CHAPTER II

Studies_in the Synthesis of Benzofuro-

coumarins




THEORETICAL

The group coumaronocoumarin or coumarimo-
benzofuran or benzofuro-q-benzopyrone 1s represented by
naturally occurring ecoumestrol, wedelolactone,trifoliol,
medicagol and psoralidin. The benzofuro(3,2-c)benzopyrans
are of structural interest in that they are related to the
coumarinochromans and the 3-ary1coumar1ng.

The trivial mame, coumestan (1),has been proposed
for the skeletal structure of the heterocycliec four ring
system havirg the systén;ét ic name, 6—oxo—63—bemofuro(3;2-c)

i
benzopyran .

1

A discussion of oestrogenie getivity in coumarin
type compounds may include a brief consideration of the
closely related 1soflavones, which were the first of the
plant phemolics to show such activity. The isoflavones may
well be the source of coumarin oestrogens, s.g.coumestrol

(2). in the plant.



a2

Bickoff and coworkersz’3 isolated coumestrol
which was 30 times as potent as genistein. The relationship
of coumestrol structure to its biological activity has been
'investigated“’s, and a mmber of correlations of structure
with activity was .observed,

The oestrogenle activity is attributed to its
stilbene-like structure analogous to that of diethyl-
stilbestrol (3) and to the natural estradiol (i),

OH

3) . 4>
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The ether bridge in ecoumestrol (2) stabilizes
‘the double bord in éa,1la positions to maintain the
stilbers ~1ike structure. When this ring is opened, this
double bond is free to resonate aml keto-enol tautomerism
ax:ists‘. The a-pyrdhe ring structure is important as the
furan structure for maintenance of the oestrogenic activity

of coumestrol.

The methods of synthesis of some of the naturally
occurrirg benzofuro(3,2-c)benzopyrans are reviewed here,

Coumestrol or 3, 9-d thydroxy -6 ~0Xo ~6H-benzofuroe
(3~,é-c)benzc>pyran is an oestrogenic substance found in

2972 8
ladim clover 1n glfalfa ? and in other legumes .

] . 1
Emerson and Bickoff condensed 2,4-dimethoxy-
Pherylacetonitrile (5) with resorcinol and obtained
a-(2,4-dimethoxyphenyl) -2,k-dihydroxyacetophenore (6),
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which on treatment with methyl chloroformate,yiqided '
3-(2,4-d imethoxyphenyl) -l ,7~d1ihyd roxycoumarin (7). It was
then cyclised by heating with aniline hydrochleride to

coumestrol (2).

Coumestan or 6-oxo-6H-benzofuro(3,2-c)benzopyran
(1) was synthesised by Mentzer ggngg.lo pheml on thermal
cordensation with o-methoxyphenylmalonate gave 3-(2-methoxy
phenyl) -4 ~hydroxycoumarin (8) which on treatment with
pyridire hydrochloride produced coumestan (1)e
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Coumestan wés also synthesised by Chatterjea and

Royiz. They condensed o-methoxyphenylacetonitrile (9) with
ethyl~-o-methoxybenzoate (10) in the preéemerf sod ium
ethoxide and obtained an intermediate ketonitrile (11)

which on treatment with hydrobromic acid gave coumestan,
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H By

.)‘urc13'2 synthesised coumestrol and related compounds
l.'fy hydrogen peroxide oxidation of ap;propriately subst ituted
2 hydroxy-3-methoxyflavylium salts. 2.k.7-Fr fhydroxy=-3-
methoxyflavylium chloride (12) when oxidised with hydrogen

peroxide in aqueous methanol gave 3-carbomethoxybenzofuran (13)
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which on acidifisatidnilactonizes rapidely to coumestrol.

AN OCH 3 COOCH, i
i3 .
+ .

OH
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HO'

i
Govindachari and cowoOrkers 3 have isolated

wedelolactone (1,8,9-trihydroxy-3-methoxy-6-oxo-6H-

benzofuro(3,2-c)benzopyran) (14) from the leaves of

Wedelia calendulacea (compositae).

