd from 7,8-dihydroxy-3,k- ' ?
dimethyleoumarin, 7-ﬁyaroxy—3ebrom—i+«-mathylcoumar in and
7 48-dihydroxy-3-bromo-i-methylcoumarin respectively. They
established the structures by Perkin scetylation of the
corresponding formylated coumarin derivatives.

Dholakia and ‘1'1'1.‘:"9(‘116 recently synthesised
coumarim-q-pyrore (VI) from 4-hydroxycoumarin(V) by the
Pechmann condensation with malic ageid. /

&
()
modie aeld
H. so,_,

ott ol
v

Similarly, 7amethoxya8-—methyla-le-:methyleoumarim
(k,3z6:§,)a~pyrona and 6=-methy1coumarino(lr,3x6: 5,, )a=pyrone
were ~a,]_ss»:) synthesised from 7omethoxy~8aﬁathyl—k~hydroxy-
- and 6~methy1-l+-hydroiyeoumarin; respaectively.

Shah and co-woirkers? carried out Kostamecki-
Robingson acylation of 5-hydroxy-6-acylecoumarins(VII) and
obtained coumarime-g-pyromss(VIiII) and coumarinoey-pyronss
(1x).
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Limaye and Ghate obtained u,uiazmetnyl-s-etnyl-
. coumarim»(?,6=6: 5’)a~pyr::>na and azk-ﬁimthyluaaethyl-.a:
acetyleoqmérim-«}é. =pyror® from 7-hydroxy-8«ethyl-6-scatyl-
lt-methylcoumari;:: gy Kostanecki=Robinson acetylation.

, 9
Mistafa amd co-workers carried out Kostanecki«

Fobinson geetylation on 4-hydroxy-3-benzoyleoumarin(X)
’ )
ard obtained kophenylcoumarim—(lt,3=6,5 Ja-pyrone(XI),



4-Hydroxycoumarin on Pechmann condensation with sthyl
acetoacetate yislded himethylcoumarino(%93:é:5,)a—pyrons.
Trivedi and eo-werkersao synthesised #wmethylwh:
phenylcoumarimo (7,626:5’)a~pyrona (XIII) by carryinz out
Kogtanscki-Robinson acetylation of 7-hydroxy-6-benzoyl-k 8-
dimethylcoumarin (XII), The structure of this coumarino-g-

pyrone was established by infra red spectra.
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Similarly they prepared #,S-dimethylnklphenylw
coumarino (7,6:6:5’)q~pyrone from 7-hydroxy=-6=-benzoyl-4,8-
dimethylecoumarin. Mustafa,Starkovsky and Zakilg prepared
5-me thoxycoumarino (716:6:5’)a—pyrons (XV) by Perkin

~
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acetylation of 5-methoxy-7-hydroxy-6-formylcoumarin (XIV).

octy
xtv XV
Whta - carrisd out Perkin acetylation and
Kmevenagel roaction on 8ohydroxy-7-formylcoumarin (XvI)
ard obtained coumagim(8,736,5 )a=pyror® (XVII) and
3:carbathoxyconmar1m(8‘,7zé:5’)a-pyrom (XVIII),

»*
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Chakravarti and co-workersi: condensed 7-hydroxy.
8«~formyl-l-methyl-and é6-hydroxy-5~formyl-t-methylecoumarin
b
with glycine and obtained 3-gcetamido-Y-methylecoumariro-
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(7, 8:6 5 )a—pyrona (XIX) and ll--methy1-3-acotam1docoumar1m
(6’536’5 )a*PYrOnS (XX).

Shaikh ard Trivedi - symthesised 3-acetamido-
coumarim(? 8: 6:5’)a-pyrone, h—methyl-B:acetamidocoumarim
(7,8:6,5 )n—nyrone and lt-methy1-8-hydroxy—3-acetamido-
coumarlm(? 6:6,5 )a-pyrore through a similar procedure.

'.l'he present work deals with the attempted
synthesis of coumarlm(6,7:6:5,)c—pyrom and 4e-methyl-
coumarim(6,7:6:5,)a-pyrone:

Attempted sypthesis of coumariro(6,7:6.5 )e-pyreps :
7-Formylcoumarin was synthesised_ from 7-bromo-
' methylcoumarin as described .in chapter II. This vas
subjected to Elbs persulphate oxidation by treating an
alkaline solution of 7-formylcoumarin with a solution of
potassium persulphalte. The unreacted coumarin was removed
by acidifying the solution to-congo-red and removing the
precipitated material. The filtrate on heating with excess
of hydrochloric gcid gave a product which was soluble in

sodium hydroxide solution. It gave reddish brown
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colouration with alcol_a&llc ferric chloride solution.

