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CHAPTER - 111

SYNTHESIS OF SOMY FURQUOUMARINS AND

SOME COUMAHINQwg- and Y-FPYHONWS
THEQRETICAL

(4) Furocoumarins
As the present work deals with the synthesis of
(4) Furocoumarins and (B) Coumarino~c~- and Y-pyrones some of
the previous work in these fields is briefly revigwed here,
A number of furocoumarins have been isolated from
plants, Psoralene, angeliein, bergapten, xanthotoxin,
pimpinellin, isopimpinellin and oreoselone are a few members

of this group,

T
R Ry R Ry
Psoralene H H Angelicin H H
Xanthotoxin OMe H Pimpinellin OMe OMe
Bergapten H OMe
Isopimpinellin oﬁe Ole

Imperatorin OCHaCH=U(Me)2 H
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OREQSELONE

Some furocoumarins such as bergapten,pimpinellin
and isopimpinellin are very good fish poisons and others
such as psoralene, xanthotoxin, imperatorin and bergapten
are found to be photosensitizing agents which can bring
about pigmentation of the depigmented skin by hastening the
formation of melanin, The discovery of this unique activity
of the furocoumarins stimulated further work in this field
and the structure-zctivity relationship has been studied by
various workers ' . It. has been found that the maximum
photosensitizing activity lies in the parent linear compound
psoralene and the various struct&rally related compounds
have more or less reduced activity, Free phenolic groups -
inactivate the molécule but the methylethers are active, Thus
xanthotoxol and bergaptol are inactive whereas xanthotoxXin
and bergapten are active, However, the dimethylether, iso-
pimpinellin is inactive., A nuclear methyl group at 4,u4!,5'
or 8-position may or may not inhibit the activity, but a

methyl group at the 3-position invariably does so, Introduction
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of a nitro, amino or acetyi-amino»group does not give active
compounds, It was found that the region of activating wave
lengths for photogensitizing action of furocoumarins lies
between 265 and 280 my in the short ultraviolet range and
between 340 and 380 my in the long ultraviolet range. The
fluorescence peaks for these activating wave lengths were
in the region of 420-460 m:%{. Furocoumarins are dimerized
under the influence of irradiation but the dimers are
biologlecally inactive“. A number of other studiess’é such
as isolation of photoregction products from bergapten, and
from the photoreaction of FMV (flavinmononucleotide) and
psoralene have been made but the precise mechanism by which
furocoumarins function in the treatment of leucoderma is
still obscure,

JPurocoumarins such as psoraslene and imperatorin
have also been found to have antifungal activityy.’The
antibiotic actiona, toxicity to fish9 and molluscacidal

10
activity of the furocoumgrins have been studied,

A furocoumarin can be synthesised (4) by building
a furan ring on a sultably substituted coumarin derivative
or (B) by building an o~pyrone ring on an appropriate
benzofuran derivative, Bight isomeric forms of furo-

coumarins (4 to H) are theoretically possible,
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The parent members and derivatives of many of
these types have been synthesised by using one or the otherg
of the above two approached, Some illustratiye examples
are given below s
(4) 1, A very convenient method for the synthesis of a
furocoumarin from g coumgrin derivative is illustrated by
the synthesis of angeliein by Spath and Pailer‘i, 7sHlydroxy-
-8=-formylcoumarin (IV) was condensed with iodoacetic ester

and the product obtained (V) was hydrolysed to the acid and

cyelised in the presence of acetic anhydride to angelicin (VI),

, CHO
N O D HEOOCHEO A
o TCHeCOOC Hg
v b
i Hyelvolysis
il AcoNg + Ac,o
/ 2
Va
N _—

Vi
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Kthyl bromoacetate is generally used instead of
ethyl iodoacetate, This method has been extensively used
by later worker for the synthesis of a number of furocoumarins,
A few examples are given below =

Shah and mflaht2

(5',4 : 5,6)coumarin (VII3) from 5-hydroxy-6-acetyl-3-

synthes;irsed 3! -me thyl-furo-

13
carbethoxycoumarin, Chudgar and Shah = prepared 3',t-di-
‘methylfur o 5! J# @ 5,6)coumarin (VIIb) from 5-hydroxy-6-

acetyl-t-methylcoumarin,

@ /.
R
Hac: NP
Vil
(a) R =H
1

Rodighiero and intonello  applied this method to
the synthesis of xanthotoxin (VIII) from 7-hydroxy-8-methoxy-

~6-formyl coumarin,

Vil
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Limaye and Gangalts synthesised 4,3'~dimethylturo-
(5',4': 7,6) coumarin from 7-hydroxy-6-acetyl-i-methylcoumarin
using the same procedure.‘ _ o .

