CHAPTER IIY

SYNTHESES OF COUMARINQ-g-PYRONES AND FUROCOUMARINS




/
Synthesés of coumarino-g-nyrones and furocoumarins :

The bengo-a~-pyrones or coumarins and the
2-phenylbenzo-Y-pyrones or flavones are found in nature
in abundance., The a-and ¥Y-pyrone derivatives have also
gained importance in recent years because of their
important physiological properties., Recently they have
been found to have coronary dilating actiVity'. Hantzseh
and Zurcher2 condensed resorcinol and phloroglucinol
with 2 and 3 moles of ethyl acetoacetate in the presence
of sulphuric acid and obtained coumaiino—a—pyrones (1)

and (2) respectively,in poor yields.

v (2)

Sen and Chakravarti3 condensed umbelliferone,
Y_methylumbelliferone, daphnetin, Y-methyldaphnetin,
homoumbelliferone and Y-methylumbelliferone with malie
seid in the presence of sulphuric acid and obtained
coumarino-7,8-a-pyrone (3a), 4-methylcoumarino-7,8-c-
pyrone (3b), 8-hydroxycoumarino-7,6-g-pyrone (l4a),
Y.methyl-8-hydroxycoumarino-7,6-e-pyrone (4b),7-methyl-
counarino-5, 6-o-pyrone {5a) and 4,7-dimethylcoumarino-

) K.
5,6-a-pyrone (5b) respectively, ( prge 5% for detail discuss o)
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Biswasg condensed 7-hydroxy-3-chloro-l-methyl-,
5= hy AL O XY 3 chlﬁro-’«f y7-dimethyl-, and 7,8-dihydroxy-3-
ehloro-lt-methyleounarin with melic acid and obtained
the 3-chloro-'t-methylcoumarine-7,8-a-pyrone (8),
3-chloro-'+, 7-dimethylecounar ino-5, 6- a~pyrone (9) and
3-chloro-t-methyl-8-hydroxycounarino~7, f-a-pyrone (10)

respectively,
H3

(10)
6
Shah and coworkers synthesised several

coumarino-g-pyrones (11) and coumarino-Y-pyrones (12) by
subjecting S-hydroxy-6-acyleoumarins (13) to Kostanecki-

Robinson acylation,

K.R. .
Gc:e}riah‘oy) 4

(13) 11
R=Aikyl or avyb , gg\,g A)ryl
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Shah and Contractor7 carried out the
Kostanecki~-Robinson acylation of 7-hydroxy-8-propionyl
(i%a) and 7-hydroxy-8-butyryleouwmarin (14b) and
assigned the h'_ethﬁlcoumarino~7,8-a~pyrone (152) and

Yi_propyleounarino-7,8-a-pyrone (15b) structures to

the products obtained.

(&) R=zCyHg
(b) R= CgH7 (6) R=CH¢
(b) R= GgHy
N . :
Limaye and Ghateé obtained Y,4'-dimethyl-8-
ethylecoumarino-7,6-o-pyrone (16) and 2! ,4-dimethyl-8-
ethyl-3t-acetylcoumarino-Y-pyrone (17) from 7-hydroxy-

8-ethyl-b-acetyl-t-methylcoumarin (18) by Kostanecki-

Robinson acetylation,

N
L




9
Mustafa, Starkovsky and Zaki prepared
5-methoxycoumarino-7,6-g=pyrone (19) by Perkin

acebtylation of apoxanthoxyletin (20).

CH3 OCH
OHC AN = N
Peo‘kl
HO acef,l«hm}

(20) (19)

Trivedi and Sethna10 prepared 3,4-dimethyl-
coumarino-7,8-g-pyrone and 3,4,7-trimethylcoumarino-5,6-
«-Dyrone by the condensation of 7-hydroxy-3,4-dimethyl-
coumarin and 5-hydroxy-3,4,7-trimethylcoumarin with
malic acid. They also synthesised 8-hydroxy-3,M-dimethyl-
coumarino-7,6-a-pyrone, 3-bromo-t-methylcoumarino-7,3-
a~pyTone and 3-bromo-'t-methyli-8-hydroxycoumarino-7,6-
a-pyrone from 7,3-dihydroxy-3,4%-dimethylcoumarin,
7ahydroxy~3—br9m0~¥-methylcoumarin and 7,8-dihydroxy-
3-bromo--methylcounarin respectively. They proved the
structures by Perkin acetylation of the corresponding
formylated compounds which were degraded to the
known coumarin derivatives,

Mehta and Sethnait prepared coumarino-g- and
-Y-pyrones by the application of Perkin, Knoevenagel and
Kosbanecki~Robingon acylation reactions to some

formyl and acyl coumarin derivatives.
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Furocoumaring :

If the furan ring is built on a suitably
substituted coumarin derivative, it leads to the
synthesis of furocoumarins.'Alternately one can start
with an appropriate coumarone derivative and build up

the e-~pyrone ring on:i¥, Seven isomeric forms of

furocounmaring are found in the literature,

In recent years furocoumarins of the type (4)
i.e. psoralene type have received considerable attention
on account of thelr therapeutic properties. Xanthotoxin

i2
or S-methoxypsoralene is a fish poison but it is
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relatively non-toxic to mammals, Schonberg and La‘t:ifl‘Et
observed that it possesses molluscieidal activity.

It was demonstrated by Elwiw that it produces fatty
degeneration of liver and adrenal hemorrhage if it is
administered in large doses to mammals, In the case of
human beings the compound has found medical acceptance
for the treatment of leukodermais. The most recent
applications have made use of the fact that it alters
the erythermal response to wultra-violet light, a
property which has been used clinically to prevent

16
sun-burn , There is some evidence that xanthotoxin

under certain conditions may be carcinogenic‘V,

Pathak and Fellman18 have studied the
activating and fluorescent wave-lengths of 37 furo-
coumarins and their biological photosensitising action«.
Was also investigated. Furocoumarins which induced
definite photosensitised erythermal response on
mammalian skin showed activation peaks in the region
of 340-380 my and concomitantly the fluorescent peaks
in the region of W420-460 my., The inactive furocoumarins
did not show these specific activating and fluorescent
peaks. Psoralene, xanthotoxin, bergapten ete, have
been found to be active but B8-hydroxypsoralene, 5,8-
dimethoxypsoralene etc. were found to be inﬁctive.

Recently, Musajo and coworkers'9,20 have

observed that flavinmononucleotide (FMN) will react

only with the furocoumarins that are photodynamically
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gctive and that the reaction products appear to have

been modified mainly in the furan ring. Furthermore,

they have demonstrated that FTMH in larze amounts acts
against erythema expected from the psoralene-type
molecule, Three new coumarin derivatives have been
isolated in the bergapten photoreaction, namely, 7-hydroxy-
5-methoxycounarin-é-acetic acid (a), its methyl or ethyl
ester (b) according to the presence of meth¥l or ethyl
alcohol in the irradiated solution, and probably, W',5'-

dihydro-4!-oxo-5-methoxyfurocoumnarin (c)

]

qﬂou%
e

(Bergapmn)

kv €3655 /) (aqueoiss CiizoH solution)

J, ¥ ¥

OCH\;’ " OCH3
eliow "
Yool s HOOES 7 HEooCeH R
HOMNN , © HO «
(a) (b) (e)

Two substances have been obtained by the
photoreaction of FMN and psoraléne in a water-methyl

alcohol solution, namely the methyl ester of



7~hyaroxycoumarin~6»acetie acid and 6-formyl-7-hydroxy-
counmarin, No new compounds are formed in the photo~
reaction of FMN and xaﬂthotoxinig.