‘ The application of this reaction to coumgrin
derivatives has been studied by a mimber of workers and
1t has bsen shown that the oxidation takes place in the
6-position of the coumarin ring systemif 6-Hydrozy -7-formyl-
coumgrin structurs (XXI) has tmerefore been assignsd to
the above oxtdation product. This hydroxy coumarin was
then condensed with disthylmalomate in the presence of-
a few drops of piperidine. The alkali 1nso§a‘ib1’e' product
Obtained was assigned 3-’-carbethoxyeoumarim-(6,7:6:5')’3-
pyrons stmcturo (XXII). Ag the hydroxyformylcoumarin (XXI)
was obtained in a very low yiéld, the hydrolysis ani
decarboxylation of the ester (XXII) could mot be attempted .
Attempts to carry out Perkin gcetylation on (XXI) gave a
polymeric product which was insoluble in various solvents
and which did mt melt,

) o
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7-Formyl-4-methylicoumarin, synthesised from
7-bromomethylsh-methyleoumarin as deseribed in chapter II,
on oxidation with potassium persulphate gave 6-hydroxy-7-

formyl-k-methylcoumarin {XXIII). This was then condensed
with diethylmalonate 1in the presence of a few'drops of
piperidine and 33.-0arbethoxy-k—methylcgumarim(6,7:6:5,)
a-pyroms (XXIV) was obtained. This ester on hydrolysis
with % sodium hydroxide solution gave l&»methyl»_‘i—carboxy-

eoumarim(6,7:6,5 Ja-pyroms (XXV). As this gcid was
obtaimed in very low yield, the decarboxylation could mot
be studied.

(@
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(B) ﬁ‘gg/ocoggar;ng $ | ' 104
) A rumber of furocoumarins have been 1solated -
from plants. Psoralens,angelicin,bergapten,xanthotoxin,
pimpinellin,isopimpinellin amd oreoseione (XXVI, XXVII

and XXVIII) are a few members of this group.

R R, ¢ R R
Psoralene H H Angelicin H H
Xanthotoxin OMe H  Pimpirellin OMe OMe
Bergapten H OMe
Isopimpinellin OMe , 0Me
Imperatorin OCH,CH=C(Me), H

XXNE

Ofepé«eQbm_

fome furocoumarins such as bergapten,pimpinellin
anmd isopimpinellin are toxie to fish and others such as
psoralene,xanthotoxin, imperatorin and bargapten are found

to be photosenzitizing agents. Furocoumarins such asg
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psoralene and imperatorin have also been founrd to hgve
antifungal activity'lf

_ A furocoumarin can be synthesised (A) by building
up a furan ring on a suitably substituted coumarin
derivative or (B) by building an a-pyrone ring on an
appropriate benzofuran derivative. ]
() 1+ A very convenient methed for the synthesls of g
i‘urocoumarin from a coﬁmarin derivative is illustrated by
the synthesis of amgelicin by Spgth and Pailerw. o
7-Bydroxy-8-formylecoumarin (XXIX) was condensed with iodo-
acetic est‘or'and the product obtained (XXX) was hydrolysed
to the acid and cyclised in the presemce of acetic
anhydride to angeliein (XXXI).

eHO cho

(®
‘ N
HO 0 Jergcocc - {E0C P O‘ @
/
XX K
XIX

X (ﬁchO +
Naohe

AKX ri

Ethyl bromoaeetate is gererally used instead of
ethyl iodoacetate. This method has been extensively used
by later workersforﬁ,»the synthesis of a mmber of furo-
coumaring, A fey examples‘:are given below:

. - 8 ’
Sheh and’ Shah" synthesised 3-methyl-furo-
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9 1 i
(5,%:5,6)coumarin (XXXI1a) from 5-hydroxy-6-acetyl-3-
) 19 ’
carbethoxycoumarin. Chudgar ard Shah  prepared 3,4-
dimethyl-furo(5,k :5,6)coumarin (XXXIIb) from S-hydroxy-

6-acetyl-bemethylcoumarin.

-,
OQ
] %
()

XX X1t

(a) R=H
(b) R = CHy

o 20 :

Rodighiero and Antorello applied this méthod
to the synthesis of xanthotoxin (XXXIII) from 7-hydroxy 8-
methoxye-é-formylcoumarin,

iLimaye and Gangal21 synthesiged 4,§:dimethyl—furo
(524'37?6)coumarin from 7-hydroxy-6-acetyl-l-methyl-
éoumarin.using the same procedure.