Trivedi and co—workers.6 héﬁe Eéééntly synéﬁé;iéed
different alkyl psoralenes having alkyl or aryl substituents
in Y-position, 7-Hydroxy-6-acyl~t=alkyl or aryl-8-methyl-
coumarin on condensation with ethyl bromoacetate followed

by hydrolysis and subsequent cyclisation  yielded different
substituted psoralenss (IX),

R = alkyl or aryl

Ry= UH3, .-UzHg, ete,

17
Using the above method, Shah and Shah = synthesised
3! -methyl-furo(5* ,4' : 7,8)coumarin (X) from 7-hydroxy-8-

acetylcoumgrin,
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Mehta and Sethnats synthesised 3'-methyl-furo-
(5%, 4 : 8,7)coumarin (XI) by condensing 8-hydroxy-7-acetyl-
coumarin with ethyl bromoacetate followed by hydrolysis and
eyclisation, |

I‘*iehta"9 has also prepared 3',8-dimethyl-furo-
(5,4 : 7,6)coumarin from 7-hydroxy-6-acetyl-8-methylcoumarin
and 3!,5-dimethyl-furo(5',4' : 7,8)coumarin from 7-hydroxy-8-
acetyl-S~-methylcoumarin,

‘ 20

(2) Seshadri and co-workers have developed an

interesting method for the synthesis of furocoumarins, They

CHLH=CHY \

2 CH,CHO

Ho © 52 O ®
HO <

b A Xih
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systhesised angelicin by subjecting 7-hydroxy-8-allyl=-
coumarin (XII) to ozonolysis and cyclised the 7-hydroxy-
coumarin-8~acetaldehyde (XIII) formed with orthophosphoric
acid,
2%

Pardanani and Trivedi used this method for the
synthesis of 8-methyl-Y-phenyl-furo(5',4' : 7,6)coumarin
from 7-hydroxy-4%-phenyl-8-methylcoumarin-6-acetaldehyde,

20

Following the same procedure, Seshadrli and coworkers

also synthesised psoralene and xanthotoxin,
22
(3) Kaufman has developed a versatile method which

has proved useful in the synthesis of several furocoumarins,

The synthesis of a dimethylpsoralene by this method is given

below ¢~
7-Allyloxy-8-methyleoumarin on Clgisen rearrangemént
. ’ , ci
CHy “ - 3 O /O
e

— H,C HCHC

Ha‘:'-—HCHf 23 =
8¢ By
XV

Xiv

CoHsOH +KOoH

Xvi
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gave 7-hydroxy-6-allyl-8-methylcoumarin (XIV), This was then
acetylated and brominated, The dibromo derivative (XV) was
cyclised to get the psoralene derivative (XVI),

This method was -then extended to the synthesis of
furo-2' ,-dimethyl(5' ;' : 6,5)coumarin (XVII) from 6~hydroxy-

23.
~5-allyl-b-methylcoumarin .

. XVii
R = Cl,BI‘,N(UH3)2

CH3

2y
Kaufman and co-workers. synthesised psoralene

derivative (XVIII) having different groups such as Cl1, Br,
CN and N(CH3)2 in the 8-position using 8-aminopsoralene as

an intermediate product,

25
Kaufman and Bussey  glso synthesised 2'-methyl-

furo(5',4! : 8,7)coumarin (XIX) from 7-allyl-8-hydroxycoumarin
by this method,

C H.S

XiX
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26
Shgikh and Trivedi  recently synthesised 2'-methyl-

furo(5' 4 'z 3,%)coumarin (XXI1) from 3-~hydroxycoumarin,
3-Hydroxycoumarin was allylated and the allyloxycoumarin
on Claisen rearrangement afforded 3-hydroxy-t-allylcoumarin
(XX) which was cyclised by treatment with concentrated
sulphuric acid, The dihydrofurocoumarin (XXI) dehydrogenated
with » palladised charcoal to 2'-methyl-furo(5t,4' : 3,4)-

coumarin (XXII),

O, /.

Hg 304 .
V4
OH
XK
CH,
MR
‘ 29
(W) Trivedi and Sethna  synthesised 3'-methyl-furo-

-(5' 4 : 5,6)coumarin (XXVII) using a different approach.
The coumarino-a-pyrone (XXIV) obtained from 7-hydroxy-i-
methyleoumarin (XXIII) was brominated and the 3-bromo
derivative (X¥XV) obtained was treated with alcoholic
potassium hydroxide and the acid (XXVI) decarboxylated,



O O
Ho & L
Malic acid .
CHy ’
KK
B’&a_
v
< KOH 7~
\ / By
CH3
KAV

KXt '

28
Dholakia and Trivedi  applied this method to
the synthesis of furo-(5',4% : 4,3)coumarin (XXVIII)

starting from Y~hydroxycoumarin,



XXVt

. 29
Ray, Silooja and Vaid ~ prepared 3-methylpsoralene
(XXX) by the cyelisation of 7-acetonyloxycoumarin (XXIX)
with sodium ethoxide,

O O ® O
Ho e l-kcoc Haco <

XRX
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(B) " A few examples of the other approach viz, building
up c-pyroune ring on a substituted benzofuran derivative
may now be cited,

Spath et al.30 carried out the condensation of
6-nydroxy-2,3-dihydro-benzofuran (XXXI) with mélic acid in
the presence of sulphuric acid and obtained 2,3-dihydro-

psoralene (XXXII) which was dehydrogenated to psoralene

(XXXIIT),
H
© Malic aad 5
H_QSOQ
XX K KK XA

—Hy

RAXI

3t
Later, Horning and Keisner prepared different
2,3-dihydropsoralenes by condensing 6;acetoxya2,3—dihydr0a
bengofuran with a variety of g-ketonic esters in the
32
presence of sulpmuric acid, Ease and Christensen have

extended this reaction to obtain 6-alkyl-2,3-dihydro-5-
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methylpsoralene by condensing appropriate a-alkyl-B-
ketonic ester with 6-acetoxy-2,3-dihydrobenzofuran,