The methods ‘of synthesis of furocoumarins are
briefly réviewed nere. Two routes are availlable for the
synthesis of psoralenes, either (a) through 6-hydroxy-
coumaran or (b) through umbelliferone.

Spath and Pailéra‘ carried out the condensation
of 6-hydroxycoumaran {1) with malic acid in the presence
of concentrated sulphurie acid and obtained 2,3-dihydro-

psoraléne (2) which on dehydrogenation gave psoralene(l).

(1) - (2) (3)

. 22
Later Horning and Reisner prepared different

5~substituted-2,3~-dihydropsoralenss by condensging
6-acetoxycoumaran with a variety of 8-ketonic esters in
ne presence of sulphuric acid, This reaction has been
further extended by Bsse ;nd Christensen23 to obtain
6-alkyl-2,3-dihydro-5-methylpsoralenes (&) by condensing
appropriate a—alkyloguketonic esters with 6-acetoxy-
coumaran (5). The main drawback in thisg meth&d is that
the dehydrogenation of dihydropsoralene derivatives with

palladised charcoal gives poor yields of psoralene

35



derivatives,

(5) R Har Ayl (%) Pd-c

Ray, Silooja and Vaidah had approached the
problem of psoraleneg synthesis by starting with
umbelliferone, In this procedure, they carried out the
eyclisation of 7-acetonyloxycoumarin (6), obtained by

treating unbelliferone with chloracetone, in the presence

of sodium ethoxide to 3-methylpsoralene (7).

(7)

Rodighiero and Antonellozg synthesised
xanthotoxin (8) by first preparing 7-hydroxy-S-methoxy-6-
formylcoumarin (9) and then treating it with ethyl#
bromoacetate, followed by hygrolysis, cyelisation and

decarboxylation,

36
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By CHy,COOGH,

©CHg CH3

(8)

Limaye and Ganga126 synthesised 3,4'-dimethyl-
7,6-furocoumarin from 7-hydroxy-6-acetyl-t-methylcoumarin
using the same procedure,

Foster g§”§;.2?4synthesised psoralene by first
subjecting 6-hydroxycoumaran to Gattermann aldehyde
synthesis and then condensing the 6-hydroxy-5-formyl-
coumaran (10) with cyanoacetic acid followed by

decarboxylation and dehydrogenation,

. HO
Getterman n% N
rcac};‘or)
OH OH
(10)
CNCHoCOOH

L dec;wbo)fy"ﬁﬁov}

T 2.de hydvogen c.h‘or)




28
Kaufman

brépared 4,51 8~ trimethylpsoralene
(11a) and 5',8-dimethylpsoralene (11lb) by first carrying
out the Claisen rearrangement of 7-allyloxy-l4,8-dimethyl
(12a) and 7-allyloxy-8-methylcoumarin (12b) to 7-hydroxy-
6-allyl-"+,8-dimethyl (13a) and 7-hydroxy-6-allyl-8-
methyléoumarin (13b) respectively. Thess were then

acetylated, brominagted and cyclised to obtain psoralene

derivatives,

@E:éﬂc_

Claisen
Tearsange rment 4 HO

CH;:'. CHCFB'O

CHy
(13)
acei‘?fah'cv)
N CH3
(b) R=H

. Bromination
>

Using a similar proceadure Kaufman gynthesised

4,5 -dimethylpsoralene (1),
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29
Kaufman and his co-workers also synthesised

psoralene derivatives (15) having different groups such
as C1, Br, CN, N(CH3)» etc. in 8-position using 8-amino-

psoralene as an intermediate product,

(15)

R=Cl, Br, CN, N(CH3)2, NH2 ete,
Mngelicin is a naturally occurring furocoumarin

of Type (B) and was synthesised by Spath and Pailer3O by
condensing sodium salt of umbelliferone-8-aldehyde with
iodoacetic ester under pressure and the product obtained
subjected to hydrolysis followed by cyclisation,

Naik and Thakor31 repeated this work using
ethyl bromoacetate in acetone. They o?served that the
mel ting point of 7_(8—formyleoumarig§§y)-acetic acid (16)
was 2%8-%90 instead of 178-—810 as reported by Spath and
Pailer30. They also observed that on cyclisation of this
product, angelicin-2-carboxylic acid (17) which was not
isolated by Spath and Pailer was obtained and it
underwent decarboxylation vhen heated with copper and

guinoline to angelicin,
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O‘ eH‘ y' bromaac‘-”b"e
HO oY
O H G OOCCHD

HO HO

Ne.OH

- 00CCHO
C‘yci s sqﬂ‘or) H 2

GHO

(16)

Using the above method Shah and Shah32
synthesised furano-3t-methyl-4t!,5' ,8,7-coumarin from
7#hydroxy-8-acetylcoumarin,

Limaye33 synthesised angelipin by preparing
Y hydroxy-5-formyleoumarone (18) from +hydroxycoumarone

(19) and then subjecting it to Perkin reaction,

!illn | ¢HO
5 Perkin veacho
O ¢
(19) (18) N

3%
Aneja, Mukerjee and Seshadri synthesised

angelicin by subjecting first 7-hydroxy-8-allylcoumarin
(20) .to ozonolysis and subseguent cyclisation of
7.hydroxyeoumarin-8-acetaldenyde (21) with o-phosphoric

acid,



CHCH=CH,

(20)

‘ Furocoumarins of type (C) have been synthesised
by several workers, Limaye and Sathe35 subjected 6-
hydroxy-7-acetyl-3-methylcoumarone (22) to Kostanecki-
Robinson acetylation and obtained furo-3',%-dimethyl-

L1, 51, 6,5 coumarin (23) in poor yield along with furo-

2,3'-dimethyl-4t,5', 6, 5-chromone (24),

Shah gnd Shah36 synthegised 3'-alkyl-furo-
Lt 51 6,5 counarin (25) by first condénsing'2,4-dihydroxyh
3-formylacetophenone (26) with malonic ester and then
carrying out the condensation with ethyl bromoacetate
followed by hydrolysis, subsequent cyclisation and

decarboxylation,



OH CHCOOQws

oH
RC cHo Ac cooCsz Rc /\jcoocﬁ:
Jnalonie ester o
ETCH CO.( !
OH \O ‘D

(26) f‘M M@{ 2 c-usr.;lé\f‘a
/[/u[\;c.«"\\(‘*'}“’a st }2 {‘%

/(,,ff»\fé,@;a (w, 7 @Zi‘é Dy '°

v

37
Chudger and Shah”™  gynthesised several

3'-alkyl-l-methyl-furo-4!,5',6,5-coumarin (27) by
condensing 5-hydroxy-6-acyl-lb-methyleoumarin (28)
with ethyY fbromoacetate followed by hydrolysis and

subsequent cyclisation,

Hsczoo CCHp

BreH,CO0GH:
[
NaoH
¥
HooC Hg
NzoAC RO ‘ N
Ac, 0 N N O

27 R=cHg;s C2Ms ofc.
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3839
Mehta

synthesised furo-3!,8-dimethyl-
4,51, 6,7-coumarin, furo-3',5-dimethyl-5t,4',7,8~
coumarin and furo-3'-methyl-4!,5',7,8-coumarin using

the same procedure,

Furocoumarin of type (D) was synthesiséd by
Kaufman and Russeyuo. They carried out the Claisen
rearrangement of 8-allyloxycoumarin (29) and obtained
7-81lyl-8-hydroxyeoumarin (30), the acetyl derivative
of which was brominated. This product (31) underwvent
cyclisation to 2'~methyl-furo-i+!,5',7,8~coumarin (32)

when refluxed with sodium ethoxide in absolute ethanol.