Trivedi ard co~workerszahave recently synthesised

different alkyl psoraleres having alkyl or aryl substityspness
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in 4-position. ?oHydroxy-é-acylauwalkyl or aryl-8-methyl-
coumarin on condensation with ethyl bromogcetate followed

by hydrolysis and subsequent cyclisation yielded different
substituted psoraleres (XXXIV).

Clig

XARIV

R = alkyl or aryl .
Rl = CHs’ *@2}15 atc,

- Usirg the above method, Shah and shah

synthe sised 3-methy1=-f‘uro(5,l|> :7,8)coumarin (XXXV) from
7 -hydroxy-8-gcetylcoumarir.

XXAY

X X%\

: Mshta and Sethnau synthesiged 3:methy1-furo
(5:%’:8,7)coumarin (XXXVI) by condensing 8-hydroxy-7-
acetylcoumarin with‘ ethyl bromogcetate followed by
hydrolysis and eyclisation.

23 3 )
Mehta has also prepared 3,8-dimethyl-furo
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(5:l+’ +7,6)courarin firom 7-hydroxy-6-gtetyl-8-methylcoumarin
and 3:5—dimethy1—furo(5:4,37,8)coumar£n from 7-hydroxy-8-
acetyl»S-met@ylcoumariga

D - Seshadri and co—w@rkersa6 have developed an
1nterest;ng method for the synthesls of furocoumarins.
They synthesised angelicin by subjecting 7-hydroxy-8-
allyleoumarin (XXXVII) to ozomolysis and cyclised the
7 -hydroxycoumarin-8=-gcetaldehyde (XXXVIII) formed with

orthc phosphoric acid.

~ »
XAXYII
XAKRKNVU
Hé PD:I

Pardanani anﬂ’Trivediz7 used this method for the
synthes;g@or 8-methyla%~phenylofuro(5:#,;7,6)coumar1n from
7-hydroxy-#opheny1m8»methylcoumarin;é-acetgldehyde.

Pollowing the same procedure, Seshadri and

26
co-workers also synthesised psorzlene ani xanthotoxin,
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(3) Katafmanzs has developed a versatile method
which haé proved useful in the synthesis of several
furocoumaring. The synthesis of a dimethylpsoralene by
this method is givenbelow, ) |

7-Allyloxy-8-methylcoumarin on Claisen
rearrangegent gave 7-hydroxy-6-allyle8-methyleoumarin
(XXXIX). This was then acetylated and brominated. The
dibromo derivative (XL) was eyclised to get the psoraléne
derivative (XLI).

Chs T
HO =0 By ) CJjSDCO-o
(‘.JZ2 = th ?Hg - :_;4;—- C_li)
By B X
i ‘ CgHs Ot +

KoH

This method was then extended to the synthesis
? vy
of furo-2,4-dimethyl~(5,4:16,5)coumarin (XLII) from
N 29 .
6-hydroxy-5eallyl=bemethyleoumarin .

R 1]
R=ch, Br, e NCHHD,
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Kaufman afd co=workers 3° synthegsised psoralene
dorivative (XLIIT) having different groups suweh as C1,Br,
CN{ and N(CH;), in the 8-position using 8-aminopsoralens
as an intsrmediate product.

Kaufman and &xsseyﬂ also synthesissd 2:gxethyl-
fnro(szl&’w,?)coumarin (XLIV) from 7-allyl-8<h¥droxycoumarin
by this method.

Shaikxh and 'l’ri.veclfl32 recently synthasised”
zimethglwfuro( 5:%_’:3,4)ecumar1n (XLVID)from 3-hydroxy-
coumarin, 3-Hydroxycoumarin was allylated and the allyloxy
coumarin on Claisen rearrangement afforded 3-hydroxy-i-
allyleoumarin (XLV) which was cyclised by treatment with
comcentrated sulphurics a@id. The dihydrofurocoumarin
(XLVI)'was then dehydrogonated with palladised 'charcoal
to 2:methy1—furo( 5:49 :3,4)coumarin (XLVII).

1“/&50&7

_Jon
CH,CH=0CH,

XLV
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k. Trivedi amd Sethn333 synthesgised 3:methy1~furo
(5:‘+’35,6)coumar1n (LII) using a different approach. The
éoumarim-a-pyrone (XLIX) obtained from 7-hydroxy-4-methyle
coumarin (XIVIXI) was brominated and the 3-bromo derivative

(L) obtained was treated with aleoholic potassium hydroxide
and the geid (LI) decarboxylated.