Goudau and Blanchecott e3 3 synthesised 4-hydroxy-
-~3-phenylpsoralene (XXXIV) from 6-hydroxy-2,3-dihydrobenzo-

furan.,

H
° PheHCeooCats) 2N

Phy0

- Ha

KEKNW

Foster et a1.3}+ synthesised psoralene by first
subjecting 6-hydroxy-2,3-dihydrobenzofuran to Gattermann
formylation and then condensing the 5-formyl derivative
(XXXV) with cyanoacetic acid under the conditions of
Knoevenagel reaction. The acid obtained (XXXVI) was

decarboxylated and dehydrogenated to psoralene,
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O

CNCHLCo0H

<o

KARKYV

Limaye and Sathe35 subjected 6-hydroxy-7-acetyl-
-3~-methylbenzofuran (XXXVII) to Kostanecki-Hebinson
acetylation and obtained furo-3',4-dimethyl(5',4 : 5,6)~
coumarin (XXXVIII) in poor yield along with furo-2,3'-di-
methyl-(5*, ¢ 5,6)chromone (XXXIX),

coCH,
O
e '
XX XVl
K.R. Acafiﬂahon CHg
ne
H3C‘- P

XK XV WEKXKIEX
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36
Salvi and Sethna  synthesised 2'-carbmethoxy-3'-
methylfuro-(5',4' : 5,6)coumarin (XLI) from methyl-6-
hyﬁroxyb7—formy1—3-methylcbumarilate (XL) by Perkin

acetylation,
CHO
pooc” o coocr
ho RcoNa + Acd H
3 . HSQ\
XL ¥l

They also prepared 3'=-methylfuro(5',4 : §,5)~
coumarin (XLII) from methyl-Y-formyl-5-hydroxy-3-methyl~

i
coumarilate by Knoevenagel reactionLﬁiethyl malonate,

CHSK XL

4

Limayes7 synthesised angeliein by preparing
L4_hydroxy-5-formylbenzofuran from Y4-hydroxybenzofuran and
then subjecting it to Perkin reaction,
necently Kaufman and co-workers38 have developed
a new synthetic routé to synthesise psoralene as follows :
Bromination of ethyl(2«formyl+~5-methoxyphenoxy)=
acetate gave the 4~bromo deriffative (XLIII) which was

saponified and simultaneously cyclised and decarboxylated
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to S5-bromo-b-methoxybenzofuran (XLIV), Lithium bromide
interchange and then formylatioﬁ and demethylation gave
5-formyl-6-hydroxybenzofuran (XLV) which was condensed
with diethylmalonate to furnish psoralene after hydrolysis

and decarboxylation of the condensation product,

1 NQOH

By CHO ii AcoNa+ fAcd B

KLiv

XLl

i Liky
i po‘;m\]‘ﬁk On
t ’])eme\Ts\/la'HOn

@
i ’Knoevanaga‘ OHe

i Hyol‘mfysis

. . 39
Shaikh and Irivedi” " have synthesised Y~hydroxy-
~furo(5',W : 5,6)coumarin (XLVIE)by the action .of sodium
and ethyl carbonate on 6-hydroxy-7-acetylbenzofuren, Through
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a similar procedure the furocoumarins (XLVIb and ¢) were
synthesised from 6-hydroxy-7-acetyl-3~methylbenzofuran and

6-hydroxy-7-propionyl-3-methylbenzofuran,

d

XLVE (a) B = Ry =Rz

(b) & = CHy3 Ry =Rz = H

(ey R

Ry = CHay Ry = H

As the furocoumarins of some of the types (U),
(D) and (E) discussed above with methyl groups in the
benzeneold part are not known it was thought of interest

to synthesise then,

Synthesis of 4,7,3'-trimethylfuro(5',4! : 5, 6)coumarin

f~Ace tyl-S-hydroxy-t,7-dimethylcoumarin (XLVII) was
prepared by the Fpiedel-Crafts acetylation of the known
5-hydroxy-i,7-dimethylcoumarin witﬁ aluminium chloride and
acetyl chloride according to Thakor and‘Parikhuo, Tnis on
condensation with ethyl bromoacetate in dry acetone in the
presence of anhydrous potassium carbonate gave 5-hydroxy-6-
acetyl-5=-carbethoxymethoxy-lt,7-dimethyleoumarin (XLVIII),
which was insoluble in alkali, This ester was hydrolysed
with 1q % sodium hydroxide solution to 6-acetyl-5-carboxy- '
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wmethoxy-t, 7-d imethyl coumarin (XLIX), Thecacid;on heating
k ve

with sodium acetgte and acetic anhydride Aon simltaneous

cyclisation and decarboxylation, 4,7,3'-trimethylfuro-.
(5',4 ¢ 5,6)coumarin (L),

O O
l-‘faC / t..‘gc @, "
&EQHQCOOQQHQ‘ .
Hsccc. g i&coc
OH  Ciy HEOOCHES e
XLV KLV
Hydvolysis
\é’c ON O
AcoNa+ AcyO
“-H':SCOC
C Y
HOO l"!{lo ('HS
XLix

Synthesis of 7-methylfuro(5' 4! s 5,6)coumarin

[

6«-Hydroxy~7-methylcoumarin‘ obtained from
2-methylhydroquinone by condensation with ethyl acetoacetate
according to Desal and IVIavaniM , on formylation with hexamine
and acetic acid gave 7-methyl=-é-~hydroxy~-S-formylcoumarin (LI).
This was condensed with ethyl bromozcetate in acetone in
the presence of anhydrous potassium carbonate, 7-Methyl-6-
carbethoxymethoxy-5-formylcoumarin (LII), thus obtained,

was hydrolysed by acetic acid and hydrochloric acid to



O O

He e

3

HO

O

He "'