OH
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Govindachari et al. = have synthesised tri-o-
methylwedelolactone. Asarylaldehyde, obtained in nearly
quantitative yleld from 1,2,4-trimethoxybenzene by
treatment with dimethylformamide was converted into 2,4,5-
trimethoxybenzyl cyanide, through 2,u4,5~trimethoxyphenyl
pyruvic acid. The deoxybenzoin (15) obtained by Hoesch
reaction of this cyanide with phloreglucimsl was converted
by selective methylation into the dimethyl ether (16) ami
then by ethyl carbomate anl sodium into the h-hydroxy -
coumarin (17) which when heated with aniline hydrochloride
was conva:l'ted intg; the benzofurobenzopyran, tri-o-methyl-
wedelolactone (18).

: Chatterjee and Pras@d“ have -recently syntl;asised
tri-o-methylwedelolactors (18). The keto nitrile (19),
obtained by the cormdensat fon of 2‘,1r,‘/5-tr1methoxybenzy1
cyanide and ethyl 2,4,6-trimethoxybenzoate in the presemce
of sodium hydride, was treated with pyridine hydrochloride
to yield (20) which was readily methylated to tri-o-
methylwedelolactone (18).
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Wanzlick and ‘ceworkersf‘ prepared wedelolactone
(14) by dehydrogenative coupling of catechol with #;5-
dihydroxy -7 -methoxycoumarin (21) and potassium ferricyanide,
In place of potassium ferricyanide, potassiul lodate is alse

used 1n the syntheses of benzofurobenzopyrans.
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The mechanism given by the authors is as shown
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Trifoliol (3,7-dihydroxy-9-methoxy-6-oxo-6H~
benzofuro(3,2-¢)benzopyran ) (26):wgs isolated from ladimno
clover by L;Jurd and coworker#xy. The structure of trifoliol
was proved on the basis of U.V. and NMR spectra and also by
degradation method. The structure was confirmed by its
synthesis, starting with 5-benzoyloxy-7-hydroxy-3-methoxy-
'szldibenzyioxyflavylium chloride (22)
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Peroxide oxidation qf’ the flavylium salt gave the 147

intermediate (23) which was ;nethylated to (24) and then

debenzylated i:o give 7 —benzoyloxy-'-3-hydroxy—9-methoxy-

coumestan (25). Alkaline hydrolysis of the latter compound

" furnished 3,7-dihydroxy~9-methoxycoumsstan (trifoliol) (26).
Medicagol (3~-hydroxy-8,9-d 1oxymetf1ylene ~6-0x0~6H~

benzofuro(3,2-c)benzopyran (29) 1is isolated as a mixture .

with pisatimp from alfalfa meal. It was synthesised by

oxidative condensation of H,?—di.‘hydroxyeoumarin (27) with
catechol, Mothylemation of (28) with methyleredilodide gave
med icagol (29). “
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, L.Jhrdfa has synthesised medicagol recently by
carrying out hydrogen peroxide oxidation of 3-methoxy-6,7-
ﬁothylenedioxy-zzh:dihydroxyflavylium chloride.

Psoralidin or 2-isopenteny1?3,9-d1hydroxy-6-axoa
6H-benzofuro(3,2-c)benzopyran (30) was first isolated from
the pericarp of the seeds of P.Corylifolia L. by

19
Chakravarti aml coworkers

. : 2o

' Later Sengupta and coworkers 1isolated the same
psoralidin from. the alecoholic extract of the seed kernel
of Psoralea Corylifolia Linn and proved thét it is the

isopentenyl derivative of coumestrol.