H 250(1

X iVl
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[} ‘ 33“
Dholakia and Trivedi” applied this method to

L | ’
the synthesis of furo-(5,% :%,3)coumarin (LIIT) starting
from hehydroxycoumarin,.

Oo
n

35 | .

Ray,Silooja and Vaiqd = prepared 3-methylpsoralere
(V) by the eyclisation of 7-secetonyloxyconmserin (LIV)
with sodium ethoxide.

». O
HO o Cf*scof-'jgo o

Lsili

dIIV
C‘—Q}":\‘:—ON{:L
2 °
ey =
LV
(B) A few examplos of the other approach viz.

building up a-pyrone ring on a substituted benzo furan
derivative may now be citsd. (

spath et a1.>° carried out the condensation of
6-hydroxyaa,j-dihydm-benzofuran (IVI) with malie acid in



the prosence of sulphuric acid and obtainsd 2,3-dihydro-

psoralane (WII) which was dehydrogenated to psoralene
(IVIID).

Ot madic ccud

/‘f&SQ{
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. Later, Horning and Reismr” prepared different
243-dihydropsoralenes by condensing 6-acstoxy-2,3-dihydro-
benzofuran with a variety’ ol p-keﬁohic esters in the
prossnce of sulphuric geid. Esse and €2hrist@nsan38 hgve
extended this reaction to obtain 6=-alky1-2,é.~d1hydro=’5-
methylpsoralene by condensing appropriate G6=alkyl-B-
ketonic ester with 6-acetoxy-2,3-dihydrobsnzofuran,

Goudau and Blamhacott@” synthesised L-hydroxy-

3-phenylpsoralene (LIX) from 6-hydroxy-2,3-dihydrobenzoturan.

Foster et al.w synthesised psoralens by first
subjecting 6-hydroxy-2,3-d{hydrobsnzofuran to Gattermann
formylation and then condensing the S5-formyl derivative
(LX) with cyamacetic acid under the conditions of
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Knoevenagel reaction. The acid obtained (IXI) was
decarboxylated and dehydrogenated to psofa.lemo.

Ot
Cganc acetic

CHO Ged el

L X
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' Wi
Limgye and Sathe subjected 6-hydroxy -7 -acetyl-

,

3-methylbenzofuran (LXII) to Kostanecki-Robinson
acetylation and obtained f‘uro—3,’+-dimethyl(5:1+’ £9, 6)
coumarin (L'{III) in poor yield along with furo-?_,S-
dimethyl-(5,’+ :5,6) chromone (LXIV),

1o Xt
c.O CH\_; B

>

Lo Xr¢

B2 "y ’
S8alvi and Sethma synthesised 2-carbmethoxy—3_-
b I
methylfuro (5,4 :15,6)coumarin (LXVI) from methyl-6-hydroxy-
7-formyl-3-methylecoumarilate (LXV) by Perkin acetylation.
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They also prepared 3emethylfuro(5,% :5,6)coumarin
(LXVII)- from me thyl-Y-formyl-5-hydroxy-3-methylcoungrilate
i)y Krmosvenagel reaction with diethyl malonaste.

) l'a;maye“3 synthegised angelicin by preparing
k=hydroxy-5-formylbe nzofuran from Y-hydroxybenzofuran and
then subjecting it to Perkin reaction, _

Recently Kaufman: and co-workers i have developed
& new synthetic route to synthesise psoralems as follows.
Bromination of sthyl(2-formyl-5-methoxyphenoxy)acetate
gaveé the kebromo derivative (LXVIII) which was saponified
and similtareously cyelised and decarboxylated to S5-bromo-
6-methoxybenzofuran (IXIX). Lithium bromide interchange
and then formylation and demethylation gave Soformyle-6e-
hydroxybenzofuran .(LXX) which was condensed with



diethylmalonate to furnish psoralsne after hydrolysis and
decarboxylation of the condensation producte

)
Cf OCH CODC, He 0
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Shaikh and Trivedi g have synthesised hehydroxy-
fum(}5:h’55,6)@@mariﬁmi§) by the action of sodium and
ethyi carbonate on—~6-hydrcxy-7~&cetyibanzofuran. Through a

similar procedurs the furocoumarins (LXXI b and ¢ ) were
synthesised from é=-hydroxy-7-acetyl-3-msthylbenzofuran
and 6-hydroxy-7-propionyl-3-methylbenzofuran.

