CHAPTER 1III.

STUDIES IN THE SYNTHESIS OF FURQO-COUMESTAN DERIVATIVES




CHAPTER TIII.

Studies in the synthesis of furocoumestan derivatives.

THEORETICAL.

The trivial name Coumestan, has been proposed for
the skeletal structure (1) of the heterocyclic four ring
system having the systematic name, 6H.benzofuro (3,2-¢) [:1] -

S
benzopyran.6.-one..»

The names Coumaronocoumarin, benzofurano.g-benzo-
pyrone, and coumarino benzofuran have been applied to the
class of compounds of which coumestrol (2) is a represexﬂ:ati.w::a .
The list of naturally occuring coumestan is growing and now
includes yredelolactone““ \y, emsnins (B), m«eciic:agcl6 (¢,
trifoliol’ (D), psoralidin’ (E), sativol’ (&) and lucernol’(F)e

The coumaronocoumarins are of structural iixterest in that



They are related to the coumaranochromans and the 3J.aryl
coumarins..Coumeétans are relatively a new class of naturally

occuring compounds, identified in a number of plants

This class of compound is of particular interest because of
coumestrolﬁo’ﬁf?ia found in foragse crcpsis, possesses
estrogenic prope:tiesi“ and has a relationship to pathogenie
aﬁtack of the plantis. Coumestrol is the siﬁplest naturally
occuring coumestan., It 1is j,9-dihydroxycoumestan. The only
other known naturally occuring disubstituted coumestan is

its 9.me£hoxy derivative, Trisubstituted coumestan includes
sativol9, 1ﬁcernol9, trifoliol’ and pSOralidinso Wedslolactone

N
and norwedelolactone are the only known naturally occuring

tetra substituted coumestan derivativee.
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A discussion of oestrogenic activity in coumarin.
type compounds may include a brief consideration of the
closely related isoflavones, which were the first of the
plant phenolies to show such activity. The isoflawones, may
well be the source of coumarin oestrogens, e.g. coumestirol

(2) in the plant,

O i O+

fo O ~0O
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The matter of oestrogenic'acttvity of plant
phenolies was revived when Bickoff and cc..‘»fork.ersf'-fL~’il'-2
1solated the oestrogenic coumarinocoumarone, coumestrol
Which was approximately 30 times as potent as genistein,
although st11l far short of diethylstilbestrol. '~ ' e The
relationship of coumestrol structure to its blological
act;vity has been investigated ﬁ&,ao’ai. A numbser of co-
relation of structure with activity was observed. The
phenolic hydroxyl group in pcsitién 3 and 9 were quite
important, since their absence led to inactivity., Etheri.

fication of the phenolic group results in reduced activity.
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Btherification of hydroxyi group in 9.position reduces
activity more than similar treatment of the hydroxyl group
in position 3. Acetylation of the hydroxyl group results
in a very 1little loss in activity, possibly due to the
hydrolysi; of these group in vivo with regeneration of
coumestrol. Other nuclear substitution, for example, in 1.

and 10.position almost eliminate activity.

The presence of furan ring appears to be an
important factor contributing to j:he estrogenic activity
of coumestrol. Opening of the furan ring leads to loss of
activity, Bradbury and White ~ observed that 7,4'.dimethoxy.-
«3-phenylcoumarin closely related to coumestrol was devoid
of estrogenic activity.

In the discussion section of a review article on
estrogens by Biggers,,Whélleyza, has suggesfed that the
estrogenic activity of coumestrol couldbe attributed to its
stilbene.like structure analogus to that of diethylstilbestrol
(3) « Coumestrol has a close structural relationship to
stilbestrol as well to the natural estrogen estradiol ().
The ether bridge in coumestrol stabilizes the double bond
in the 3., Y.position to maintain stilbene.like structure.
Whén this ring is opened, this double bond is free ®
resonate and keto.enol tautomerism existszu at the Y.position.
As suggested by Whalley, this might explain why most of the
k.hydroxy.3.phenylcoumarin exhibit no estrogenic activity.
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Structural relationship of Genistein, Coumestrol, Estradiol
end Diethylstilbestrol.

Additional evidence for the importance of stilbene.
like structure of coumestrol is shown by the complete

inactivity of homo.pterocarpin (6).
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(6)

Bradburyas observed the striking similarity between
thé naturally occuring estrogenic isoflavone, one of which
is genistein and the 3.phenyl-k_hydroxycoumarin. He pointed
out that this close relationship is further emphasized by
considéring the addition of water across the double bond of
an isoflavone to give énhydroxy isoflawme (8), followed by
enolization to 2,4k.dihydroxy.isoflav.3.en (fig. 1) (9)e
Bate-ﬁmith, quoted by Biggerszs,Asuggests‘that
couﬁestrol may be derived in the.plant by rearrangement of
the isoflavonol corresponding to daidzein (7) with ring
closure to the 6%.position (fige é). The féét that'coumestrol
is moreltnat jo times as'acfive as the closely related
estrogenic 1sof1avoneszé, 1s probably due also to the fact
that the oxygen atom at position 4 of the isoflavone is

primarily ketonic, which results in a single bond in the
3,%~position.
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+ H‘_ol f—HQ_O

g,q - dihydrory —isoltav-3.-ey
: (3)

Suggested possibility of interdonversion of isoflavones
and 1soflav.3.ens (Bradbury) (fig. 1) -~ ).
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Suggested possibility of rearrangement of isoflavemol to
coumestrol (Bate.Smith) (flg. 2).
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Just as the furan structure appears to be important
for maintenance of the estrogenicity of coumestrol, so also
does the gq-pyrone ring structure. Opening of the ring with
potassium nyd;§x1d9 result in the formation of potassium
salt of corresponding O.hydroxy.cinnamic acid, related to
coumestrol. This compound 1is about equal aetive to coumestrol
itself due to the ready conversion to coumestrol by the

acidity of the stomach of animal.

y 27 928
The structureg’ 7 of coumestan derivatives are

established by fusion, stepwise degradation, synthesis,
ultra.violet speetra and nuclear magnetic resonance spectra.
The method of synthesis of benzofuro (3,2-¢) benzo-

pyrans are revie®ed here.