1. Qce ‘A‘"!‘Of)
2 bvommah'oq

LJ COC"‘a

(32) (31)

u1
Kaufman et al, synthesised furo-Y-methyl-

h',5’,5,6~céumarin and the - corresponding 2-carboxy
derivative (type E) by condensing 5-formyl-6é-hydroxy-lk
methylecoumarin with methyl@bromoaeetate, followed by
hydrolysis and subsequent cyclisation with partial

decarboxylation,
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The above authorsu' prepared fhe same furo-
coumarin through an alternate route. 6-Hydroxy-4-methyl-
coumarin was converted to an ally] ether by reaction
with allyl bromide and the Claisen rearrangement was
carried out by refluxing it with dimethylaniline. The
5-allyl derivative obtained was subjected to ozonolysis,
catalytic reduction and then heated with o-phosphoric
acid to get the same furocoumarinn of type (E) deseribed
above. They also obtained furo-a',%—dimethyl—h',S',f,é—
coumarin when 5-3llyl-6-hydroxy-'+-methylcoumarin was
acetyldted, brominated and then refluxed with sodium
ethoxide in absolute alcohol,

Salvi and Sethnauzsynthesised furocoumarins
from various benzefuran derivatives. They formylated
the hydroxybenzofurans and then carried out the-
synthesis of furocoumarins by Perkin or @?E}enagel
reaction. They also. synthesised the furocoumagrin of
the type (E) by taking the appropriate benzofuran
derivatives, Thus§ﬁethy;@h~formy1;5-hydroxy»3~methy1.

coumarilate (33) on reaction with diethyl malonate
| gave ethyl furo-z'-carbomethoxya3'-meﬁhyl-k',5',5,6—
coumarin-3-carboxylate (3%) which on hydrolyéis and
subsequent decarboxylation gave furo-3'-methyl-%',5',
546-coumarin (35),



Kknoevenagel condensation

[4 -

HO G“\a wity dl'el'hyl malo nete
HO ‘

(33)

Salvi and Sethnauz‘also synthesised' furo~
coumarin of the type (C) as follows @
Meth&%%6—hydroxy~3—methylcoumarilaté‘(36)
on reaction with hexamine gave the 7-formyl
derivative (37) which on Perkin agcetylation gave furo-
21-carbomethoxy-3f-methyl-5* 41,5, 6-counarin (38), In a
similar marner furo-3'-methyl-lt,5',5,6~counarin was

prepared from methylfS-hydroxy-3-methylcoumarilate.

H €OOCH Ho. O
] _2 hexamine o m coocH,
CHy Qcetic Goid CHy

(36)

105



106

w4
Kaufman et al. prepared the furocoumarin

of type (F) as follows @

#

5= A11y1=b-hydroxy-t-methylcownarin (39) was
catalytically hydrogenated to 6-hydroxy-lt-methyl- 5-n-
propylcoumarin (40), which was converted to an allyl
ether by reaction with 2llyl bromide. Refluxing in
digthylaniline caused the Claisen rearrangement and
with the S-position occupied the allyl group was forced
to the 7-position giving 7-allyl-é&-hydroxy-5-n-propyl-
Yomethylecoumarin (41). Ozonolysis, catalytic reduction

and heating with o-phosphoric acid gave furo-lt-methyl-

5.nepropyl-5' 4t ,6,7-counarin (42), £ st A e
AL AT
e Lo
cqfﬂd}bua
HO. BN
R AL S all
(%0) d’meﬂay{

antline

CiHy  cHy 1 Odonolysis
37 3 Zfeducl-;of)
3 Hzroy

43
Trivedi and Sethna ~ made new approach to
synthesise furocoumarins, They studied the hydrolysis
of 3-halogen substituted coumarino-g-pyrones and

obtained corresponding furocoumarins. Thus furo-3t-methyl-
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5t 4t 5,6~coumarin {43) was prepared from coumarino-g-
pyrone derivative (44) through the following Sequence
of reactions,

CH3

Oc malic acid_ame Hi504 |
HO . y. »

Bromimetion]

Y CHg

Br .
malic acd and HaS04

KoH

CHS

Furocoumarin of type (G) has been recently

AN
synthesised by Dholakia and Trivedi ., i Hydroxycoumarin

sy

) R

s %
acid to giye 2, 5-dioxo~2H, 5’H—pyrano£3\,/2—-q)/benzopyran (45)
which was brominated to yield 9-bromo derivative. This
on hydrolysis with sodium carbonate furnished W4H-furo

was condensed with malie acid in the presence of sulphuric ¢

/\‘\z

(3,2-c)benzopyran-4-one-2-carboxylic acid (46) which was



subsequently decarboxylated to yield 4-H-furo(3,2-c¢) v
1
benzopyranzi-one (47).°

m:d;’g ﬂca & 3

Hz S0}

(47) (46)

The present work deals with the synthesis of

some coumarino-m-pyfones and furocoumarins.

Pechmann condensation of 4-hydroxy-5,6-benzocoumarin

with ethyl acetoacetate : L-Methyl-2,5-dioxo-2H, H-pyrano 9

(352-c)benzo (f)benzopyran f48) :

] 4-Hydroxy -5,6 -benzocoumarin on condensation’
with ethyl acetoacetate in the presence of alﬁminj.um
chloride.and nitrobenzene gave the product to which
Y —metk}yi -2,5-dioxo ~2H, 5H -pyrano (3 ,2 ¢ )benzo (f)benzopyran q
_(11-‘8_)“Mstruéture was a-ssigned: 'sThe same product was also )
prepared by refluxing l&~1;y{1rquf5,_6 “benzocoumarin wiﬁh
ethyl acetoacetate in the presemce of trifluoroacetic e

acid or diphenyl ether.(¥ide chapter IV for detail
de¢scription,)



Synthesis of 3-methyl-lt-oxo-4H-furo(3,2-c)benzo(f)-/
benzopyran (49)