(&) R=R, = R, = H
(b) R=CHy , R, =R,
(¢) R= R, = CH; 5 R,

I

]
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<

The following types of furocoumarins are

.o

s XX 1

O
' ‘.O
(o

LXxv

theoretically possible,

LoXAVH

Jo AN
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As will be sesn from the previocus discussion
that many of these have lteen synthesised. However, as far
as. the type (LXXV) is corcermned, the parent compound has
not been symhesised. Only two derivatives, viz. 4-methyl-
5»n—pr0py1«furo(5:%,aéﬁ)ccumariﬁ (L¥XXXIII) and 2:4-—
dimethylfuro(5 ;k’ é,7)coumgrin (LXXXIV)have been
synthegsiged by Kaufman et al..so ag followse s

6-Hydroxy=5,n=propyl-i-nethyleoumarin (LXXX) was
allylated ard the allyl ether (ILXXXI) on CGlaisen
rearrangement gavé 7-allyl-6-hydroxye-b-n-propyl--methyl-
coumarin (IXXXII). This on ozomolysis, <.’ " "I » i 'tiun
ané heating with o-phosphoric geid gave LemethyleHen-
propyls-furo(5:4:6,?)coumavin (LXXXIIL)

S . ’
o Allyi byomide ©
;O oh,= i Ch0 ~
C3H CH,
C:3H7 CHy /

o XXX

L AKX

‘ o Q) 0 CHzCdt c
o
Oé) Hsf C{ H

L XXXl

c,.,H

- MXXKH
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] s 9
2,4—Dime%hy1-furo(5,4:6,7)coumarin (LXXXIV) was
synthesised by the above authors from 5-hydroxy-2-methyl-
243-dihydrobenzofuran by Pechmann reaction with ethyl

acetogcetate ard subsequent dehydrogenations

ol () efzcocHy - ! [ N =0
~CEOCH RS cH, — ;
& -y » o
do R X XY

. . )
Attempted synthesis of furo(5.4:6,7)coumarin: (LXXV):

The parent furocoumarin (LXXV) canmt be
synthesised directly from é6~hydroxycoumarin as it formylates
in 5-position and the allyl group from é-allylether
migrates to the 5-position. The present work deals with
a mew approach to the synthesis of this furocoumarin from
7-methylecoumarin through the’sequence of regetions given
on the rext page;

However, the hydrolysis of the ester (LxxXxXv)
with 5 4 sodium hydroxide ggve an acid which does mt
correspond to the desired acid (LXXXVa). The Qtructure
of this acid has mt been established.

Becguse of this difficulty in getting this geid
Tanaka,s methodhéf condensing an o-hydroxy aldehyde with
ethyl bromomglonate in ethyl methyl4ketone in the preserce
of anhydrous potassium carbonate, was tried.

6~-Hydroxy-7-formyleoumarin, prepared as

*
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described before was eordensed with ethyl bromomalonate in
ethyl methyl ketone in the presence of anhydrous potassium
carbonate. The solvent was then removed and the residue
when treated with water gave a product which was insoluble
in sodium hydroxide solution. 3:Carbethoxy-furo(5:#:6,7)
coumarin structure (LXXXVI) has been assigned to this
product. However, the hydrolysis and decarboxylation met
with failure. Hydrolysis with sodium hydroxide gave a
polymeric product and with comcentrated sulphurie acld

in the cold mo hydrolysis took place.

. D
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N'Althahgh the removal of the carbethoxy group

from the above compound was unsuccessful, it was thought .
6f irnterest to see if h»methylfuro(5:49s6,?)coumarin
could be synthesised startirg with hemethyl-7-formyl-
coumarine, It hag been possible to achieve this synthesis
tﬁrough the following sequence of reactlons.

6—Fydroxyalw-methyl-'/’-»formyleoum;ar1:1, prepared
ag descrited before (p.ic3) was condensed with ethyl bromo-
acetate in acetore in the presence of anhydrous potassium
carbonate. nRemoval of geetors ard dilution of the
residue with water gfforded a product, which was insoluble
in sodium hydroxide solution. 4-Msthyl=-6-carbethoxymethoxy-
7-formylcoumarin (LXXXVII) this obtained was hydrolysed by
keeping it with 5 4 sodium hydroxide solution for 24 hours
to 6-carboxymethoxy-4-mothyl«7-formylecoumarin (IXXXVIII).
This acid on heating with sodium acetate and acetic :
anhydride underwent eyclisation to 31carboxy=k-metpy;furo-
(5:h,=6,?)couMarin (IXXXIX). This was then decarboxylated
to h-methyl—furq(5:¥9sé,?)coumarin (XC) by refiuxing in
quirolire with copper bronzs.