Emerson and Bickqff29 condensed é,%-dimethoxy
phenyl acetonitrile (10) with resorcinoi:and obtained q-(2,4%-
dimethoxyphenyl.2,k-dihydroxy acetophenone (11), which on
treatment with methyl chloroformate yields 3=(2,4-dimethoxy.-
phenyl) -4,7.dihydroxycoumarin (12). It wys thént:yclised by
heating with aniline hydrochlofide to coumestrol %2) in
overall yleld of about 17 4. |

30934
Govindachari et al. 03 have synthesised tri.o-

methyl wedelolactone, Asaryladehyde, obtained in nearly
quantitative yield, from 1,2,k.trimethoxy benzene by treatment
with dimethyl formsmide, was converted into 2,4,5-trimethoxy
benzyl cyanide, through 2,4,5.trimethoxy phenyl pyrﬁlic acid,
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The deéxybenzoid (13) obtained by Hoesch reaction of this
cyanide with phloroglucinol was converted by selective
methylation into the dimethyl ether (14) and then by ethyl
carbonate and sodium metal into the 4.hydroxycoumarin (19),
which when heated with aniline hydrochloride was converted
into the coumardnocoumarin, tri.o.methyl wedelolactone (16).
Since the 7-methoxy group in a benzopyrone is the least
easily attacked by acids, controlled treatment of the tri.
methyl ether with hydrogen lodide produces wedelolactone
(17) identical with the natural product3 2. In this method
sodium and diethyl carbonate was used for the preparation

of L.hydroxycoumarin instead of methyl ‘ehloroformate.
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As psoralidin is labile to acids, it has not been
synthesised but dihydropsoralidine (18) was prepared by
standard methodszo’33’i&. Treatment of 2,h_dinydroxy-§-
isopentyl.2,lt-dimethoxy.benzyl ketone (19), obtained by
Hoesch reagtion of 2,4.dimethoxy benzyl cyanide and 4.iso-
pentyl resorcinol with ethyl chloroformate, followed by
treatment with 21kali and then with acid gave %,7-dihydroxy-
-6-isopentyl-3-(2’,4’.dimethoxy phenyl) coumarin (20).
Demethylation of the latter compound with aniline‘nydrocnloride
resulted in the formation of dihydropsoralidin (18).
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Isopsoralidin (21), isomeric hydroxy’chroﬁan is
an acid ch&alysed rearraﬁged product of psoralidihe, has
been synthesised by D. Nasipuri and G. Pyne2°’33. Hoe sch
condensation of é,#udimethoxy benzyl cyanide with 2,2.di.
methyl.7.hydroxy chroman (22) furnished 2,4-dimeth6xy benzyl
-7..hydroxy..2,2-dimethylchi‘omm_é-yl-ketqﬁé (2‘5) , which was
converded into the 4.hydroxycoumarin derivative (%), by
ethyl chloroformate and thence into isopsoralidiﬁe (21) by

heating 1t with aniline hydrochloride.
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V.K.Karla and his co.workers - synthesised lucernol

and sativol dimethyl ether using this method.
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PV

2.Hydroxy.4,5.dimethoxy phenyl.-2,4-dimethoxy benzyl
ketone (25), a key intermediate in the synthesis of lucernol
was prepared by following route. Friedle.Crafts reaction of
2,%.dimethoxy phenyl acetyl chloride with 1,2,k.trimethoxy
benzene gave a mixture of 2.methoxy and hydroxy ketones. The
partial demethylation was completed by refluxing with
aluminium chloride in methyl cyanide (1/2 heur) ylelded the
required 2.hydroxy ketone (29). Cyclisation of (25) with
ethyl chloroformate gave 6,7,2’,l+’..’cetramethoxy=3..phenyl-lr-
hydroxycoumarin (26). Demethylative ring closure with
hydrogen iodide at (bath temperature 1700) for 2 hauz_‘s in
carbon di:oxide atmoéphera yielded lucernol (27). Its purity
was establishéd by TLC and Paper Chromatography. It was -
identical with an authentic sample of natural lucernol in

TLG,-Paper Chromatography, Spectra and mixed meltihg poiﬁt.