As psoralidin is labile to acids, it has not been
synthesised but»many workers have synthesised dihydro-
psoralidin: (33). Masipuri and Egnez} ard Bickoff qg_g}.zz
have treatedAé,k-dihydroxy-5-isepenty1o2,k-dimethoxy—
benzyl ketone (31), which was obtained by Hoesch reaction
of 2,4-dimethoxybenzyl eyanide and k-isopentyl resorcinol
with ethyl chloroformate, followed by treétment with alkall
and then with acid to give k,?-d1hydroxy-5—isopenty1-3—
(2:%:dimethoxyphenyl)coumarin (32). When this coumarin (32)
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was treated with anilin® hydrochloride, it gave 150
dinhydropsoralidin (33). 1

The authors have also synthesised isopsoralidin
(37). Hoesch condensation of 2,+-dimethoxybenzyl cyanide
with 7-hydroxy-2,2-dimethylchroman (34) furnished 2,4-
dimethoxybenzyl~7-hydroxy=-2,2-dimethylchroman-6-yl ketone
(35) which was converted into the &-hydroxycoumarin
derivative (36) by sodium ard ethyl c;rbonate and therce
into isopsoralidin (37) by heating it with aniline
hydrochloride. )

Similarly they have condensed methyl-2,2-dimethyl-
7 -methoxychroman benzoate with 2,#—dimethoxybenzy1 eyanide
in the presenmce of sodlum hydride followed by the treatment
with pyridire hydrochloride to yield 1sopsofalidin.

Chatterjea, Banerjee and Pra33623 pava prepared .
dihydropsoralidin (33) and isopsoralidin (37). Methyl-2,h-
d imethoxy -5-1sopenterylbénzoate (38) was condensed with
2,4-dimethoxybenzyl ecyanide in the presence of sodium
hydride to yield a keto nitrile (39) which was then
heated with pyridime hydrochlorida to dihydropsoralidin (33}.
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In view of the pharmacological a‘.ctivj.?:y of 1 53
coumestrol derivatives, it was throught .of interest to
synthesise different benzofurobGBZOpyroné derivatives having
subst ituents like OH,-CH;, -0CH; groups in the benzanoid |
parts of the coumestrol molecules

The following benzofurécoumarins are synthesised

by the oxidative condensation of catechol with different

Y -hydroxycoumarins.

1, 2~Rbthy1;8,9—dimethoxy-6~oxo—6H;benzofuro(3,2-c)
benzopyrane )

2, - 2,8,9-Tr imethoxy -6 -oxo ~6H-benzofuro (3,2-c)
benzopyran. - H

3e k-bbthyl—S,S,9-trimethoxy~6—oxo—6Hébenzofuro
(3,2-c)benquyran,

b, 1,8,9-Trimethoxy-6-0xo-6H-benzofuro(3,2-c)
benzopyran,. ) ‘

5. 3,448 ,9-Tetramethoxy -6 -0xo -6H-benzofuro(3,2-c)
benzopyrane

Synthegis of 2-Methyl-8,9-dimethoxy-6-0xo-6H=-
benzofuro(3,2-c) benzopyran (42) s

On oxidative condensation of catechol with
4 -hydroxy -6-methylecoumar in (40) in the presence of potassium
iodate and sodium acetate yielded 2-methyl-8,9~-dihydroxy -6~
oxo -6H-benzofuro(3,2-c)benzopyran (41).

The above benzofurocoumarin (41) was then
methylated with dimethyl sulphate and anhydrous potassium
"carbonate in acetone to give 2-methyl-8,9-dimethoxy~-6~oxo-

6H-benzofuro(3,2-c)benzopyran (42).
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benzopyran (%45) s

4-Hydroxy -6 -methoxycoumarin (43) on oxidative
condensation with catechol in the presénce of potassium
lodate and sodium acetate afforded 2-methoxy-8,9-dihydroxy-
6-oxo-6H-benzofuro(3,2-c)benzopyran (_‘4@):

This 2-methoxy-8,9-dihydroxy-6-oxo-6H-benzofuro
(3,2-c)benzopyran (44 was then methylated with dimethyl
sulphate as usual é.nd‘2,8,9-trimathoxy-é-oxo%ﬁ-benzofuro
(3,2-c)benzopyran (45) was obtained.