»
Ci . . LHODC,
ae 20 E#yy] brewo - cfi", <
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b=Bydroxy-7-formyleoumarin, s

A saturated aqueéous solution of potassium
persulphate (0.6 gz.) was added during & hours to a well
stirred solution of 7-formylecoumarin (1 g.) in sodium
hydroxide. On the next day thils solution was just
acidified and filtered. The filtrate on heatirg on a
steam bgth for 30 minutes with excess of hydrochloric acid
gave a product which erystallised from nitrobenzene in
pale yellow prisms (0.25 g.), mepe 2680. It ggve reddish
brown colour with aleoholic ferric chloride.
Apalysis ¢ Found t Cy, 62.% 3 H, 2,75 %.
Cy oHgOy, requires 3 C, 63.16 3 Hy 3.15 2.

$ 9

A mixture of 6=hydroxy~7-formylcoumarin (1 g'.),
diethyl malonate (0.67 g.) and piperidire (4 drops) was
kept overnight. The reaction mixture was decomposed with
ice cold hydrochlorie acid (50 ml, § 1s1.). The product
which separated was washed with dilute sodium hydroxide
solution and crystallised from dilute acetic acid in
pale yellow needles (0.55 g.), m.p. 295-97°
Apalysig : Fourd 3 G, 62.69 3§ Hy 3.25 %.
Cy 5H; 00¢ requires : C, 62.% 3 H, 3.49 %,

- heMathyle7-formylcoumarin (1 g.) prepared as
on (p.gi ) was dissolved in sodium hydroxide solution

(15 ml, ; 10 2 ) by heating. A saturated aqueous solution
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of potassium persulpixate (1.6 2.) was added during 4
hours with contimous stirring ard éxternal coolirg.
After keepirg this solutiion overnight, it was acidified
to congo red. The precipitated unreacted substance was
removed by filtration. The filtrate was treated with
excesg of hydrochloric..acid and heated on a steam bath
for 30 minutes. The product obtained erystallised from
acetic acid in yellow meedles (0.3 g.), m.p. 28‘70- It

gave a reddish brown colour with reutral ferrie chloride

solution, ‘
Aralysig : Foumd s Cy 6o § H, 3.60 %,
C,,HgO, requires s C, 64.71 § H, 3.92 %.
, . 14
, - .
=C =h-methylcoumariro! lﬁwumgm ¢

6-Hydroxy-l=me thyl-7-formyleoumarin (1.g.). was
mixed with diethylmalonate (0.62 g.) and three drops of
piperidire. After keeping the rsaction mixture for 24
hours it was decomposed with hydroeﬁloric acid (1s1) .
The product which separated waes washed with dilute sodium
hydroxide solution and it crystallised from dilute acetic
acid in pale yellow medles (0.6 g.), Mepe252°
Apalysis : Foumnd t C, 63.93 3§ Hy 3.92 4.
C;¢H; 206 requires 3 C, 64.00 3 H, 4.00 %,

The above ester (0.5 g.) was mixed with sodium
hydroxide solution (5 ml. ;A 5% ) and kept overnight. The-
clear solution was i:hen diluted ard acidified. The separated
acid was purified by taking it in sodium hydroxide solution.
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The product obtaired on scidification was crystallised
from dilute gcetic gcid. M.P. 3000. Yield 0.3 g.
Anslysis : Found G,éi;65 s H,3.02 %.

Cy,HgOg requires : C,61.76 3 H,2.9%% %.

20

6-Carbethoxymethoxy~7-formylcoumarin : _
A solution of 6~-hydroxy-7-formylecoumarin (1 g.)

in dry acetore was refluxed with anhydrous potassium
carbonate (3 g.) and ethyl bromogcetate (3 ml.) on a

steam bath until the solution became colourles;. The solid
obtained on removal of acetone was treated with water.

The separateg product crystal}ised from benzene-petroleum

0
ether in white needles(OJ4+ g.), m.p.128 .

Analysis : Found : C,60.91 5 H4.66 %,
CyuH; 20¢ requires : C,60.87 ;3 H,4.34 %.