2.Hydroxy.3 ,1+..dimethoxy.phenyl-a,k-dimethoxy benzyl
ketone (28) was cyclised with ethyl chloroformate to 7,8,27 4’.
tetramethoxy..3..phenyl.h.hydroxygoumarin (29) « Demethylative
ring closure with hydrogen iodide (bath temperature 100°) for
- five minutes yielded a mixture which on methylation with
dimeéhyl sulphate and potassium carbonate in acetone gave
sativol dimethyl ether (30) identical in chromafography

behaviour, spectra and mixed melting point with the dimethyl
ether of natural sativol.
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. 35

(2) Coumestan was synthesised by Mentzer et al.
Thermal condensation of equimolar amounts of o.methéxy- /
phenyl malonate with phenol gave 3.(2.-methoxyphenyl)-%-hydvoxy.-

coumarin (31), which on treatment with pyridine hydrochloride
produced coume stan (1)
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(3) Coumestan was also synthesisgd by Chatterjea
and Royss. They condensed o.methoxy phenyl acetonitrile (32)
with ethyl o-methoxy benzoate (33) 1n.the presence of
' sodium ethoxide and obtained an intermediate ketonitrile (3%)

whlch on treatment with hydro bromic acid gave coumestan (.
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(4) Coumestrol aﬁd series of related isomers of
coumestrol.were gynthesised by hydrogen peroxide oxidation
of appropriately substituted 2?.hydroxy.3.methoxy flavy;ium
saltsss’”. An appropriately substituted o.hydroxy benzaldehyde
( 355 was condensed in an etheral hydrogen chloride solution
with w.methoxy.2,4.dibenzyloxy acetophenone (36). The salt
is debenzylated: with hydrochloriec acid to give the desired
flavylium salt (37) The salt is oxidised with hydrogen
peroxide in aqueous methanol to give the 3-carbomethoxy
benzofuran (38), which is then rapidly hydrolysed and
lactonises on acidlfication to give coumestan derivatives
(39). The orientation pattern of the ring (D) is governed
by the aldehyde (35) « &n aldehyde (35) substituted at R,
Ry (Rp=R3=H) Wwill produce substitution in t?xe 13,-positign
of the (D) ring (39). Similarly Ro(Ry=R3=H) substituted
aldehydes produces the ll-series and Ra(R;-Rz_H) the 10.seties.

Trifoliol was synthesised by this method. 5-Benzoyl.
OXY—'?-qudroxy-Bmethoxy-z’,h’.dipenzyloxy flavylium chloride
(40) , on peroxide oxidation gave the intermediate (41) which
was methylated to (42) and then debenzylated to yield 7_benzyl-
0%y-3-hydroxy-9.methoxycoumestan (43). Alkaline hydrolysis
of the latter compound furnished ‘3,7-d1hydroxy-9.me£noxy..‘
coumestan (trifoliol) (ih) .

'i‘rifoliol is the first reported natural product
containing a substituted phloroglucinol-like structure in
ring (D). This is of pafticular bio-syni;hetic interest because
it was thought that only the riﬂg (A) of .flavonoids arises
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N i
from phloroglucinol. °. Trifoliol has no oestrogenic activity,

in contrast to the parent phenol (45), which is as active as
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Le Jurd“a has synthesised medicagol recently by
carrying out hydrogen peroxide oxidation of 3.mefhoxy-6,7-
methylene -dioxy.2? ¢4 -dihydroxy flavylium chloride,

L. L. Simonova and A. . Shamsnurinus‘synthssisad
7,11-dihydroxycoumestan by peroxide oxidation of 2?,4°,6°-
trihydroxy.-3.methoxy flavylium chlo¥oride.

Spencer, Knuckles and Biekoff%? synthesised
7-hydroxy.l1ll,12-dimethoxycoumestan by hydrogen peroxide )
oxidation‘of 6,742 4% ~tetrahydroxy flavylium chloride and
selective methylation of 7,11,12-trihydroxycoumestan.

(55 Yoshiyuki Kawasel+5 synthesised coumestrol
by the fqliowing method. The ketonitrile (46) obtalned by
condensation of methyl.2,4-dimethoxy benzoate and 2,4
dimethoxy benzyl cianide in the presence of sodium hydride,

was treated with pyridine hydrochloride to give coumestrol.
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. chatterjga and Prasad46 have recently synthesised
tri-O.methyl.wedelolactone by the mgthod 9f Yoshiyuki and
Kawase&5« The ketonitrile (47) obt2ined by condensation of
2,4,5-trimethoxy benzyl cYéﬁide and ethyl.2,k,6-trimethoxy
benzoate in the presence of sodium hydride, was treated
with pyridine hydrochloride to yield (48), which was readily
methylated tri.Q-methyl wedelolactone‘(lé).
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: , %7
Chatterjea, Banerji and Prasad have synthesised

~ dihydropsoralidin by using the method of Yoshiyuki Kawase.

Treatment of the ketonitriie, a-(2,t-dimethoxy..5-1 sopentyl -
benzoyl).-2,4.dimethoxy benzyl cyanide (49), obtained by
condensation of methyl-2,4—dime§hoxy-5-isc)pentyl benzoate
(50) and 2,4.dimethoXy benzyl cyanide, in the presence of .
pyridine hydrochloride, led to the formation  dihydro~-
psoralidine (18).
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_ Chatterjea, Banerji and Prasad ' synthesisdd iso.
psoralidin-by using this methods They have condensed methyl.
2y3-dimethyl.7-methoxy chroman benzoate (51) with 2,4.di.
methoxy benzyl eyanide in the presence of sodium hydride to

obtain ketonitrile (52) gave treatment of it with pyridine
hyd}ochloride gave isopsoralidin.
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(6) Wanzlick and (:c..t«ror]:;ersw8 prepared wedelo.
lactone (17) by dehydrogenative coupling of catachol with
lf,5-dihydroxy-7.me‘«;.hoxycoumarin (53) obtained by partial
methylatton ofk,5,7;trihydroxycoﬁmarin,with methyl sulphate
and sodium carbonate and potassium ferricyanide. Similarly,
the angular coumaronocoumarin ( 5%) was obtained by dehydro.
genation of oatachol in the presence of Y.-hydroxycoumarin

and a mixture of sodium acetate and potassium’ lodate,
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The mechanism given by the authors is as shown below :.
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~Medicagol was synthesised by using this method.