HOOC HLO
CHO
Lin
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0
Hexgmine . y!f’ ~
Acetic acid Ho
CHO
Lt
6'30.8,_600(:2 He-
9 0
¢ Hj""m)z&is He /
HS_CJOOC Hac O
CHO
L

Liv '
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7-methyl-6~carboxymethoxy—-5-formylcoumarin (LIII), This
acld on eyclisation with sodium acetate gave 7-methylfuro-
(5' 4 : &,5)coumarin (LIV),

Furocoumarin of the type (E) has been synthesised
by Kaufman et al.‘+2 through the following sequence of
reactions t=

¢-Hydr oxy-S-n-propyl-#-methyl coumarin {LV) was
allylated and the allyl ether (LVI) on Claisen rearrangement
gave 7-allyl-6-hydroxy-5-n~propyl-t-methylcoumarin (LVII),
This on ozonolysis and heating with o-phosphoric acid gave

Y~methyl-5-n-propyl-furo(5' ,4' : 6,7)coumarin (LVIII),

Aliyl byomide
Qf::uceg;o

C3Hy  CHg

Lv Lvi

CsH 7 C.H3

Lvit Lvit
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21 ,4-Dimethyl-furo(5' 4 : 6,7)coumarin LIX) was
synthesised by the above authors from S-hydroxy-2-methyl-
2,3~dihydrobenzofuran by Pechmann reaction with ethyl aceto-

acetate and subsequent dehydrogenation,

o

PN
td

I 1 .

e [ CHICOLHL00C, He
' +

HRSO(!

W Hy Lix

43
Jainamma and Sethna  synthesided 4-methylfuro-

(5,4t : 6,7)coumarin (LXIV) as follows :~

7-Formyl-t-methyl coumarin (LX) prepared from
7-bromome thyl-+-methyleoumarin (LXI), on Elbs persulphate
oxidation gave 6~hydroxy-7-formyl-t-methylcoumarin (LXII),
On condensation with ethyl bromoacetate it gave the 6-carb-
ethoxy derivative (LXIII), The acid obtained on hydrolysis
of this was cyelised and decarboxylated to get Y-methylfuro-
(5,4 : 6,7)coumarin (IXIV),

Their attempt to synthesise the parent compound
furé-(5‘,k' : 6,7)coumarin from 6-hydroxy-7-formylcoumarin
by a similar process, however, did not succeed as the
intermediate 6~carbethoxy derivative on hydrolysis gave a

polymerie product,



O O cHe O
‘BWQC 2 Hexamine 2

Acetic acid

cﬂs CH3

LXi LX

k,'Zs;_Os + NaoH

OHe =  BrcHae00¢ He one =
HcoocHgo A ' HO
CHy , . CHy
1 Hydhrolysis
“Lxin il Acana+ Ac0 L

LXIV

Attempted synthesis of S-methylfuro(5',4':6,7)coumarin (LXVIII)

With a view to synthesise the linear furocoumgrin
.1, S-methyl-é-hydroxy-7-formylceoumarin (LXV) prepared
as deseribed in Chapter I (p.53) was condensed with ethyl
bromoacetate in acetone in the presence of anhydrous
potassium carbonate, 5-Methyl-6&~carbethoxymethoxy-7-formyl-
coumarin (LXVI) thus obtained was hydrolysed by keeping it
with 5 % sodium hydroxide solution for 20 hours to the
corresponding acid (ILXVII), This acid on heating with sodium
acetate and acetic anhydride underwent cyclisation to give
a product wii ch was insocluble in sodium bicarbonate solution

but could not be purified because of its very poor yield,



@, 3
OHC & ByCHyco0GHy  OHE
Ho HGO0CHC O
Cilg
Lxv vt
B Y dvo L{S‘% S
A oHC ONL
,AcoNa—+/Acs0
- /
HooCHCO
2
CHy
Lyvit Lxwvit

Coumarino~-oa-pyrones

Several workers have synthesised a number of

coumarino-u-pyrones starting with hydroxycoumarins, & few

=‘

exgmples are given below

18"
Hantzsch and Zurcher synthesised coumarino-g-

pyrones (IXIX) and (LXX) by the Pechmann condensation of

resorcinol and phloroglueinol with ethyl acetoacetate,



CS§3

Lxix

Sen and il“hla]t«:r.ewz;rt::lu.5 condensed 7-hydroxy- and
7-hydroxy-i-methylcoumarin with malic acid in the presence
of sulphuric acid and obtained coumarino-(7,8 : 6',5')-c~
pyrone (LXXIa) and Y4-metbylcoumarino{(7,8 : 63} 5')=-a~pyrone

(LXXb) respectively,

Lrx Lxxti

(a) R = H
Similar condensationswere carried out by the above

authors with 7,8-dihydroxy-t-methyl-,7,8-dihydroxy~, 5-hydroxy-
-7-methyl- and 5~hydroxy~1+,7-dimeth:§r1 coumarin and they
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obtained coumarinc-a-pyrone derivatives, the structures
of which were not established, Hangaswami and Sesshaclr:‘,m6
reported the formation of both the angular (LXX3) and the
linear (IXXII) coumarino-c-pyrone derivatives in the
condengation of 7-hydroxycoumarin with malic acid, the latter
being obtained in poor yield, Under the same experimental
conditions 7-hydroxy-t-methylecoumarin gives only the angular
coumarino-a-pyrone (ILXXIb), The structure of (LXXIa) was
established by its synthesis from 7-hydroxy-8-formylcoumarin
by Perkin reaction. In g similar way, the constitution of
(LXXIb) was also established,