C H3O

nthegis of L4-Methyl-3,8,9-trimethox «0X0 ~6H~

benzofuro(3.2-c)benzopyran (438)

When l4-hydroxy«7-methoxy-8-methylcoumarin (46)
was econdensed with catechol in the presence of potaséium
fodate and sodium acetate it afforded 4-methyl-8,9-
d:li.hydroxy_oé{-oxq-éﬂ-benzofuro(3,2-c)ben20pyran (41); It was
then methylateé as usual to lp-metlgil—j,&,9-trimethoxy-6-oxo-
6H-benzofuro(3,2-c)benzopyran (48).

Synth of 1;8,9-Frimethoxy-6-0%o-6H-benzof 22-¢C
benzopyran (54) +
Y-Hydroxy-5-mehhoxycoumarin (43) when cordensed
with catechol as described earlier yielded l-methoxy-8,9-
d ihydroxy -6 -oxo -6 H-benzofuro (3 ;2 -¢c)benzopyran (5,?0);



This 1-methoxy-8,9-&ihydroxy -6-oxo -6H-benzofuro
(3,2-c)benzopyran.(5ID was then methylated as usual to give
: 1 8, 9—trimethoxy-6-oxo-6B-Benznfuro(3 2-¢)benzopyran (51).

OCHq oH

JeeNg:

(49)
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e e ~fetramethoxy-6-0 H-benzofu
£3,2-c)benzopyran (54) 3
When x+--ny¢1rmcy---7,8--.:1nnei:hoxyc«:n.msrfau*in (5) was
condensed with catechol as described earlier 3, h-dimethoxy—
8,9—dihyc}roxy36-oxq—63-benzofuro 3 ,2-c)benzopyran (82) was
ébtained; It was then methylated to give 3,9,8,9—tétran;ethoxy~
6-0x0 -§H-benzo§uro (3,2~¢)benzopyran (54). '

oH
AN OH
+.
cHO Yo! OH
> OCHy, © - 3 OcCH3
o (53)
(52> ’

Ccny)So,
K1QD3




EXPERIMBNTAL

To the solution of 4-hydroxy-6-methylcoumarin
(0.8 g.), catechol (Ouk g.) and sodium acetate (2.0 gs)

in acetone-water (20 ml. j 1:1), a solution of potassium
1odate (0.5 ge) and sodium acetate (1.0 ge) in water(l0 ml.)
was added slowly with constant stiri'ing. After 5 mimtes the
separated product was filtered, washed with water and
erystallised from gcetic aeld, m.p. 33+8°. Yield 0.5 go

Apalysis : Found : ©,68,00 3 Hy3.11 %

C1 6831 005 requires 3 C,68.08 3 H,3.57 %.
2-Methyl-8,9-dimethoxy -6 -oxo -6H-bepgofuro (3,2-¢)
be;gogzrag $

A mixture of ,2-§methy1~8f,9—dihydrqu—6-oxo-6ﬁ—
benzofuro (3,2-c)b§nzopyran 4(0-.’+ ge), dimethyl sulphate
(1 ml,) and anhydrous potassium carbonate (2.0 g.) in dry
écatom‘ (100 ml.) was refluxed on a steam bath for 8 hr.
On evaporation of acetone, the separatéd product was
filtered,washed with dilute sodium hydroxide solution and
erystallised from dil.acetic acid,m.p.210 . Yield 0.3 g.
Amalysis ¢ Fourd t ©,69.31 § H4.56 %
" CygH1,05 requires "t C,69.67 § H,4.55 %.



meiboxycoumarin ¢ 2-Methoxy-8,9-dihydroxy-6-ox

*
engof 3 be H

To the solution of 4-hydroxy-6-methoxycoumarin
(1 g+), catechol (0.5 go) and sodium acetéte_(z,S ge) in
acetone-water (25Aml. $ 1:1), a solgtion.of potassium iodate
(0.6 g+) and sodium acetate (1.2 g.) in water (10 ml.) was
added slowly with constant siirring. The produét which
separated immediately was filtered,washed with water and
dried. As it could not be crystallised from ary common
organic solvents, it was methyiated directly, m.p.above
320", '