i

4;7.D1h§droxycoumarin (55) which was oxidatively coupled
48
with catachol '+ Methylation of (56) with diiodomethane

gave (57).
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Subba Rao and cc..'iv-'.c:rkersu9 synthesised 7-hydroxy.
ll,lz-dimethoxycouméstan by the method of Wanzlicke. 7fBenzyloxy-
~4._hydroxycoumarin (58) was prepafed.by the condensation of k.

benzyloxy.-2-hydroxy acetophenone (959) with/sodium and ethyl
| carbonate adopting Boyd-Roberiscn method. Dehydrogenative
condensation with catachol in the presehce of potassium
ferricyanide ard sodium acetate gave 7-benzyloxy.ll,l2.
dihydroxycoume stan (60), which on methylation afforded
dimethyl ether (61) 4, debenzylat’ion with glacial acetic acid
and hydrochloric acid (1 : 1) gave 7-hydroxy -11,12-d imethoxy- -
coumestan (62). '

Triacetate of 7, 11 12-trihydroxycoumestan was
prepared by A.4.Shamshurin and L.L.Slmonovaso. It was prepared
by treating catachol with 4,7.dihydroxycoumarin and potassium
hypoiodate in the presence of sodium acetate in a water.acetone
medium at a 20-40 « The resulting 11.hydroxycoumestrol is
treated with acetic anhydrlded in the presence of sodium
. acetate at the boiling point of the reactiob mixture tri.a

acetdte of 7,11,12-trihydroxy coumestan (stimol.4100).

Subba Rao and co.workerssi synthesised number of
tetrahydrocoumestan (63) and coumestan derivatives (6%) in
45.55 ¢ yield by treéting k. hydroxycoumarin (65) with
2fchlorocy010hexanone (66) in 5oiling xylene using anhydrous

potassium carbonate as a baslic condensing agent.
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R=b.methyl, 7.methyl, é-chloro.

This method constitutes a new route for the

synthesis of coumestan with different substitution in the ring
A,
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y Thomas Kappe and Schmid;52 synthesised coumestan
derivatives starting with k. hydroxy-3.phenyleoumarin
derivatives. Cyclodehydrogenation of #-hydroxy-3.pheny1~
coumarin derivatives (67) in refluxing diphenyl ether
containing 10 4 palladised charcoal, while air is bubbled
through the reaction mixture, gave the corfespondiqg coumestan

derivatives (68).
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The coumestan (68) (a-d) can be easily separated
from the starting material by their insolubility in dilute
sodium hydroxide solution. They show a blue fluorescence
on thinxléyer chromatography under ultra violet light. In
the NMR spectra, the downfield shift of the proton &t
positiond 7 to J 8.0-8.3 1s characteristic for these
compounds.,

Thomas Kappe and B:':a;r1<iim=:r53 synthesisgd also
coumestrol by using the above procedure. The thermal
condensation of resorcinol monormathyl ether (69) with
Di_2,4,6-trichloro phenyl-(#.metpoxy phenyl) malenate (70)
at 210° for 15 minutes gave to L.hydroxy.3.(4?.methoxy.
phenyl) -7-methoxXycoumarin (71), which undervent eyclode. |
hydrogenation with palladised charcoal ( 10 ), to give
'3,9-dimethoxycoumestan (72), which on demethylation with
HBr.HOAC gave coumestrol. '_

" Dholakia and Trivedi’® synthesised following
coumestan derivative by oxidative condensation of catachol
with different &.hydgoxycoumapins followed by methylation.
2-Methyl-8,9-dime thyxy.6H-benzofure (3,2.¢) benzopyran (73 a) ,
2,8,9~trimethoxy.-6-oxo-6H-benzofuro (3,2-c) benzopyran (73 b),
4.methyl-3,8,9-trimethoxy.6-oxo-6H-benzofuro (3,2-¢) benzo-
pyran (73 ¢), 1,8,9-tr1methoxy-6-oko-6H-benzofurand(3,2.c)
benZOpjran (73 d) and 3,4,8,9-tetramethoxy.6.0%0-6H.benzo..
furo (3,2-c$ benzopyran (73).
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QcH,y

OCHy

73 a, R=Rpy=R3 = H, R = ~CHj.

73b, R=Ry=R; =H; Ry = ~OCHs.

73c¢, R=R =H; Rp= :0;0H3 ; Ry = -CHj.
73 d, R= .0CHs;; B = Rp = Ry = H,

73 e, R=TRy =H; Ry=R; = ~0CH;.

Shaikh and Triwedi” syntixes,iséd 1,3,438,9.penta_
methoxy-6-0%o.6H.be nzofuro (3,2..c) benzopyran (7‘4} by
oxidative coupling (;f 5 ,‘7,B;trimethoxy.H.hydroiycoumarin
with catachol In the presence of potassium iodate and
sodium acetate followed by methylation with dimethyl
sulphate .

.

Coumaronofurocoumarins are the compounds in whieh
a furan ring is fused to the coumarono-coumarin ring. This
group is represented by the natural occurence of erosnin (75), .

1solated from the seeds of phacyrrhizus erosus (yam-beans).



QcCHg aH

~ OH
4 ‘
.Hq co OH
3 C) C)
OcHaq,

HSCO

(eHg)zsey,
I chog
Acelone

P

HyCo

252



Ke Fukai and N. 3L\Iaazkaqrama§‘S synthesised erosnin
(79) by dehydrogenative coupling of 5.hydroxy psoralene (76)
and cgtachol 1n the presence of potassium ferricyanide |
according to the method of Wanzlick and co.workers followed

by methylation with methylene iodide.