Biswasl+7 synthesised 3-chloro-Y-methylcoumarino-
(7,8 6',5')-a;pyrone, 7-methyl-3-chloro-4-methylcoumarino-
(5,6
(7,6

methyl-7-hydroxy-, 3-chloro-5-hydroxy-4,7-dimethyl- and

6! ,5')~a-pyrone and 8-hydroxy-3-chloro-4-methylcoumarino-

[1}

6',5')~a-pyrone by the condensation of 3-c¢hloro-li-

3—chloro-4-methy1«7,8—dihydroxyqoumarin respectively, with
mglic geid in the presence of sulphuric acid,
Trivedi and Sethnaka prepared 3,4-dimethylcoumarino-

(7,8 ¢ 6',5')~c-pyrone and 3,%,7-trimethylcoumarino-(5,6 : 6',5')-
~a=-pyrone by the condensation of 7-hydroxy-3,4-dimethylecumarin
and 5-hydroxy-3,4,7-trimethylcoumarin with maliec acid,
Similarly 8-hydroxy-3,4-dimethyleoumarino-(7,6 : 6',5')~a~

-pyrone and 3-bromo-i-methyl-S-hydroxycoumarino(7,6 : 6!,5')-
-o-pyrone were also synthesiseé from 7,8-dihydroxy-3,4~di-
methylcoumarin', 7-hydroxy-3~bromo-4-methylcoumarin and
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7,8-dihydroxy=3-bromo-t-me thylcoumarin respectively, They
established the structures by Perkin acetylation of the
corresponding formylated coumarin derivatives,

. Dholakia and ‘I.‘):‘fwed‘i“9 recently synthesised
coumarino-e=-pyrone (LXXIV) from Y-hydroxycoumarin (LXXIII)

by the Pechmann condensation with malic acid,

@ /.

GH

X

Similarly, 7-methoxy—8«methy1-h’-methylcoumarino-H
(4,3 ¢ 6',5')~c-pyrone and b-methylcoumarino-(4,3 : 6',5')-a-~
;pyrone were also synthesised from 7-methoxy-8-methyl-l-
hydroxy~ and 6-methyl-t-hydroxycoumarin respectively.

Shah and co—workersso carried out Kostanecki-
Robinson acylation of S-hydroxy-6-acylcoumgrin (LXXV) gnd
obtained coumarino-o~-pyrone (IXXVI) and coumarino-Y-pyrone

(LXXVII),

51
Mastafa and co-workers carried out Kostanecki-

Hobinson acetylation on 4~hydroxy-3-benzoyleoumarin (ILXXVIII)
and obtained 4'-phenylcoumarino~{l#,3 : 6',5')-a-pyrone (IXXIX),
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@ /Q
Ro¢
aYa GH3
-R. Acylalion
LA ' R

LXXVI

R = alkyl or aryl

Y.Hydroxycoumarin on Pechmann condensation with ethyl aceto~

acetate yielded 4!-methylcoumarino~(4,3 : 6',5')-c-pyrone,

v

LXXVily LXxix
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. 52
Tpivedi and co~workers  synthesised t-methyl-%'-

phenyleoumarino~(7,6 ¢ 6',5')~c-pyrone (IXXXI) by carrying
out Kostanecki-Hobinson acetylation of 7-hydroxy-6-benzoyl-

4, 8~dimethylcoumarin (LEXK). The structure of this coumarino~

-g~pyrone was established by | spectral data,

Lo xy

LXXX

Similarly they prepared 4,8-dimethyl-%'-phenyl-
coumarino-(7,6 : 6',5')-c~pyrone from 7-hydr oxy-6~benzoyl-
4,8-dimethylcoumarin, Mistafa, Starkovsky and Za"kig3
prepared S-methoxycoumarino-(7,6 : 6',5')-c-pyrone (LXXXIII)
by Perkin acetylation of 5~methoxy~7»hydfoxy~6-formylcoumarin
- (LEXLIT),

\l

OcHy

LAX %1 L yseadtit

5%
Mehta carried out Perkin acetylation and

Knoevenagel reaction on 8-hydroxy-7-formylcoumarin (LXXXIV)
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6,5")-c-pyrone (LXKXV) and
6',5' )=o-pyrone .(LXLLVI),

(2]

and obtained coumarino-(8,7

3! —carbethoxycoumarino-{ 8,7

Ll

OHe

LX X%V
Acona+ ACD CHCCoO0CHg ),

L% Xy Lxxxvi

Chakravarti and co-workers >3 condensed 7-hydroxy-
~8~formyl-t-methyl- and 6-hydroxy-5-formyl-'t-methylcoumarin
with glycine apd obtained 3'-acetamido-l-methylcoumarino-
(7,8 3 6',5')=c~pyrone ((LXXXVIII)and 4-methyl-3!-acetamido-
coumarino-{6,5 ¢ 6',5')=c-pyrone (LXXXIX),