Y-Methyl-2, 5~dioxo~2H, SH-pyrano(3,2-c)benzo(f) [}
benzopyran (48) on bromination with bromine in acetic acid
gave 3-bromo--methyl-2,5-dioxo~2H,5H-pyrano(3,2-c) A
benzo(f)benzopyran (50) wﬁich/on hydrolysis with 10 9

sodium carbonate solution afforded 2-(o-hydroxy-a-

J’naphthyl)—hwmethylfuran~3~carboxylic acid (51) and not

J

3-methyl-~oxo-4H-furo(3,2-c)benzo( ) benzopyran-2-carboxylic
acid (52), The formation of (51) from the expected (52) is
shown according to following route through the intermediate
(53), which could not be isolated. The acid (51) on
cyclisation with ethanolie hydrochlorie aecid gave
3-methyl-l-oxo-4H-furo(3,2-c)benzo( f)benzopyran (49) ./
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Pechmann condepsation of 4-hydroxy-5.6-benzocoumarin
with malic acid : 2,5-Dioxo-PH,5H-pyrano(3,2-c)benzo(f) -

benzopyran (54%)

4 -Hydroxy -5,6 -benzocoumarin on a similar
condensation with malic acid in the presence of 80 %
sulphuric acid gave an alkali insoluble product to which
2,5-dioxo-2H, 5H-pyrano(3,2-c)benzo(f)venzopyran (54) fl'

structure was assigned.

malie aoid & >
Hasol

(5%)

Synthesis of L4 -oxo-4H-furo(3.2-c)benzo(f)benzopyran (55):

2,5-Dioxo-2H, 5H-pyrano (3,2 -c)benzo (f )benzopyran
(5%) on bromination gave 3-bromo-2,5-dioxo-2H,5H pyrano
(3,2-c)benzo (f)benzopyran (56) which on hydrolysis with
sodium carbomate-solution afforded k-oxo-iH-furo(3,2-c)-
benzo(f)benzopy;an~2~carbpxylic acid (57){ On decarboxylation
of the acid (57) with copper and ;uinoline gave the
alkali. insoluble product to which h—axo—hﬁ—furo(3,2—c)—

benzo (f)benzopyran -(55) structure was assigned.
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orominakion

hydralysis
vl
Na.,‘co5

(55) (57)



The Kostanecki-Robinson geylation of 7-hydroxy -
6-acyl-8-methylcoumarin derivatives was carried out to
synthgsiseﬁ coumarino-a -pyrones and coumarino-y-pyrones,
the structures of which were established on the basis of

their IR spectra.

.Kostanecki-Robinson acetylation of 7-hydroxy-6-acetyl-
4,8-dimethylcoumaripn : Z-Acetyl-l . 8,10-trimethyl-2H, 6H-

rano (3.2 -g)benzopyran—2.6-dione (58)

7-Hydroxy-6-acetyl-4,8~-dimethylcoumarin was
prepared according to Rangaswami and Sgshadriuf This on
Kostanecki—Robinson acetylation with acletic anhydride
and sodium acetate gave a product which was insoluble
in cold dilute alkali and did not develop any colouration
with ferric chloride solution., The IR spectrum showed

-

three strong bands in the carbonyl reglon viz. 1750 cm .
(Lactonyl >C = O group ), 1690 cm’li(y—pyronyl >C=0
group ) and 1650 _cm'~1 ( gcet;yi group at position 7 ).

On the basj.s of the IR spectra and amlytical results,
the compound has been assigned f—acetyl%,S,lO—trimathyl—

2H,6H ~pyrano (3,2 —g)benzopyran-2,6-dione structure (58).
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Attempted deacei:zlation of 7-acetyl-t 8,10-trimethyl-

2H.[,6H-pyrano(3,2 -z benzopyran-2,6-dione :

Attempt to deacetylate (58) by refluxing with
alcoholic arhydrous sodium carbonate or concentrated

sulphuric a¢id did not succeed.

Kostanecki-tRob;'.nsgn benzoylation of Z-hxdroicx:é—acetzl
4,8-dimethylcoumarin : 4,10-Dimethyl -8-phenyl-2H 6H-
pyrano(3,2-g)benzopyran-2,6-dione £59)

7-Hydroxy-6-acetyl-ly,8-dimethylcoumarin on
Kostanecki-Robinson benzoylation with benzoic arhydride
and sodium benzoatq gave the alkall insoluble product to
which 4,10 -—dime’phyl -8 -phenyl -2H,6H -pyrano (3 »2-g)benzopyran=-
2,6-dione (59) structure was assigred. It showed carboryl
ab‘sorption in the IR region 17)-&-5 ~::m”l (lactonyl > Czo“group)
and 1680 c;n-z (y-pyromyl > ¢=0 ) . No 7-benzoyl derivative

could be isolated in this case.

(59)

Attempt to prepare the above compound (59) from
7 fhydroxy»—-é—acetyl#,S—dimethylcoumarin by modified Baker-

Venﬁ%ix}aman transformation by refluxing the o-hydroxyketone

114

with benzoyl chloride,potassium carbonate in acetone according

w7 ’
to Seshadri et al. gawe only the o-benzoyl derivative.
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Synthesis of 4,10=dimethyl-8-phenyl-7.8-dihydro-
2H, 6T -pyrano(3,2 -2 benzopyran-2,6-dione (60) :

7 -Hydroxy -6 -acetyl -4, 8-dimethylcoumarin on
condensation with benzaldehyde in alcoholic potassium
hydroxide afforded the alkali insoluble product which
did not give any colouration with ferric chloride solution,
and to which 4,10-dimethyl-8-phenyl-7,8-dihydro-2H,6H -
pyrano (3,2-g)benzopyran-2,56-dione (60) structure was
assigned.

4,10-Dimethyl-8-phenyl-2H,6H-pyranc(3,2-g)benzopyran

2,6-dione (59) :

The flavanone (60) on dehydrogemation with
selenium dioxide in amyl alcohol gave the product which
was identical with 4,10-dimethyl-8-phenyl-2i,6H ~pyrano
(3,2-g)benzopyran-2,6-dione (59) obtainedfrom Kostanecki-
Robinson benzoylation of 7-hydroxy-6-acetyl-i,8-dimethyl-

coumarin ags described esarliser.
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Kostanecki-Robinson acetvlation of 7-hvdroxy=6-

propionyl-l 8-dimethylcoumanin (61) : 4,7.8.10-Tetramethyl - v

2H,6H-pyrapo{3,2-g)benzopyran-2,6-dione (62) :

7 -Hydroxy -6 -propionyl -4 8 -dimethylcoumarin (61)
on Kostanecki-Robinson acetylation with acetic srhydride
and sodium acetate gave the product which was found to be
insoluble in alkall and did not develop any colouration
with ferric chloride solution. On the bgsis of these
properties and amlytical results it was assigned the
structure 4,7,8,10-tetramethyl-2H,6H-pyrano(3,2-g)

benzopyran~2,6-dione (62).

Kostanecki-Robinson acetylation of 7-hydroxy-6-

benzoyl-4,8-dimethylcoumarin (63) : 4,10-Dimethyl-6-

phenyl-2H, 80 -pyrano(3,2-g)benzopyran-2,8-dione (64) :

7 -Hydroxy -6 -benzoyl-4,8 -dimethylcoumarin (63)
when refluxed with acetle arhydride and sodium gcetate
gave the nmixture of two produets; The separation of these
was affected by the treatment with hot ethanol. The
product which remained insoluble in ethanol was fourd

to be 4,10-dimethyl-6-phenyl-2F,8H-pyrano(3,2-g) -



bénzopyran-2,8-dione (64). Tt did not give any colouration
with alcoholic ferric chloride solution.