-«

6-Carboxymethoxy=7-formyleoumarin

The above ester (0.3 g.) was mixed with sodium
hydroxide solution (5 ml. 5§ 5% ) and kept overnight,
This was then diluted and acidified. The solid separated
was extracted with sodium bicarbonate solution and the
bicarbonateﬂextract on gcidification afforded a product.
It crystallised from dilute acetic aeld in white reedles
(0.1 g.), m.p. 1780.

Analysis 1 Found 1 C,57.38 ; H,3.68 %.
6-Carboxymethoxy-7-formyleoumarin
requires : C,58.06 5 H,3.22 %.
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3=Carbethoxyfuro(S.4 :6,7) coumarin :

6-Hydroxy~-7 -formyleoumarin (1 g.) was dissolved
in ethyl methyl ketore (50 ml.) by warming and ethyl
bromo malonate (0.56 g.) and anhydrous potassium carbonate
(3 g.) were added. This mixture was heated on a steam bath
for 5 hours. The solvent was then removed and the residue
was treated with water. The solid obtained crystallised
from acetic acid in pale yellow needles (0.55 g.), mepe
238+

Apalysis : Found ¢ C,65.39 5 H, 3.89 ‘%.
CiyHi 005 requires s C,65.12 5 H, 3.87 %.

6-Carbethoxyme thoxy -4 -methyl-7-formylcoumsrin s

A solution of 6-hydroxy-i-methyl-7-formyl-
coumarin (1.5 g) in dry acetone was mixed with ethyl
bromogcetate in the presence of anhydrous potassium
carbonate and heated on g steam bath until the solution
became colourless. Acetone was then removed and the
résidue was treated with excess of water. The solid

obtained crystallised from benzene in white needles

0
(0075 go), MaPo 1.73 .

Analysis : Found : c,§2.19 3 Hy4e97 %
615H1u06 req&ires ﬁ/ 6,62.07 H H,2+082 %o

1S
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ymethoxy=b-methyl-7=formylecopmarin :
The above ester (0.5 g.) wes kept wiith sodium
hydroxtde solution (10 ml, ; 5% ) for 2% hours when a

clear solution was obtainad. This solution was then

diluted and acifified. The precipitated acid erystallised
from acetic seid in white tiny meedles (0.39 g.), mop.237°o
_A,ga;m‘g : Found : C, 59;1% s H, 4406 %.

C;3H; o0¢ requires : C, 59.5% ; H, 3.81 %o

/ The above acid (O>.5 ge) was heated with fused
sodium acetate (2.5 g.) ard gcetic anhydride (5 ml,)

for 2 1/2 hours directly on a wire gauze. The solid
separattng on adding the regction mixture to water
crystallised from dilute gcetie gcidy #HoPe 320»250.
Yield 0.3 g. The product was soluble in sodium bicarbonate

so}utiom
A_;mlwﬁ ¢ Fourd $ @, 63098 $ Hy 3.23 %

Cy3HgOy requires : C, 63,93 § H, 3.28 %.

9 9
&og_’gthﬂ_f_ggogg,& 3 oum s -

‘Tl-xe above gcid (0;%5 g2e) was refluxed with
quiroline (5 ml.) ard coppér bronze (1 g.) for 1 hour. The
solution was filtered hot and the filtrate on decomposition
with ice cold hydrochlorie acid gave a product which
crystallised from dilute alechol in yellow wooly needles
(0.2 ge)m.p.186" .,

Amalysis : Found C, 72.33 5 H, #.08 %
C,,Hg03 - requires : C, 72,00 3 H, 4.00 %.

.



1.
26

3.

e
5

6.
7.
8.
9
10,

11.

12,
13.

1k,

15.
16.

, , 129

EREINCE

H.A+Harbzsch and H.Zurcher., Ber., 20, 1328 (1887).

R.Nosﬁx and DeChakravarti., J.Indian Chem.Soc.,

6, 793 (1929).

S.Rangaswami ard T.R.Seshadri., Proc.Indian Acad.Sci.,
64, 112 (1936).

H.G.Biswas., Science and Culture., 2, 225 (1936).

KeNeTrivedi and Se.Sethna., J.Indian Chem.Soc.,

40, 562 (1963).

V.N.Dholakia ard K.N.Trivedi., Chem. and Ind.,

L, 160 (1966). J
N.¥,Shah and R.C.Shah., J.Chem.Soc., 228, 1424 (1938).

D.Be.Limaye and I.Ghate., Rasayanam., 1, 169 (1939).

A.Mustafa,. O.H.Hsihmat, S.M.A.D. #ayed and A.A.Nawar.,
Tetrahedron., 19, lé31 (1963).