. 56
Shaikh and Trivedi synthesised 3'-acetamido-

coumarino-{7,8 : 6',5')-c-pyrone, 4-methyl-3*'-acetamido~



130

NHAC

LXRKIK

LX xXvil

coumarino-~{7,8 : 6',5")=c~-pyrone and 4-methyl-8~hydroxy-3'-
acetamidocoumarino-(7,6 :6',5')-a-pyrone through a similar
procedure,

The present work deals withf;;nthesis of linear
and angular isomers of coumarino—a—pyroﬁe with a methyl

group at 7- or S5-position respectively,

Synthesis of Z:metgglcoumarino—géag;ixg;ﬁng:E:gzgggg
7~Methy1—6-hydroxy~Shformylcouﬁarin described
earlier was subjected to Perkin acetylation with acetic
anhydride and fused sodium acetate, when a product was
obtained whieh was insoluble in sodium hyd;oxide solution
and so was assigned the structure 7-methylcoumarinos

- 6,:55 : 6,5 )=capyrone (XC),

Peskin ve ach on

Ho
CHO




Synthesis_of 5-methylcoumarino(6,7 : 6" ,5')-c-pyrone

5-Methy1~6uﬁydroxy-7~formy1coumarin obtained as
deseribed earlier (p.53), on Perkin acetylation gave a
product which was insolﬁble in sodium hydroxide and it was
assigned the structure S-methylcoumarino(f,7 : 6',5')-g-

pyrone (XCI),

O O
OHC 2

(ﬁex Kin weo.c‘fioh\
HO 7

CH3

XCi

Coumarino-Y-pyrones

A number of methods are avaiiable for the synthesis
of Y-pyrone derivatives, In the present work three methods
mentioned below have been used 3=

{1) The Chalkone method which consists in the
condensation of a formylcoumarin with suitably substituted
o-hydroxyphenyl ketone to give a chalkone which is cyclised
into a phenyl-Y-pyrone by the treatment with iso-amyl alcohol
or conc, sulphuric acid, (2) ?} Baker-Venkataraman
transformation of an o-benzoyloxy acetophenone and the
cyclisation of the B-diketone thus obtained and (3) Kostanecki-
Kobinson acylation of an o-hydroxy-acetyl derivatime with

the appropriate acid anhydride and its sodium salt, This
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method has been extensively used for the synthesis of various
2-phenylcoumarino~Y«~pyrones,

The formation of a mixture of a-pyrone and Y-pyrone
and the 3'=acetyl- or bengoyl derivatlive of the latter is a
common feature observed in Kostanecki-Hobinson acylation,

Limaye and Ghate57 obtained 4!'-dimethyl-8-ethyl-
coumarino(7,6 s 6',5')-a-pyrone and 2!,4-dimethyl-8-ethyl-
-3' ~gcetylcoumarino~Y~pyrone from 7-hydroxy-8-ethyl-b6-acetyl-
“Y~methylcoumarin by Kostanecki-Robinson acetylation,
' 154(»3hta§8 prepared 2'-phenyl-3!-benzoylcoumarino-
(8,7 ¢ 6',5')~y=pyrone (XCII) from 8~-hydroxy-7-acetylcoumarin
and 2!'-phenyl-3'-~benzoyl-5-methylcoumarino(7,8 : 6',5' )<Y~
pyrone (XCIII) from 7-hydroxy-8-acetyl-S-methylcoumarin by
Kos tanecki-Robinson benzoylation,

XCit

Xciti

Synthesis_of 2'-phenyl-4,7-dimethylcoumarino~

(236.1.6123")=Y-oyrone
The 5-hydroxy~-6-acetyl-l,7-dimethylcoumarin was

. benzoylated and the benzoyl derivative (XCIV) was subjected
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to Baker-Venkataraman transformation with solid potassium
hydroxide in pyridine to get 3-diketone but it directly
gave a ¢yclised product which was found to be 2'-phenyl-
~tg7~dime thylcoumarine(5,6 : 6',5')-yY-pyrone (XCV),

O 9
@ O
hze < : Hc 2
Bengoylation
“§ oc 11?60“-
on G HGoCo Chs
wCwV

Synthesis of 3'-acetyl-2' Y4, 7-trimethylcoumarino-
(5,6 2 6',5')~Y~pyrone
5-Hydr oxy-6-acetyl-it, 7-dime thylcoumarin was

subjected to Kostanecki-Robinson acetylation when a product
insoluble in alkali was obtained, On the basis of the

analysis and the previous work in this fie2d the 3'-acetyl-

-2! 4, 7-trimethylcoumarino(5,6 s 6',5')~Y-pyrone structure(XCVI)
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has been assigned tot his product, Attempts to deacetylate
it by heating with alcoholic¢ potassium hydroxide did not

succeed,
O ()
& .
He k.R. Acclylation §
Hpoc
OH CH&

XCVi

Attempted@ synthesis of 2!',4,7-trimethylcoumarino-
{3,862 61-5L)-Y-pyrone

Phenols are known to condense with B-keton=~

esteré either on prolonged heating at high temperature or
on refluxing in a high boiling solvent to give chromone359,
5-Hydroxy-'t,7-dimethylcoumarin was. therefore., refluxed
with ethyl acetoacetate in diphenyl etheg for 6 hours, On
removal of the solvent a product was obtained which was
found to be insoluble in alkali, lts analysis, however, did