The alecoholic mother liguor on cooling gave
the product to wwhich 7-acetoxy-6-benzoyl-i,8-dimethyl-

coumarin (65) structure was assigned.

(63) (64) (65)
L8
It has been reported by Pathak et al. that

properly located alkyl groups d6 not decgease the
activity of psoralene appreciably and ﬁgrficularly that
Ik, 58 -trimethyl psoralere is as active as psoralens in
producing an ery;hermal response on guinea pigs skin

irrgdiated by ultra-violet light. The presert work deals

with the synthes@s of alkyl and aryl psoralene derivatives

{\' -

having substituents in 44/~ and 8-positiomns. ’K

Synthesis of Wk, 8-trimethyl psoralene (66) :

7-Hydroxy -6 -acetyl-l,8 -dimethylcoumarin was
cordensed with ethy#bromoacetate in boiling acetore in
the preserce of arhydrous potassium carbomte when.ethyl%ﬁ
L ,8-dimethyl -6 -acetyl-7-coumarinyloxyacetate was obtained.
On hydrolysis with alkali it gave 6-acetyl-%,8-dimethyl-7-
coumgrinyloxyacetic acid. The cyclisation of this zcid

was alfected by refluxing it with acetic arhydride arnd

117
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Treshly fused sodium acetate. Simultaneous decarboxylation
- —~
ard ring closuee took place and ¥,4,8—trimethyl“psoralene

(66) was obtained.

CHzc O

N=QAC
AcO  ooccHO

CHg
(66)
Synthesls of wwethyl-ﬁ4§~dimethz;p§g§@;§g§wiézl :

o

7-Hydroxy-6-propionyl-4,@-dimethylcoumarin (61)
was obtained by Fries migration of 7-propionoxy-l+,8-
dimethylcoumarin. It gave colouration with alcoholic
ferric chloride solution. 7-Hydroxy-6-propicnyl-4,8-
dimethylcoumarin on condensatiqn with ethylﬁbromoacetate
under the same conditioriﬁescribed before gave ethylk6t -
propionyl-,8-dimethyl -7 -coumarinyloxyacetate. The ester
was hydrolysed with alkali to 6-propicnyl-4,8-dimethyl-7-
coumarinyloxyacetic acid. 4tﬁthyl—#,8—dimethylpsoralene
(67) was obtained on heating the acid with sodivm acetate

. T

and acetic anhydride.
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CH&
= Y (cHycHaC0), 0 -
Has 04 -
HO N %ﬁpco
CH3
F}ies-
migr«aﬁot)
b

. BycH coogt
Mwe2C0, i< 00

HN&OH

CyHsC ) NV neodc

HEO CCHO
CHy
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Synthesis of Y-phepyl-l,8-dimethylpsoralene (68):

The above furocoumarin was synthesised from
7-hydroxy -6 -benzoyl -, ~dimethylecoumarin (63) which was
obtained on Fries migration of 7-benzoyloxy-4,8-dimethyl-
coumarin.The ketone (63) gave jcﬁe’ colouration with
alecoholic ferric chloride solution. 7-Hydroxy-6-benzoyl-
4,8 -dimethylcoumarin was condensed with ethylﬁbromoacetate
when ethyb§6*benzoyl—4,8—dimethyl~?—coumarinyloxyacetate
was obtained. This ester was hydrolysed by treatment with
alkali to the corresponding acid. The cyclisation of this
acid was affecte@ by refluxing it with gcetic arhydride
and freshly fused sodium acetate. Simultaneous
decarboxylation took placé and %Lphenyl—#,B—dimethyl

psoralene (68) was obtained.

CgHgcocl
CHa
GHLO N _ BrcH,Coo8h -
CCHO e, Yacos
HGOOCCH
Ha
NeOH
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4,5%,8-Trimethylpsoralene isfnatzirally occt{%‘,iﬁg
furocmmarirfgnd was synthesised by Kaua‘.‘manz8 as
described earlier. The present work also deals with the
synthesis of 4,5%8-trimethylpsoralens by an another route
with the improved yield.

Synthesis of 4,5:8—trimegl_m‘lp_s,‘o_r_glene (69)

e

7 -Hydroxy -6 -allyl -8 -dimethylcoumarin (70)
was triturated with concentrated sulphuric zcid for five
mimites. The product was found to be insoluble in alkali
arnd it was assigned the structure 4,5;8—trimethy14+’, 5
dihydropsoralene (71). This product was obtained in good
yield and was sufficiently pure for futther reaction. It
was then dehydrogenated by reflux‘ing it with diphenyl
ether in the presence of palladised charcoal (10 % )
to Lz—,5’,8-tr3'.meth,y11:>scnt'&llene (6§).

The study of the photodynamic activity of
these psorzlene devivatives by FMN method developed by

20
Mysajo and Rodighiero is in progress,
CHy

HE = CHCH,

H
CHy

(70)
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Synthesis of %iéethvl—h—oxo-HH—furo( 3,2-c)benzolf)

benzopyran £

3-Bromo-t-methyl-2,5-dioxo-2H, SH-pyrano-(3.2-¢)
" benzo_(f) benzopyran :

4 -Methyl-2,5-dioxo -2H, 5H-pyrano (3,2 -c)benzo (f)
benzopyran (2,78 g. 3 0.01 M) was dissolved in minimum
ruantity of acetic acid and bromine dissolved in acetic
acid (20 % 3 30 m1. 5 0.04 M) was added slowly with '4§f‘&
constant stirring and the mixture was heated on g water et
bath for 3 hours. The separated compound was filtered ,
dried ard crystallised from benzene in yellow shining

.

0 . -t vf:/ (f{
needles, m.p. 235 . Yield 1.6 3. F”‘gw“

applysis : Found : Br, 22,67 %
Cy 7150y Br re~uires : 3Br, 22.40 %

2 (o =-Hydfoxy —u ~raphthyl) <4 -methylfuran-3 ~carboxylic

3-Bromo 4 -methyl -2, 5-dioxo -2H, 5 -pyrano -(3,2 -¢)
benzo (f)benzopyran (0.8 g.) was refluxed with sodiun
carbomte solution (10 % ; 15 ml.) for 2 hours. The
reactlion mixture was allowed!to cool and filtered. The
filtrate on geidification gave the product which was
purified by dissolving it in bicarbonate solution.It

was crystallised from hot water in colourless crystals,
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N

8] f
m.p. 182 o Yield 0.1 go - . ¢

Amlysis. : Found : C,71.9% 5 Hy4a75 %
CléHl 20;‘_ reGUireS : C,?l.él H H,"*'e!"‘8 %t

3-MethylY-oxo -HH -furo(3.2-c)benzo (f )benzopyran :

2 -({o-Hydroxy -u -naphthyl) <% -methylfuran-3 -
carboxylic gcid (0.5 g.) was dissolved in ethanol ard
refluxed with hydrochloric acid (5 ml.) for 4 hours. The
separated product was filtered and crystallised from acetic

0
acid in shining needles, m.p. 2k7 . Yield 0.1 g.