' 6au59%6
Dihydro erosnin 361 5’-

‘Wwas prepared by appropriate ,

ketonitrile obtaired by means of Hoesch reaction. Attempts
. A

to bring about thydrogenation of {(77) to erosnin by action

of N.Bromo suceinimide were unsuccessfule
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PRESENT WORK.

From the above review, it is evident that coumestan
and furocoumestan, are of great interest and importance,
not only because of their occurence in nature, but also duec
to their valuable estrogenic properties. In continuation of
the work carried out on coumestan derivatives in this labora.
tory by Dholakia and Trivedi and Shaikh and Trivedi, it was
therefore thought of interest fo study some reaction of
hydroxycoumestan derivatives and to build up furan ring
on theme - ‘

The folloﬁing furocoumestan derivatiwes are
synthesised by the oxidative coupling of catachol with
dif ferent Y.hydroxycoumarin derivative, followed by methylation,
Claisen migration, cyclisation and dehydrogenation with
ﬁalladised charcogsle.
. 1. 5%.Methyl-8,9-dimethoxy-furo (2,3-h) coumestan (83).
2+ 4,52Dimethyl.8,9-dimethoxy-furo (3,2-g) coumestan (88).

3. 5'-Methyl.8,9-dimethoxy furo (3,2-f), coumestan (93).

l. Synthesis of 5%.methyl.8,9-dimethoxy.furo (2,3.h)coumestan

(83) ‘
t-Hydroxy.7.allyloxycoumarin (78) was prepared

according to Dholakia and @5&ved157.

4_Hydroxy-?-allylbxycoumarin (78) on dehydrogenative

coupling with catachol in Fhe presence'of potassium iodate
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gave 3-a11yloxy-8,9-éihydroxycoumestan (89) « This compound

- was high melting, msope> 300° and was not soluble in sodium |
_bicarbonate. It also developed green colouration with ferric

;:hlo:cide solutione This on methylation with dimethyl sulphate

in the presence of anhydrous potassim carbonate g2ve 3-allyloxy.-
,9-dimethoxycoumestan (80)« The I.R. spactra (fig. 1 ) of

the compound (80) showed a strong band ap 1733 cm.n(lactonyl

> C=0 group) and at 1275 cm:i (aromatic ether linkage).

3-Ailyloxy-é,9-d;methoxycoumestén on Claisen - migration in

an atmosphere of nitrogen afforded 3.hydroxy-4.allyl-8,9.

dimethoxycoumestan (81). I.R. spectram of which shpwed a

band at 1690 cm:i (iactonylh > C=0 group), 3200 cmti ‘

kphenolic hydroxyligroup;?qJgiﬂydroxy—#—allyl-8,9-¢imethoxy;

coume stan on trituration with conc,. Sulphuric acid gave

5%-me thyl-8,9-dimethoxy.+? ,5?-dihydro furc (2,3-h)coume stan
(82), which underwent dehydrogenatioﬁ with palladised charcoal

“to give 5’.methyl-8,9.dimethoxy-furo (2,3-h) coumestan (83),

-1
I.Re spectrum of which showed a strong band at 1740 cm.-

-i
(1actony1 >C=0 group), 1260 cm.- (aromatic ether linkage). (F2-3)

2. Synthesis of 4, 5 dimethyl-819_dimethoxy_furo (3 2-8)

coumestan (88)
4.Hydroxy.7.-allyloxy-8.methyl was prepared according
: 5
to Dholakia and Trivedi 7;

h_Hydroxy,7-allyloxy_8.methylcoumarin on dehydro.
. genative coupling with catachol in the presence of potassium

iodate gave 3-ally1&xy,%.methyl-8 9-dlgydroxyccumestan (84 »
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Hyc=H cH,ca O o Hye=H cH, O O
(79)

- (80)

! Dirmethyl amiling.

O OQHq,
02'-!3
~N
Ho N
O ~0
' c“’-@ﬂ&ﬂ“’.
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It was insoluble in sodium bicarbonate and developed green
colouration with ferric chloride solution. It was not
p0881ble to crystallise the compound -as it was*insoluble

in common organic solwvent. This compound on methylation’ with
dimethyl sulphate in presence of anhydrous potassium carbonate
gave 3-a;lyloxy.4.methyl-8,é-dimethoxyeoumestan.(85). (89,
én Claisen migration in ﬁitrogen atmosphere gave.3_hydfoxy-2-
allyl.bt.methyl.8,9-dimethoxycoumestan (86). C#clisation of
3-hydroxy-2.allyl.k.methyl.8,9-dimethoxycoune stan with

conc. sulphuric acid afforded 4, 5’.methyl-8,9-dimethoxy-
4’,5’ ~dihydro furo (3,2-2) coumestan (87), which on dehydro-
genation with palladised charcoal furnlsned 4,57 dimethyl-
8,9-dimethoxy-furo (3, 2-g) commestan (88). The I.R. Spectrum
of (88) showed a strong bapd at 1720 cm.i (lactonyl >C=0
g:oép), 1270 cm:i (aromatic ether 1inkage$. QEQ'H)‘

3. Synthesis of 5’.methyl-a,9.dimethoxy-furo (3,22f)

coumestan (§3) s

A

k.Hydroxy-éﬂallyloxycoumar1n was prepared according
to Bholakiq and Trivedi .

4.Hyd Xy -6-.allyloxycoumarin on dehydrogenative
coupling Wwith catachol in the presence of potassium iodate
gave 2,allyloxy-8,9-dihydroxycoumastan (89). It was insoluble
in sodium bicarbonate and developed green colouratiom with
ferric chloride solution. It is not possible to érystallise
as it'was insolublé in common organic solvent. 2-Allyloxy.