“The
not agree with that of/desired 2',4,7-trimethylcoumarino-
(5,6 :+ 6',5')=Y-pyrone (XCVII),

O ()
He &
CHaCOCH CO0G He /

Diphenyl ethey 7‘”

GH C’i‘{g
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6-Acetyl-5-carbethoxymethoxy-t,7-dime thyl coumarin (XLVIII) -

6-Acetyl-5-hydroxy-'t, 7-dimethyl coumsrin (1 0 g.)
was refluxed with ethylbromoacetate (0.5 g.) and anhydrous
potassium carbonate (5,0 g,) in dry acetone on a steam bath

for 2 hr, The product obtained on removal of the acetone -
| and on addition of water was erystallised from alecohol,
M,p. 180°, Yield 0.7 g.
inglysis : Found : C, 64,60 ; H, 5,52 %
Ci17Hy80¢ @ requires U;‘64.15 ; Hy 5.66 4%,

ae

6-scetyl-5-carboxymethyl-4, 7-dimethylcoumarin (XLIX) =
The above ester (1,5 g.) was heated on a steam
bath for 15 min, with 5 4 sodium hydroxide solution and then

kept overnight, The solid obtained on acidification was

purified by sodium carbonate,

4,7,3' =Irimethyl furo(5' 1t ¢ 5,6)coumaria (L)

ANSEN

The above acid was directly refluxed on a wire
gauze with freshly fused sodium acetate (3.0 g.) and acetic
anhydride (10 ml,) for 4 hr, The product obtained on pouring
the reaction mixture in water crystallised from dilute alecohol.
M,p, 235°, IR 4in nujol : 1720 em,' ( § lactone); 870 cm>!
(furen ring breathing). UV in methanol : A\ max 250 nmj 300 nm,
Analysis : Found G, 73.82 H, 5,02 %
C42Hy203 . requires : C, 73,68 Hy, 5,26 4.

-0

~e

-



7-Me thyl-6~hydroxy=-5-formylcoumarin (LI)

A mixture of 7-methyl-6-hydroxycoumarin (1.0 g.)
and hexamine (3.0 g.) in glacial acetic acid (50 ml,) was
refluxed for 30 min, Hydrochloric acid (20 ml, j; 1:1) was

~ then added and heating continued for further 10 min, The
,reaction mixture was then added to cold water and the
product obtained crystallised from acetic acid in pale
yellow needles, (0,8 g.), m.p. 246°, IR in nujol :-
1745 cm,! (CHO) ; 1655 emy'! (J 1lactone),

H, 4,07 %

g, 3.92 %,

-

dnalysis ¢ Found : G, 65,01

Cy1HgOy  requires : C, 64,70

-

7=Yethyl-6-carbethoxyme thoxy-5-formylcoumarin (LII)

A solution of 7-methyl-b6-hydroxy-S-formylcoumarin
(1,0 g.) in dry acetone was refluxed with anhydrous potassium
carbonate (3,0 g.) and ethyl bromoacetate (3 ml,) on a steam
b;th for 3 hr, The solid obtained on removal of acetone was
treated with water, The separated product crystallised from
benzene-petrolenm ether in white needles (1,0-g,), m,p., 185°,
Anaglvsis @ Found s C, 62,34 5 H, 4,65 4%
Cy5Hy506 requires : G, 61,92 3 H, 5.15 4,

7=Me thyl-6-carboxyme thoxy-5-formylcoumarin (LIII) :

The above ester (1,0 g.) was dissolved in acetic
acid (20 ml,) and hydroehlorie aeid (20 ml,) was then added
and the mixture was refluxed for 4 hr., The solid obtained

on dilution with water was treated with sodium bicarbonate
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solution which on acidification with hydrochloric acid
afforded a product which crystallised from alecohol in
clusters of needles (O.S‘g.), m.p. 255° (effer.).
Analysis : Found 3 C, 59,27 ; H, 3.59 %

Cy3E1006 Tequires :’C{ 59.5% 3 H, 3.82 4%,

7=Methyl-furo(5f 4! : €,5) coumarin_ (LIV) :

The sbove acid (0,8 g.) was refluxed with sodium
acetate (2,0 g,) and acetic anhydride (20 ml,) for 3 hr,
' The product obtained by dilution of the reaction mixture
with water was insoluble in sodium bicarbonate, It then
erystallised from alcohol in small needles (0.5 g.),m.,p.
208°, IR in nujol : 1720 cm.' (§ 1lactone) j 865 cm.'
(furan ring breathing),UV in methanol : A\ max 318 nm,
Adnalysis : Found : G, 71,62 5 Hy 4,10 %
Cy2Hg0y requires s C, 72,00 3 H, 4,00 4.