Amalysis : Fourd 2 C, 764303 Hiab6 %,
CieH1 03 requires : C,776.793 HMa03 7.

Synthesis of 2,5-8ioxo-2H,5H-pyrano(3,2-c)benzolf)

benzopyran :

A mixture of 4-hydroxy-5,6-benzocoumarin (4 g.)
and malic acid (4 g.) was heated on a steam bath with
gradual addition of concentrated sulphuric geid (80 % ;
40 ml.) in 45 mirutes period. Heating was continued for
further L hours. The reaction mixture was =2dded to ice
ard the product filtered,washed with sodium bicarbomste

solution,dried and crystallised from benzene in shining

0
crystals,m.p. 310 . Yield 1 g.

Anglysis : Found : C,72.38 5 H,3.31 %.
CieHgOy requires : C,72.73 3 H,3.03 %.

Synthesis of 4~3xo—4ﬂ—furgﬁ3,Z—C)benzo(f)benagpyran :

3-Bromo-2,5-dioxo-2H, SH-pyrano(3,2-¢)benzo (f)

o

benzopyran : 2,5-Dioxo-2H,5H-pyrano(3,2~c)benzo(f) -
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%énzopyran (2.6h1g; $ 0.01 M) was dissolved iﬂ‘minimum”

amount of acetic acid and bromine, dissolved in acetic

acid (20 % 5 32 ml. 5 0.0% M) was added and the mixture 7 2002
heated on a water bath for 3 hours. The resetion ’+5?“¢£
mixture was then added to ice and the bromo derivative

was filtered,dried and.erystallised from benzéne,

m.p. 2820. Yield 2 g,

Malysis : Found Br, 23.68 4.

Cy¢H,0, Br Tequires : Br, 23,32 4,

*»

%-Oxo-hﬁ;furqi3.2-c)benzo(i)benquyrana?—carﬁq;ylic

' 3-Emomo-2;5-dioxc-2H,5H-pyrano(3,2—c)benzo(f)
benzopyran (0,5 g+) was mixed with sodium carbonate
solution (10 % $ 10 ml1,) and was refluxed for 4 hours,
The solution was allowed to cool and filtered. The
filtrate aﬁ acldification gave the product which was
crystallise¢~from acetic acid in yeliowish crystals,.

e}
m.p., 318 , Yield 0,1 g.

Analysis : Found : C,68.47 5 H,2.50 %,
Cy¢HgOs requires : C,68,57 3 H,2,85 4.
: B 2.6

4-0x0-4H-furo(3,2-c) benzo( £) benzopyran @

ha0xo-hH~furo(3,2~b)benzo(f)benzopyran—Z-
carboxylic aeid (0.4 g.) was heated on s sand bath with
quinoline (5 ml,) and eopper bronze (0.2 g.) for 1 hour.
The reaction mixture was filtered hot,acidified with
hydroehlorie acid and filtered again. The filtrate was
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diluted with water and extracted with ether. The product
obtained after evaporation of ether was washed with
sodium biecarbonate solution and crystallised from dilute
acetic acid in colourless needleé,‘m.p. 1810. Yield 0.1 g;

Mnalysis : Found : C,76.51 3 H,3.16 %.
Cq5HgOy requires :'0,76.23,; ﬁ,3.hl 4.

, _ 34
Kostanecki-Robinson @cetylation of ?thdroxyaé-

acetyl-l,8-dimethylcoumarin : 7-Acetyl-4,8,10-trimethyl-

2H, 6H-pyrano(3,2-g)benzopyran-2, 6-dione

A mixture of 7-hydroxy-6-acetyl-lt,8-dimethyl-
coumarin (2,32 g. 3 0.01 M), acetic anhydride (3.5 ml. j
0.03‘M) and freshly fused sodium acetate (1.6%+ 3 0.02 M)
was heated in an o1l bath at 180-900 for 9 hours. The
reaction mixture was then poured in ice-water. The
product was filtered,washed with dilute alkall and
erystallised from acetie acid in reddish crystals, m,p.
2507, Yield 0.8 g )
Analysis ¢ Found : C,68,81 3 H,4,97 4.

Cp_;Hn;.Og requires 4 0,680}“‘8 H] H,""A-7O %-1

Attempted:ﬁ@acetx;gtion ofA71%cety1—%,8,lO-trimethyl-
2H, 6B-pyrano(3,2-g)benzopyran-2, 6-dione :

7-hcetyl-4+,8,10-trimethyl-2H, éH-pyrano(3,2-g)-
benzopyran-2,6-dione (0.2 g,) was dissolved in alcohol
(65 % 3 50 m1,) and gently refluxed with anhydrous
sodium carbonate (1.5 g.) for 2 hours. On working up

the reaction mixture no pure product could be isolated’

N



Attempt to deacetylate by refluxing the compound with

concentrated sulphuric acid also did not suecceed.

Kostggeéki~RobinsonEg%nzoxlation o£;7-ﬁyg;g§y-6-
acetyl-l4,8-dimethylcoumarin : 4,10-Dimethyl-8-phenyl-

2H, 6H-pyrano(3,2-g) benzopyran-2,6-dione :

A mixture of 7—h§droxy46-acetyl-h,8—dimethy1—
coumarin (2,32 g. 3 0.01 M), benzoic anhydride (6.6 2. 3
0.03 M) and sodium benzoate (2,8 g. 3 0,02 M) was heated
in an oil bath at 180--900 for 9 hours. The solid
reaction mixture was then washed with hot water several
times and finally with sodium bicarbonate solution. This
was then cerystallised from acetic acid in colourless
needles, m,p. 30#0. Yield 0.7 g.

Analysis + Pound : C,75.26 3§ H, 4,34 7,
CaoH1u0y requires : C,75.48 ; H,4.k0 %,

P —
. Attempted Baker—Venkéf?Lman transformation of

7-hydroxy-6é-acetyl-l,8-dimethylcoumarin :_7-Benzoyloxy-
6-acetyl-l,8-dimethylcoumarin :

A mixture of 7-hydroxy-6-acetyl-l,8-dimethyl-
coumarin (1 g.},benzoyl chloride (1 ml.) and anhydrous
éétassium carbonate (3 g.) was refluxed imn acetone for
35 hours. On working up the reaction mixture as usual it
gave the yellowlsh pfoduct which ygs crystallised from
acetic acid in yellowish needles, h.b.Zhoo. Yield 0.% g.