2,8,QdTrimethongéuoxo:éH—beggofurq§3,270Zbenzogz;ag :

A mixture of meethoxy;S?9fdihydgoxy-6-oxe-6ﬁ~
benzofuro(3,2-¢)benzopyran (0;4 g.), dimethyl sulphate
(1 ml.) and anhydrous potaséium carbonate (2.0 g.) in dry
acetone (100 ml.) was refluxed on a steam bath for about
10 hr, The reaction mixture was worked up as usuasl and the
product erystalliged from benzene~petroleum ether,m.p.ahoo.
Yield (0.2 gs) )
Amalysls ¢ Found : C,66.24% 3 H,4.29 %.
C,8H;.,0¢ requires c,56.25 3 Hy4a32 %o



at - ecopd at catech ith 4-hydroxy-7=-

methoxy-8-metbylgoumarip : 4-Methyl-8,9-dihydroxy-3-

met X H-benzoef 2=~¢ Jbanzopyr £*§

To thguselutiqn,of Y4 -hydroxy-7-methoxy-8-methyl -
coumarin (0.5 g.),catechol (0.2 g.) ard sodium acetate
(1.2 g.) in water-acetone (10 ml. $ 1:1), a solution of
potassium iodate (0.3 g.) and sodium acetate (0.6 g.) in
water (5 ml.) was added slowly with constant étirring. The
separafed product was filtered,washed:with water and dried.
It could not be erystallised from any solvent and hence it
was mathylateé d;rectly‘ .

Y-Mothyl-3,8,9-trimethoxy -6 -0x0 -6H-benzofuro(3,2-c)
benzopyran ¢ - | ‘

A mixture of 4-methy1-819~digydr9xy—3-methaxy-
6-oxo-6H-benzofuro(3,2~c)benzopyran (0.5 g.),dimethyl
sulphate (1 g.) anﬁ anhydrous potassium earbomate (2 gs)
in dry'acétoqe (150 ml.) was refluxed on a steam bath for
10 hr. The reacfion.mixeure was worked up as usual and the
product crystallised from benzene-petroleum ethef,m.p.238?
Yield 0.3 g. )

Analysis  : Found  + C,66.79 § H,4e68 %e
G4 ol 406 requires s C,67+05 5 H4e75 %o



To the solution of 4-hydroxy-5-methoxycoumarin
(0.6 g+), catechol (0.3 g.) and sodium acetate (1.5 g.) in

acetone-water (10 ml. 3 1:1), a solution of potassium loddte
(0.35 g.) and sod fum acetate (0.75 g.) in water (6 ml.) was
added slowly with constant stirring. After 5 mimtes the
separated product was filtered,washed with water,dried and
methylated directly.m.p.above 3200.

1,8,9-Trimethoxy-6-0xo-6H-benzofure(3,2-c)benzopyran :

A mixture qf 1fmethoxy—§,9-d ihydroxy -6 ~oxo -6H-
benzofuro(3,2-c)benzopyran (O~.3 g.),dimethyl sulphate (1 ml.)
and anhy@feus potassium carbonate (2 g.) in dry acetone -
(100 ml.) was refluxed on a water bath for 6 hr. The reaction
ﬁ:ixture was worked up as usual and the product erystallised
from benzene,m.p.263o. Yield 0.l g.

Apalysis s+ Fourd t C,65.97 § H,+.11 %,
€16H4,06 requires : C,66.25 § H,4.32 %.



gimethoxyeoumarip 3 ~Dimetboxy-0,3-dihyd =
Heb -c ) be 3

» To a solution of h~-hydroxy-7,8-dimethoxycoumarin
(0.8 g+),catechol (0.4 g.) and sodium acetate (2.0 g.)
in acetons-water (20 ml. j 1:1), a solution of'potass;um fodate
(0.5 g+) and sodium acetate (1.0 ge) in water (10 ml.) was
added slowly with constant stirring., After 10 mimutes the
separated product was filtered,washed with water,dried and
methylated directly,m.p. above 320 .