8,9-dihydroxycoumestan on methylation with dimethyl sulphate
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and anhydrous potassiom carbonate afforded 2-allyloxy-8,9.
dimethoxycoumestan (90), which on Claisen migration gave
2-hydroxy-3.allyl-8,9-dimethoxycoumestan (91). This ¢ompound
on trituration with conc. sulphuric acid gave 5’.methyl-8,9-
dimethoxy.’,5’-dlhydro furo (2,3-f) coumestan (92), the

NMR spectrum of (92) showed a the following signals :(H@YS)

§§§?§°?15s) ggﬁ%%iﬁ ~ Signals Assignments.

PpI « J (Cps) . ‘

1.58 - Doublet 3H,-CH3 group at pqsitioﬁ‘
5.

3¢0.3.7 - Multiplet 2H,-CH, group at

) | position 47,

4.0 - Singlet 6H, Two -OCH3 group at
position 8. and 9..

51 . 6e5 Multiplet 1H, at position 5.

6.85 9.0 ' Doublet 28, aromatic proton at

position 3.
7.18 9.0 Doublet 2H, aromatic proton at
position 4.
7.32 - Singlet 1H, aromatic proton at
position 10. g
745 - Doublet 1H, aromatic proton at
| " position 7.
The two proton douﬁlet. at d 6.85 2ndd7.18 confirms

that the two aromatic proton at position 3 and 4 are free to



couple and that the Claisen migration haé taken piace on
position 1.. If migration had taken plaece at position 3.
and ecyclised as in structure (9a%), the aromatic proton at
1- and 4.position would have appesred as singletss 0.7 .. .
57 _Methyl-8,9-dime thoxy k', 5°-dihydro furo (2,3-f)
coumestan (92) on dehydrogenation with palladised cnaréoal
in diphenyl ethef furnished 5’;methyl-8,9f§1methoxy-furo

(3,2-f) coumestan (93).
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EXPERIMENTA L.

I.B.Specfra were determined with Perkin-Elmer 457

Model Spectrophotometer in nujol.

NMR spectra were recorded on Varian A-60 Model

using TMS as internal indicator., SeiVinwry ¢PDeiy (Wa. £

The Ultra-violet absorption Spectra were measured

with Beckmann DU.2 Model Spectrophotometer,

Synthesis of 9%.methyl-8,9-dimethoxy_furo (2,3.h) coumestan

(83) behzdrogenative goupling of Y. hydroxy.7.allyloxy.

L d

coumarin with catgehol : 3eAllyloxy-8,9-dihydroxycoumestan(?79) :

3 4 _Hydroxy-7.allyloxycoumarin was prepared according
. 6
to Dholakia and Trivedis .

3-Allyloxy.-8,9-dihydroxycoumestan  (79)

To the solution of h-hydroxy-?-allyloxycoumarin
(1 g.),catachol,(0.5 g.), and sodigm acetate (2 g.) in
acetone-water (25 ml.y 1 : 1), a solution of ﬁotassium
iodate (0.5 g.) and sodium acetate ‘. (1 g.) in water (10 ml.)
-was added slowly with constant stirring. Ifrwas allowed to
stand for 1 hr. The separsteq product was filterdd, washed
with sodium bicarbonate. The prodact'was insoluble in sodipgm
bicarbogate and de veloped green colouratign with ferrie
chloridé solution, It was not possible to ecrystallise the

compound as it was insoluble in common organic solvent, m.p.
. .
300, Yield 0.8 go .
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nethylation of 3.allyloxy.8,9-~dihydroxycoumestan : 3.Allg-

loxy-8,9-dimethoxycoumestan (80)

"

" A mixture of 3-allyloxy.-8,9-dihydroxycoumestan
(2 g.) dimethyl sulphate (1.6 g.) and anhydrous potassium
carbonate (4 g.) in dry acetone (100 ml.) were refluxed on
a water bath.for 8 hr. After the evaporation of acetone, the
residuerwas treated with water. The product was filtered,
washed with dilute sodium hydroxide solution and erystallisdd
from acetic acid, map. 198°. Yield 1.8 g.
Analysis |
C20M1 60¢
I.R ..s:pe ctrum

-

Faun.d : c,_ 68.’1‘7 H, )+082 Y e

H, 4455 % -
-4
1733 cm.- (lactonyl > C=0 group),

e

e

requires . C, 68.19

-1
1275 cm..- (aromatic ether linkage).

Claisen migration of 3-allyloxy-8,9-dimethoxycoumestan
3-Hydroxy.4.allyl.8,9-dimethoxycoumestan (81) :

3-A1lyloxy-8,9-dimethoxycoumestan (2 g.) was
refluxed in dimethyl aniline (10 ml.) under nitrogen atmos.
phere for 6 hr. The reaction mixbure was cooled andp poured
Into ice and cone, hydrochloric acid. The solid which separated
was \filtered, washed with waigr and treated with dilute sodium
hydroxide solution. It was again filtered, acidifie d and
crystallised from acetic acid, m.p. 258°« Yield 1.5 g.