Analysis ¢+ Found : C,71.,90 3 Hh 74 4,
CaoHy 605 requires s C,71,W% 5 H,4.76 4,

-

P4
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Synthesis of h,logﬁimethyl—B-phenyl-7,8—dihydro—
2H, 6H-pyrano(3,2-g) benzopyran-2, 6-dione ¢

7-Hydr6xy56-acety1-h,8—dimethy1coumarin (1 .g.)
was dissolved.in alechol and to this cold.solution ‘!wiﬁ

benzaldehyde (2 ml,) and.potassium hydroxide solution ,55345 §f<.
(100 4 3 10 ml.) wad added. The mixture was kept f § #A
overnight at room temperature. Next day it was dilutedmiédw:ffﬂﬁgl
with water and ether extracted. The aqueous layer was" wfq‘“k{a
acidified and the product was filtereg,wasﬁed and ﬁ;ifﬁf( \

Ly

erystallised from benzene in colourless shining erystals,

o
m.p. 209 ., The produet was found to be jinsoluble in

v G o ?
cold dilute alkali, C‘L W L O
Analysls ¢  Found + C,75.50 3 H,%.77 4.
PP
Ca0Hy 604 requires + C,75.00 3 H,5,00 %, ot
e a'“‘i;‘r Loow o imp) HOPeive

Dehydrogenation of flavanone t k,lpzdimetﬁyi-S:h

to .

phenyl-2d, 6H.pyrano(3,2-g) benzooyran-2,6-dione :

The gbove flavanone (0,3 g.) was mixed with
iso-amyl alecohol and selenium dioxide (0.3 g.). The
mixture was heated at 1%0-500 for 8 hours, The hot
solution was filtered and the filtrate was kept in a
freeze for a day. The separated product was filtered
and cerystallised from acetie acidiin yellowish
crystals, m,p. 302-#0. Yield 0,1 g, Mixed m,p. with the
the product obtained from K,R,benzoylation of 7-hydroxy-

6-acetyl-l,8-dimethyleoumarin was not depressed,



Kostaggggizﬂoﬁinsonﬁ%cegzlation of 7-k§dro§g-6-

propionyl-Y%,8-dimethylcoumarin : 4,7,8,10-Tetramethyl-

24, 6H-pyrano(3,2~g) benzopyran-2,6-dione :

o

A mixture of 7-hydroxy-6-propionyl-l,8-
dimethyleoumarin (1 g.) ,acetic anhydride (3 ml,) and
freshly fused sodium acetate (2 g.)was heated in an oil
bath at 180—90 for 8-9 hours., The mixture was cooleg

\. < e"" e

and added into ice-water. It was filtered anélwashed

. {

with dilute sodium hydroxide solution, The product was
dried and crystallised from dilute acetie acid in

°
colourless needles, m.p. 259 . Yield 0.5 g.

Analysis : Found : C,70.96 3 H,5.21 %,
CyHynly requires : C,71,11 j H,5.18 4.

Kostagecki-Robinson%écetY1ation of 7L£§droxy-é:

benzoyl-l,8-dimethylcoumarin : 4,10-Dimethyl-6é-phenyl-

2H,8H-pyrano(3,2-g)benzopyran-2,8-dione :

7—Hydroxy~6»benzoy1-h,8-di§eyhy1coumarin (1 g,
was mixed with freshly fused sodium acetate (2 g.,) and
acetic anhydride (3 mi,). The reactién uixture was
heated at 180--90o for 9 hours, It was added to ice-water
and filtered. The product was washed with dilute alkali
and was taken iﬁ?;inimum amount of ethanol, and
filtered. The insoluble product wés crystallised from
acetiec acid in colourless crystals,m.p. 258 Yield 0.3 g.
Analysis : Found C,75.41 3 H,%.73 %4,

Co0HyuOy requires : C,75.48 5 H,h M0 %,V

Y 1)

128
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7-Acetogya6-benzoy1—%18-dimethylcoumaggg :

The aleoholic mother liquor in the above
reaction on cooling gave the product which was
crystallised from ethanol in shining erystals,m,p.
1780. Yield 0.1 g.
Analysis : Found

C,71.32 3 H,4.64 7,
C,71;hh H H,h.?é %.

Synthesis of 4' 4,8 trimethylpsoralene : Ethyls/
N I x|
h,8:ﬁimethzl-6-acetzl—z-goumarinxlggxgcetate.:

ConqéOg requires

..

7-Hydroxy-6-acetyl-l,8-dimethyleoumarin (1 g,)
was mixed with e?hyl%bromoacetate (0.8 ml1,), dry acetone
(50 ml,) and anhydrous potassium carbonate (3 £.). The
mixture was refluxed on a water bath for 45 hours,
After evaporation of acetone the compound was washed
with water,filtered and then washed with dilute sodium
hydroxide solutioﬁ. The product was dried and
erystallised from gcetic zeld In colourless needles,

0
m.p. 123 , Yield 0.7 g.

Anglysis s Found : C,64,07 § H,6,05 4.
Cy,Hy80¢ requires ¢ C,64,1% 3 H,5.70 4.

6-Acetyl-l,8-dimethyl-7-coumarinyloxyacetic Beid

Ethyl%&,S-dimethyl-éuacety1f7Lcoﬁmariny1~
oxyacetate (1 g,) was hydrolysed with sodium hydroxide
solution (10 4 3 25 ml.) by slightly warming and
keeping it overnight at the room temperature. Next day
it was filltered and'the filtrate on acidification with
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concentrated hydrocﬁloric acid gave the compound which
was purified by taking it in@éodium bicarbonate
solution, It ags crystallised from acetic acid in
colourless needles, m,p. 2070. Yield 0.5 g.
C,61.63 3 H,4.92° %, -
c,62,06 3 H,4.86 7,

Anglysls Found

-0

e

C1sHquO¢ "requires

4t L4 8 Trimethylpsoralene ¢

_6-Acetyl—h,8—dimethy1~7~coumarinyloxyacetic
acid (0.5 g.) was mixed vith acetic anhydride (4 ml.)
and freshly fused sodium acefate (1 g.). The mixture
was then refluxed gently on a sand bath for 2-3 hours.
The reaction mixture after cooling was added to ice
water. The compound was filtered,washed with sodium
bicarbonate solution to remove the acid. The
psoralene derivative wag crysfallised from acetic acld
in shining needles, m,p. 1830. Yield 0,25 g. U.V. |

absorption : x MeOT 220248 ang 208 gloge ,3.87,
max

4,63 and 4,28 ).

inalysis : Found : C,74.11 5 H,5.53 7.
Cyul1204 requires : C,73.67 3 H,5.30 %.

Synthesis of 4'-Btnyl_4,8-dimethylpsoralens :

7-Progionoxx;h.8—dimethylcoumarin :

7-Hydroxy—‘+,&dj.methyléouma;in (2 g,) was
mixed with propionie anhydride (6 ml,) and concentrated
éulphuric acid (2-3 drops). The mixture was refluxed
on water bath for 45 hours, It was then added to ice
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water and the séparated product was filtered. It was
washed with dilute sodium hydroxide solution,dried
and crystallised from ethanol in colourless plates,
m.D, 1290. Yield 1.5 g.

Analysis - ¢ Found : C,68.1% 5 H,5.44 7,

CouHyuOy requires : C,68,29 3 H,5.69 4.

ZEHg@roxy-6—proniony1—h,S-dimethyiéoumarig_:

A mixture of 7—pr6pionoxj-h,é-dimethylcoumarin
(1 g.) and anhydrous aluminium chloride (4 g.) was
heated at 160° for 2 hours. After cooling, the “
reaction mixture was decomposed with ice cold dilute
hydrochloric acid (1:1)., The product was filtered and
crystallised from dilute acetic acid in colourless
crystals, m.p.ZOOO. It gavezied ecolouration with
aleoholic ferric chloride solution, Yield 0.6 g.