N.H.Pardananl, M.G.Parekh and K.N.,Trivedi., J.Indian

Chem.Soc., 47, 36 (1970)«. B

A Mastafa, N.A.Stsrkovsky and E.Zaki‘, J.Crg.Chem.,,
26, 523 (1961).

RoH,Mehta,, Indiagn J.Ghem., 31_&-),, 186 (1965).
D.Chakravarti, R.Das and S.Bhattacharya., sei.Cult.,
36010), 571 (1970). »

Y.A.Shaikh and K.NoTrivedi., J .Indian Chem.Soc.,

4803), 237 (1971).

S.Sethna., Chem.ﬂevs., %9, 91-101 (1951).
D.F. Ghakraborty, A.D.Gupta and P.K.Boss., Ann.Biochem.
Exp. Med., 17, 59 (1957) ; C.A. 52, 1352 (1958).



17,
18.
19.

20,

21.
22.

23.
24

25.
26.

27.

28.

29,

30.

3l.
32.

33.

E.Spath ard M.Pailer., Ber., £8B, 940 (1935).
HoA.Shah ard R.C.Shahe, J.Indian Chem.Soc., }Z, 4¥1(1940),
M.C.Chudgar and NeM.Shahe, J.Univ.of Bombgy.,
13, pte III, pe 15 (1944).
G.Rodighiero and C.Antorello., Ann.Chem.Rome.,
46, 960 (1956).

D.B.Iimgye and D.DgGangal., Rasayanam., 1, 15 (1936). .
N.H.Pardamani, M.G.Parekh-ard K.N.Trivedi., J.Indian
Chem.Soc., 46, 101k (1969).

D.N.Shah and N,M.Shah., J‘.Org.chem., 19, 1938 (19%).
R.H.Mshta ard S.gethna., J.Indian Chem.Soc.,

» 384 (1963).~

R.H.Mshta ., Indian J chem., 3012), 57% (1965). :
ReAreja, S.K.Makerjee and T.R.Seshadri., Tetrahedron.,
4, 256 (1958). ‘
N.H,Pardanani -and K;N.Trivedi., J.Indian chem.Soe.,
48, 339 (1971).

K.D:Kqufman., J.0rg.Chem,, 26, 117 (1961).
K.D.Kaufman, J.FP.W.Keana, R.C.Kelly, D.W.McBride and
G.Slomps, J¢Org.Chem., 27, 2567 (1962).
K.D.Kaufman, W.E.Russey ard L.R.Worden., J.Org.Chem,,
22, 875 (1962),
K.D.Kaufman and W.E.Russey., J. Org Chem., .27, 670(1962).

Y.A.Shaikh and K.N,Trivedi., Current Scierce,,
38, No. 17,409 (1969). - .
K.N.Trivedi and s.Sethma., J.Indian Chem.Scec.,
30, 562 (1963).



.
35.
36.
37.
38.
39
40.

b1
k2.

43,
e

45,

Lé6.

131

V.N.Dholakia ard 'K.N.Trivedi., JeIndian Chem.Soc.,
43(12), 804 (1966).

JeN.Ray , S.C.S1il00ja and V,R.Vaid., J.Chem.Soc.,
813 (1935 ‘
E.Spath, B.L.Manjumath, M,Pailer and H.S.Jois.,
Ber., 69, 1087 (1936).- ,
E.C.Horning and D.De.Reisner., I.Amer Qhem.ooca,

29, 3619 (1914-8)0 '

R.E,Bsse and B.E.Chrisi:ansem, J.0rz.Chen.,
23, 1565 (1960). :

A.V.Goudou and N.Blanchecotte., Comptl.rend., ser,c.,
263(3), 255 (1966).

ReT.Foster, A.Robertson aud A, Bushra., J«Chem.30¢c.,
2254 (19u8) .-

D,B.Limaye and N.R.Sathe., ‘Rasayanam.9 1, 87 (1937).
V.S.Salvi and S.Sethna., J.Indizn Chem.Soc.,

43, ¥39 (1968).

DeB.Limaye., Rasayanam., 1, 1-1% (1936).
L.R.Worden, K.D.Kgufman,, J’.A.We:lz and T.K.Schaaz.,
J.Org.Chem., 3k, 2311 (1969). ‘
Z.A.Shaikh and K.N.Trivedi., J.Indian Ghem.Soc.,
48, 1041 (1971).

S.Tanaka., J.Amer.Chem.Soc., 73, 872 (1951).