Analysis s Found

¢ Cy 67490 5 Hy Lotk ¢

Cooli60¢ . 't requires : C, 68¢19 ; H, %.55 4.
. - -3
I.R.spectrum : 1690 cm.-- (lactonyl >C=0 group), 3200 cm.-

(aromatic hydro®y group).
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.Cyclisation of 3-hydroxy.t.allyl-8,9-dimethoxycoumestan :

51.Methyl.8,9-dime thoxy-4?,5%-dihydro furo (2,3-h) coumestan(82) :

3.Hydroxy-4-allyl-8,9-dimethoxycoume stan (0.7 g.)
was triturated with conc. sulphuric acid (& ml.) for 10 minutes.
The reaction mixture was poured into crushed ice éndtwatgr.
The separated product was filtered, washed with dilute sodium
hydroxide solution and dried., It was purified by passing a
chloroform solution of it over a short column of alumina. It
crystallised from chloroform-petroleum ether, m.pe. 2030;

Yield 0.5.g.

Analysis : Found : C, 67.72 Hy 4,72 ¢

C, 68019 ; H, 4055 %o

L M

C2oHi 606 s requires

Dehydrogenat ion of 5’.methyl-8,9-dimethoxy.-43,9r.dihydro

furo (2,3-h) -coumestan : 5’.Methyl.8,9-dimethoxy_furo

(2,3.5) coumestan (83)

52-Methyl-8,9-dimethoxy.4?,5-dihydro furo (2,3-h)
coumestan (0.8 g.) was refluxéd with diphenyl ether (6 ml.)
in the presence of palladised cﬁarcoal (06 g+ 5 10 ¢) for
20 hr. The reaction mixture was filtered hot and allowed
to cool, To the cooled solution, petroleum ether was‘added
and the separated product was filtered. It was purified by
passiﬁg a benzene solution of it over a shat column of
alumina. It crystailised from benzene.petroleum ether, m.ps .

253° Yield 0.5 g.
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Found 3 C, 68.28 5 H, 3.93 ¢

L

Analysis

" C20H 406 requires 3 C, 68467 3 H, 4.00 4.
” 3

.-1 -
I.R.spectrum 1740 cm.- (lactonyl > C=0 group), 1260 cme:

L]

(aromatic ether linkage).

Methanol .
>\ SHEne 242 mm (log e H.97), 340 nm (log e

Max,

‘ l“t"‘l‘O) »

Synthesis of 4,5’.dimethyl-8,9-dimethoxy-furo (3,2-g)coumestan

(88) : Dehydrogenative coupling of W.hydroxy.7-allyloxy-8-

methylcoumarin with catachol :

4_Hydroxy.7-allyloxy-8.methylcoumarin was prepared
56
according to Dholakia and Trivedi .

3-Allyloxy-t.methyl-8,9.dihydroxycoumastan (84)

To the solution of %.nydroxy-7fallyloxy—8.methyl-
coumarin (1 g.), catachol (0.5 g.) and sodium acetate (2 g.)
in acetone.water (25 ml.; 1: 1), a solution of potassium
iodate (0.5 g.) and sodium acetate (1 g.) in water (10 ml.)
was added slowly with constant stirring. It was allowed to
stand for 1 hr. The reaction mixture was worked u£ as before.
The product was insoluble in sodium bicarbonate and developed
green colouration with ferrie chloride solutioﬁ.lt was
possible to erystallise the compound as it was insoluble in

0
common organic solvent, m.p. 300 « Yield 0.5 g.

Methylation of 3.allyloxy.4.methyl-8,9-4ihydroxycoumestan

3-Allyloxy 4.-methyl-8,9-dimethoxXycoumestan (89)




pAS]
N
(.

A mixture of 3.allyloxy-4%.-methyl.8,9-dihydroxy-
coumestan (2 g.), dimethyl sulphate (1.6 g.) and anhydrous
potassium carbonate (4 g.) in dry acetone (100 ml.) were
refluxed on a wétgr bath for 8 hr. The reaction mixture was
worked up as usual. The product crystallised from acetic

acid, m.p. 212°. Yield 1.8 g

Analysis : Found : C, 6842 5 Hy 5.15 %

C21Hi80¢ i requires : C, 68.85 ; Hy 492 Z.

i

Claisen rearrangement of 3-a11yloxy.l+.methyli.8,9.dimethoxy-

coumestan : 3.Hydroxy.2-allyl 4.methyl.8,9-dimethoxycoumestan(86):

 3-Allyloxy.4.methyl.8,9-dimethoxycoumestan (2 g.)
was refluxed in dimethyl aniline (10 ml.) in the nitrogen
- atmosphere for 6 hr. The reaction mixture was worked up as

usual. The product crystaliised from acetlc acid, meps 247 .
Yield 1.5 g,

~

Analgsis ¢+ Found : C, 69.07 3 Hy 5.60 %

CaHLBOG : requires H C, 68.85 H9 4092 %o

s

Cyclisation of 3..hydroxy..2..allyl.)+_méthy1..8,9..dimethoxy-

coumestan : 4,5'.Dimethyl.8,9.dimethoxy.}4?,5?-dihydro furo

(3,2-g) coumestan (87) :

3-Hydroxy.2-allyl-4.methyl-8,9.dimethoxycoumestan
(0.8 g.) was triturated with cone. sulphuric acid (¥ ml.)
fo:t" 10 minutes. The reaction mixture was pouréd'into erushed |
ice and water. The product was filtered, washed with diluté

sodium hydroxide solutlion and crystallised from acetic acid,



 mepe 265°. Yield 0.5 g.