5-Me thyl-6=-carbomethoxy-7-formyleoumarin (LXVI)

A solutioh of 5-methyl-6-hydrggy-7-formylcoumarin
(1.0 g,) in dry acetone was refluxed with anhydrous potassium
carbonate (3.0 g,) and ethyl bromoacetate (3 ml,) on a steam
bath until the solution became colourless. The solid obtained
on removal of acetone was treated with water, The separated
product crystallised from acetié acié. M.p; 156°, Yield 0,6 g,
Analysis : Found : C, 62,01 5 H, 4,73 %
C15Hyu0y requires ¢ C, 62,07 5 H, 4,83 4%,
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j;yéthy1~6~carboxymethoxy~7—formzlcoumgr1n (LXVII)

The above ester (0.5 g.) was mixed with sodium
hydroxide solution (15 ml.; 10 %) and kept for 24 hr, This
was then diluted and acidified, The separated solid was
extracted with sodium bicarbonate solution and the bicarbonate
extract on acidification afforded the acid which erystallised
from acetic acid, M,p. 202°, The analysis agreed with

molecule of water,

a0

Analysis : Found ¢, 56,25 3 H, 4,27 %
Cy3H1006.,H20 requires : C, 55,71 5 H, +,29 %,

Attempted synthesis of 5-methylfuro(5! W' : 6,7)coumarin :

The above acid (0.2 g.) was heated with fused
sodium acetate and acetic anhydride in an oil bath at 170-80°
for 8 hr, After pouring the reaction mixture in water a product
was obtained whieh was insoluble in sodium bicarbonate,
Because of the low yield it could not be purified either by
c?ystallisation or by'chrématograbhy.

7-Methylecoumarino(6,5 s 6',5')-o=pyrone (XC) :

———.

6~Hydr oxy-~7-me thyl=-5~formylcoumarin (1,0 g,) was
refluxed with sodium acetate (2,5 g.) and acetie anhydride
(20 ml,) at 170-80° for 4 hr, The reaction mixture was
poured in water and the solid obtained was washed with
sodium bicarbonate solution and then distilled water, It
erystallised from aleohol in short thick needles (0,6 g.),
m.p. 290°,



Analysis : Found : C, 68.58 5 H, 3.71 %

Cy3HgOu requires : C, 68,49 3 H, 3.50 7%,

5-Mothylooumarino(6,9 : 6',%')~e-nyrone (XCI) ¢

7-Formyl-6~hydroxy-5~methylcoumarin (0.5 g.)
prepared as before (P.53 ) was heated with sodium acetate
(1.5 g.) and acetic anhydride (10 ml,) in an oill bath at
170-80° for 12 hr, The reaction mixture was poured in water,
The product separated was washed with sodium bicarbonate
and then water, It separated from dilute acetic acid as fine
powder (0,2 g,), m.p.ﬁa‘loo"

C, 67,97 5 Hy 3.7% 5%
Cy3Hgly requires 3 U, 68,49 5 H, 3.50 %,

Analysis : Found

*.

6-Acetyl-5~benzyloxy-4, 7-dimethylcoumarin (XCIV) :

6~Acety1—5;hydroxyb4,7~diﬁethy1coumarin (1.0 gJ)
was refluxed with benzoyl chloride (0.5 g.) and anhydrous
potassium carbonate (4,0 g.) in dry acetone for 6 hr. The
solid obtained on removal of acetone was washed with water
and crystallised from dilute alcohol., M,p. 185°, Yield 0.7 g.
Analysis : Found s G, 71,50 5 H, 4,62 %

U2gHy605 : requires s U, 71,44 ; H, 4,76 3,

Synthesis of 2!-phenyl-l,7-dimethylceumarino(5,6 3 @ligt)

¥epyrone by Baker-Venkataraman transformation (XCV)

"4 solution of the above benzo¥yloxy derivative
(1.5 g.) in pyridine was mixed with powdered potassium
hydroxide (10,0 g,)., After keeping the reactiocn mixture at
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¥oom temperature overnight, hydrochleric acid (1:1) in
ice-cold water was added, The product separated was
insoluble in sodium hydroxide and was found to be 2'~phenyl
~ty7-dimethyl-yY=-pyrono(6',5' : 5,6)coumarin, The intermediate
é-benzoylacetyl-5-hydr oxy-lt,7-dime thyl coumarin could not be
isolated, M,p, 275°, It was cfystaliised from acetic acid,
fnalysis & Found : C, 75,02 5 H, 3.96 % |

C2 oHyy 0y requires : U, 75.+ § H, 4. 40 7%,

IR in nujol 1740 em, (J& 1lactone) § 1645 cm, ¢(ypyrone),

3! ~hcetyl~2' 4, 7-trimethylcoumarino(5,6 : 6',5')=Y=pyrone (XCVI) :

S-Hydroxy-é-acetyi-h,ﬁ-dimethylcoumarin (1.0 g.)
was heated with fused sodium acetate (3,0 g.) and acetic
anhydride (20 ml,) in an oil bath at 180-90° for 12 hr, The
solid obtained on dilution of the mixture wlth water was
washed with sodium bicarbonate solution, It crystallised
from glacial acetic acid in tiny needles (0.5 g.), m.p. 272°,
Anglysis 2 Found C, 68,62 ;3 H, 41,69 %

CypHy 05  requires : C, 69.30 ; Hy 4,69 %,

e

Attempted deacetylation

‘ The above coumarin (0,5 g.) was refluxed with
alcoholic potassium hydroxide solution (10 % ; 10 ml,) for
2 hr, The product obtained on acidification of the reaction
mixture crystallised from dilute acetic geid into needles,
M,p, 272°, Mixed m,p. with the original chromonylcoumarin

was not depressed,
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Attempted synthesis of 2', ., 7-trimethylcoumaring(5,6 : 6',5')~

Zfzpyrome  (XCVID) =

A solution of 5-hydroxy-it,7-dimethylcoumarin
(1.0 g,) in dipbenyl ether (10 ml,) was refluxed with ethyl
acetoacetate (1,0 g,) for 8 hr, The product obtained on

removal of the solvent was the original coumarin,
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