8,.9-Tetramethoxy -6 -0x0 -6H-bepzofuro(3.2-¢)benzopyran s

A mixture of 3,4-dimethoxy-8,9-dihydroxy-6-oxo-
6H~benzofuro(3,2-c)benzopyran (0.5 g.),dimethyl sulphate
(1 ml.) and anhydrous petassium carbomate (2.0 g.) in dry
acetone (100 ml;) was refluxed on a stegm‘ﬁath«ﬁpr 8 hr.
The reaction mixture was worked up as usual and the
product crysfallised from benzene~-petroleum ether, m.p.
204 . Yield 0.3 ge

Analygls s+ Found ¢ C463.93 } H,h;73 %e
01 9H1607 ﬁquires H 0,64001!‘ 3 H,l*ogg %‘



1.
2e
3.
e

5.

6o J

7.
8.
9.

10.

-11.

12,
13.

i63

REFERENCES

CeMentzer, La Theorie Biogenetique et Son.application
au Classement des substances d’origine Vegetale,
Editions du Maseum, Faris, p. 36 (1960).

E.M.Bickoff and coworkers, Science, 126, 969 (1957).
E.M.Bickoff, R.L.Lyman, A.L.Livingston and A.N.Booth
J.Am.Chem.Soc., 80, 3969 (1958); _

DoNasipuri ard G.Fyne, Je.Sci.Ind.Res.(India) 21, 51,
W8 (1962). | |
B.M.Bickoff and coworkers, JoMed. Pharm.Chem., 3, 321
(1962). -

J.D.Biggers, Symposium on Pharmacolagy of Plant
Phenolics, Academic Press, London, p. 69 (1958). |
E.M.Bickoff and coworkers, J.Agr.Food Chem., 6, 536
(1958) . ) | '

E.M,Bickoff and coworkers, Arch.Biochem. Biophys.,
80, 61 (1959). ‘

0.H, Ehnerson and E M.Bickoff, J Am.Chem.soc., 80, 4381
(1958).

C. Deschampo—Vallet and C.Mentzer, Compt.hend.,
251,736 (1960).

J.N.Chatterjea and S.K.Roy, J. Ind.Chem.Soc.,

3, 98 (1957).

L.Jurd, J.0rg.Chem., 23, 3036 (196’4-).
T.R.Govindachari, K.Nagarajan and BeReFai, J.Chem.
Soc., 629 (1956) 3 1ibid, 545 (1957).

N



14,

15.
16.

17.
18.

19;

164

T«R. Govindachari, K.Nagarajan and P,C.Farthasarathy,
JoChem.Soce, M8 (1957).

J.N.Chatterjea gné NePrasad, Chem.Ber., 97, 1252 (196%)s
HeWanzlick, R.Gritzky and H.ﬁéildepreim, Chem.Ber.,

%, 305 (1963). :
A.L.Livingston, E.M.Eiekoff, R.E.Lundin and L.Jurd.,
Tetrahedron., 20, 1963 (1964). -
LoJurd, J.Pharm,Scie, S, 1221 (1965) j Chem.Abst.,

63, 13227 (1965). ]
K.K.Chakravarti, A.K.Bose and S.Siddiqui, J.Sci.Inds

4 Res.,(lndia) Z, 24 (1%8)0

20,

H,N.Khastgir, P.C‘ Dattagapta and P.Sangupta, Tetrahedron,

1y, 275 (1961).

2l.
22,

23,

AAAAA

BE.M Bickoff ard coworkers, &reh.Biochem.Biophys.,
J.N.chatterjea, K.D.Baner;]ee and N.Prasad, Chem.Ber.,

9%, 2358 (1963) § Chem.Abst, 59, 12774 (1963).