Anglysis : Found : C,67.89 § H,5.46 7,
CruHynOn requires @ C,68.29 3 H,5.69 %.

Ethyl%éjgigpionyl-h.8—dimethy1—7Lcdumarinyl-
7-Hydroxy-6-propionyl-k,8-dimethyleoumarin

(1.8 g.), ethyl%bromoacetate (2 m1,) and anhydrous
potassium carbonate (4 g.) were refluxed on a steam
bath for 6 hours. The product was worked out as above,
washed with dilute alkali and erysfallised from dilute
acetic acid in shining needles, mlp.1300. Yield 1.2 g
Analysis : Found : C,65,55 3 H,6.29 4.
Cy1gH2006 requires ¢ C,65.,05 3 H,6.07 %.
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6-Prop ionyf-%,?)—dimethyl- 7-coumarinyloxyacetic

Ethy]zgag. 6-propionyl-k,8-dimethyl-7-coumarinyl-
oxyacetate (1 g.) was subjected to hydrolysis with
sodium hydroxide solution (10 % ;5 25 mlf) by keeping
the reaction miimre overnight at the room temperature,
Next day cjii étras’ ;ilbt_ered and gcidified, The product
was driedjerystallised from dilute acetie acid in
eolourless crystals, m,p, 181!-0. Yield 0.6 g.

Analysis + Found : C,62,96 3 H,5.145 7,
C'6Hj 606 I‘equires H 0’63 028 H H’5027 %o

o o ,
Y1 _Bthyl-4,8-dimethylpsoralene :

A mixture of 6-propionyl-lt,8-dimethyl-7-
coumarinyloxyacetic acid (0,2 g,), freshly fused
sodium acetate (0,2 g.) and acetic anhydride (4% ml.,)
was heated on a sand bath for 2 hoﬁrs. The product
which separated on pouring the reaction mixture into
cold water,was crystallised from dilute ethanol in
colourless needles, m.p. 142 , Yield 0.1 g,

MeOH i
U.V, absorption ¢+ A 220;(2%9 and 299 (loge ,3.80,
. max '
%.50 and 4,19 ),
Analysis s Found : C,74,60 j H,5.97 %.
Cy 5Hqu04q requires ¢ C,74+.39 3 H,5.,78 4.

Synthesis of ’+'-ghenyl-lr,&dimethylpsoralene :

7-Benzoyloxy-%,8-dimethylcoumarin :

7-Hydroxy-4,8-dimethyleoumarin (1 g.) was

N
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dissolved in sodium h&ﬁroxide solution (10 4 3 15 ml,)
and at 0O temperature benzoyl chloride (1 ml,) was
added with vigorous shaking., The mixture was kept for
15 minutes at‘the room temperature, keeping it in
alkaline condition, It was then filtered,washed with
dilute sodium hydroxide solution and crystallised from
‘acetiec acid in colourless crystals, m.p. 213 .

Yield 0,8 g, A

c,73.11 5 H,4.96 %.

Analysis s Found :
C,gH,»,Ou requires & C,73.48 5 H,%.76 %.

7-Hydroxy=-6-benzoyl-k4,8-dimethyleoumarin :

A mixture of 7-benzoyloxy-l,8-dimethyleoumarin
(1.5 g.) and anhyﬁrous aluminium chloride (6 g.) was
heated in an oil bath at 16Qo for 2 hours. The reaction
mixture was cooled,treated with ice and hydroechlorie
‘acid and filtered. The product after drying was
. erystallised from acetie aecid in yellowish plates.
It gavefied colouration with aleoholic ferrie chloride

aked Bt

0
solution,)m.p. 209 , Yield 0,7 g,

Mnalysis + Found . : C,73.13 3 H,4.,81 %,
Ci1gHquOy requires H 0,73.’4-8 H H,Lh?é %.

Ethyl;&%enzoyl.u 8=dimethyl-7-counarinyl-
oxyacetate :

A mixture of 7-hydroxy—6~benzoy1—h 8-
dimethyleoumarin (0.5 g.),ethylubromoacetate (0,5 m1 )

and anhydrous potassium ‘carbonate (2 g.) in acetone



was refluxed on a steam bath for % hours. The reaction
mixture Was‘filtered hot and the acetone was
evaporated. The product was washed with dilute sodium
hydroxide solution and erystallised from dilute

acetic acid in colourless shining needles, m.p. 1310.
Yield 0.3 g.

Analysis : Found : C,69,10 3 H,5.80 4.
C22H200¢ requires : C,69.46 5 H,5.30 4.

4§-ngzoyl—h.8»dimethyl;Zycoﬁmarinquzxacetic

EthylZ6-benzoyl-l,8-dimethyl-7-counarinyl-
oxyacetate (0.3 g.)'was hydrolyéeﬁ with sédium
hydroxide solution (10 4 ;I15 ml,) by keeping it
overniéht at the room temperature. It was then
filtered and acidified., The product was cfystallised
from dilute acetic acid in shining needles, m.p.
1990. Yield 0.2 g,

Inalysis " ¢+ Pound : C,67.75 3 H,4.85 %,
C20Hy¢0¢ requires H C,68.18 3 H,’-F.5‘8 R

4! -Phenyl-4,8-dimethylpsoralene :

A mixture of 6-benzoyl-4,8-dimethyl-7-
coumarinyloxyacetic acid (9.2 g.),freshly fused
sodium - acetate (0.2 g.) and acetic anhydride (& ml,)
was heated on a sand bath for 2 hours. The mixture
was added to ice water and the filtered préduct was

washed with dilute alkali and erystalllsed from
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alcohol in colourless crystals, m,p. 198 , Yield
MeOH .

0,1 g. U.V, absorption : ~ . 222,%50 and 299
max

( loge ,3.89, 4 .43 and 4,18),

Mnalysis + Found : C,78.31 3 H,5.23)%.
C,gHQ);O; regquires s C,78.“60 3 H,l%-‘.85 %.

Synthesis of 4,5, 8_trimethylpsoralene ¢

4 g1 8.Trimethyl-4',5'~dihydropsoralene ¢

7-Hydroxy-6-allyl-l,8-dimethyleoumarin
(0.5 g.) was mixed with concentrated sulphuric acid
(1 ml,) with constant shaking for S minutes.‘The
clear solution was added to ice-water and the
separated product was filteredtggshed\with dilute
alkali, It was crystallised from acetic acid in
colourless needlés, m,p. 1760. Yield ok g.

Analysis + Found : 0,72,96 3 H,5.91 %,
CouHiu04 requires ¢ C,73.02 § H,6.13 %.

" L, 51 8_Trimethylpsoralene @

/

K-s'-dibydro-
A mixture of Y%,5',8-trimethylpsoralene

(0.5 g.),diphenyl ether (4 ml,) and palladised
charcoal (10 4 3 0.3 g.) was refluxed for 6 hours,
and filtered hot, The reaction mixture was cooled
and the separated erystals were washed with petroleum
ether and eryskallised from'alcohol in shining
needles,m.p.232o. Yield 0.35 g. The product was
identical with 4,5',8-trimethylpsoralene prepared

by Kaufman,
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