Analysis : Found : C, 68455 5 Hy 4,60 4
}
Hy %.92 %o

e

C’aﬁleos : requires i C, 68.85

Dehydrogenation of 4,5’_dimethyl.8,9-dimethoxyH’,5 -dihydro-

furo (3,2-g) coumestan 4,5'.Dimethyl.8,9-dimethoxXy.furo

' (3,2-g) coumestam (88)

4,5-Dimethyl-8,9-dimethoxy-4?,5t-dihydro furo

(3,2-g) coumestan (0.8 g.) was refluxed with diphenyl ether

(6 ml.) in the presence of palladised charcoal (0.6 g.; 10 %),
for 20 5r. The reaction mixture was worked up as before. The
compouna was crystallised from acetic acid, m.p. 288°. Yield

005 g.

Analysis

L1}

Found : C, 69.31 ; H, 4.15 %
requires x C, 69.23 ; H, 4.39 4.

Co1Hy ¢0¢

id

-1
I.Respectrum : 1720 cm.-- (lactonyl > C=0, group),
—-3‘ -
1270 cm.-- (aromatic ether linkage).
Methanol -

4 Mx,
4.27).

286 mn (log e 3.81), 350 nm (log e

Synthesis of 5?.methyl-8,9-dimethoxy.furo (3,2-f) coumestan

(93) : Dehydrogenative coupling of 4.hydroXy.6.allyloXy..

coumarin with catachol : 2-411yloxy.-8,9-dihydroxycoumestan(89) :

4_Hydroxy.-6-allyloxycoumarin was prepared aceording

to Dholakia end Trivedi’,

To the solution of 4-hydroxy.6.allyloxycoumarin
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(1 g.), catachol (0.5 g.) and sodium acetate (2 g.) in acetons
~-water (29 ml.; 1:1), a solution of potassium iodate (6.5 ge)
and sodium acetate (1 g.) in water (10 ml.) was added SIOWIy
with constant stirring. It was allowed to stand for 1 hr.

The reaction mixture was worked up as before. The product was
insoluble in sodium bicarbonate solution and developed %reen
colouration with ferric chloride solution. It was not
possible to crystallised the compound as it was insoluble

o .
in common organic solvent, m.p. >300 « Yield 0.8 g,

Méthylétion of 2-allyloxy-8,9-dihydroxycoumestan : 2.-Allyl.

0Xy._8,9~dimethoXxycoumestan (90)

A mixture of 2-allyloxy-8,3-dihydroxycoumestan
(2 g.) dimethyl sulphate (1.6 g.) and anhydrous potassium
carbonate (4% g.) in dry acetone (100 ml,) were refluxed in
a water bath for 8 hr. The reaction mixture was worked up
as usual. The product crystallised from &etic acid, g.p. 1760.'
Yield 1.5 g.

Analysis : Found : C, 67.75 5 H, 4.82 7

H, .55 %o
. -3
I.R. spectrum : 1730 cem.-- (lactonyl > C=0 group) ,

~keo

CaoHi g0 : requires : C, 68.19

L 22

~

-3
1270 cme+» (aromatic sether linkage) .

Claisen rearrangement of 2-allyloxy-8,9-4 imethoxycoumestan

2-Hydroxy.l-allyl-8,9-dimethoxycoumestan (91)

»
.

2-Allyloxy-8,9-dimethoxycoumestan (2 g.) was

refluxed in dimethyl aniline (10 ml.) in nitrogen atmosphere
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for 6 hr, The reaction mixture was worked up as usual. The

o
product crystellised from acetic acid, m.p. 222 « Yield 1.8 g.

Analysis

L]

Found 3 C, 67.81 ; H, L3 7
C25H3606 : requires : C, 68.19 ; H, 455 4.

I.R. 'Spectrum : 1705 cm?- (lactonyl > C=0 group),
1265 cm':}- (aromatic ether linkage), and a broad band at
3280 an? (aromatic hydroxyl group)e.

Cyclisation of 2.hydroxy.l.allyl.8,9-dimethoxycoumestan :

5 -Methyl.8,9.dimethoxy.tt .5 -dihydroxy furo (3,2.f)coumestan (92)

2.Hydroxy.l-allyl-8,9-dime thoXycoumestan (0.8 g.)
was triturated with conec. sulphuric acid (4 ml.) for 10 minutes.
The reaction mixture Vas poured into crushed ice and water.
The product was filtered, washed with diluté sodium hydroxide
solution -and crystallised from acetic acid, m.p. 239 e

Yield 045 g

Arialysis : FPFound

-

C, 67.9% 3 Hy 4.36 %

requires : C, 68.19 ; Hy 4,55 .
-1
1720 cm.-- (lactonyl > C=0 group),

1270 cm,.-- (aromatic ether linkage).

CaoHL606

I.R,spectrum

[ L

Dehydrogenation of 5’.methyl-8,9-dimethoxy.’,5° dihydro

furo (3,2-f) coumestan : 5 .Methyl.8,9-dimethoxy-furo

(3,2-f) coumestan (93)

5’ Methyl-8,9-dimethoxy 4’ 5’ dihydro furo (3,2-f)
coumestan (0.8 g.) was refluxed with di:phenyl ether (6 ml.)

in the presence of palladised charcoal (0.6 g.; 10 7;5 for



D
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(514

20 hr. The reaction mixture was Worked up as before. The
compound crystallised from acetic acid, m.p. 262 o Yield
0t5 g

Analysis Found

C, 68463 £ H,y 3.99 %
requires : C, 68.57 3 H, 4.00 %.

caoﬁx 10¢

-n

‘ -3

I.R. spectyrum 1710 cm.+ (lactonyl > C=0. group),
—m -

1266 cm.-- (aromatic ether linkage).

Meth '
>\ N anol 248 nm (log e 4.30), 282 nm (log e
22X o .

4.01), 306 tm (log e 3.92) and at 355 nm (log e k.47).
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