
CHAPTER II

Studies in the Synthesis of Benzofuro 

eoumarins
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THSOR S ! I C A I

The group coumarorocoumarin or eoumarin©- 
benzofuran or benzofuro~a-benzopyrone is represented by 
naturally occurring eouraestrol, wedelolactone,trifoliol, 
medieagol and psoralidin. The berjsofuro(3,2-c)benzopyrans 

are of structural interest in that they are related to the 
coumarinochromans and the 3-aryleoumarins.

The trivial name, coumestan (l),has been proposed 
for the skeletal structure of the heterocyclic four ring 
system having the systematic name, 6-oxo-6H-benzofuro(3,2-e)

i
benzopyran ♦

\0

A discussion of oestrogenic activity in eoumarin 
type compounds may include a brief consideration of the 
closely related lsoflavones, which were the first of the 
plant phenolics to show such activity. The lsoflavones may 
well be the source of eoumarin oestrogens, e.g.coumestrol 
(2), in the plant*
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213
Biekoff and coworkers Isolated couaestrol 

which was 30 tiroes as potent as genlstein* The relationship 
of coumestrol structure to its biological activity has been 

investigated , and a number of correlations of structure 

with activity was observed*
The oestrogenic activity is attributed to its 

stilbene-like structure analogous to that of diethyl- 
stilbestrol (3) and to the natural estradiol (4)*

C3} C-4")



HO

The ether bridge in eoumestrol (2) stabilizes
the double bond in 6a,11a positions to maintain the
atllbene-like structure. When this ring is opened, this
double bond is free to resonate and keto-enol tautomer ism 

6
exists • The a-pyrohe ring structure is Important as the 
fur an structure for maintenance of the oestrogenic activity 
of eoumestrol*

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

Coumestrol or 3,9-d ihydroxy-6-oxo -6H-benzofuro
(3,2-c)benzopyran is an oestrogenic substance found in

21? 8
ladino clover in alfalfa and in other legumes .

9
Eaerson and Biekoff condensed 2,1f-dimethoxy- 

phenylacetonitrile (5) with resorcinol and obtained 
a-C2,^-dimethoxyphenyl)-2,^-dihydroxyacetophenone (6) ,
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which on treatment with methyl chloreformate yielded 
3.(2,4-dimethoxyphenyl)-4,7“dihydr0xyeouinarin (7). It was 

then eyelised by heating with aniline hydrochloride to 
eoumestrol (2).

Coumestan or 6-oxo-6H-ben»ofuro(3,2-c)benzopyran
i o(1) was synthesised by Msntzer et al» phenol on thermal 

condensation with o-methoxyphenylmalonate gave 3-(2-methoxy 

phenyl) -^-hydroxycoumarin (8) which on treatment with 
pyridine hydrochloride produced coumestan (1)*

H^c^ooc
HC

s
H cxOOC

O cw^

csHsN‘ Hc!

O-------



*

Coumestan was also synthesised by Chatterjea and 
Hoy14, They condensed o-methoxyphenylacetonitrlie (9) with 

ethyl-o-methoxybenzoate (10) in the presence of sodium 

ethoxide and obtained an intermediate ketonitrile (11) 

which on treatment with hydro bromic acid gave coumestan.

i 2Jurd synthesised couaestrol and related compounds

by hydrogen peroxide ox Wat ion of appropriately substituted
» » »

2-hydroxy-3-methoxyf la vy Hum salts, 2,*f,7-Trihydroxy-3-

methoxyflavyllum chloride (12) Wien oxidised with hydrogen

peroxide in aqueous methanol gave 3-carbomethoxybenzofuran (13)
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which on ac id it ica t idn >laeto niz e s rapidely to coumestrol*

13
Govicdachari and co^Orkers have isolated 

wedelolac tone (1,8,9-t r ihydroxy-3-methoxy-6-oxo -6H- 

henzofuro(3,2-c)benzopyran) ilk) from the leaves of 

Wedelia calendulacea (compositae).

C14-)



Govindachari et *1. have synthesised tri-o- 
raethylwedelolactone. Asarylaldehyde, obtained in nearly 
quantitative yield from 1,2,4-trimethoxyb®nzene by 
treatment with dimethylformamide was converted into 2,4,5- 
trimethoxybenzy1 cyanide, through 2,4,5-trimethoxyphenyl 
pyruvic acid, The deoxybenzoin (15) obtained by Hoeseh 
reaction of this cyanide with phloroglucinol was converted 
by selective methylation into the dimethyl ether (16) and 
then by ethyl carbonate and sodium into the 4-hydroxy- 
coumarin (1?) which when heated with aniline hydrochloride 
was converted into the benzofurobenzopyran, tri-o-methyl- 
wedelolactone (18),

Chatterjee and Prasad have recently synthesised 
tri-o-methylwedelolactone (18). The keto nitrile (19), 
obtained by the condensation of 2,4,5-trimethoxybenzyl 
cyanide and ethyl 2,4,6-trimethoxybenzoate in the presence 
of sodium hydride, was treated with pyridine hydrochloride 
to yield (20) which was readily methylated to tri-o- 
methylwedelolactone (18 ) •
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‘ i6Wanzlick ard e©workers prepared wedelo lactone 
(14) by dahydrog©native coupling of catechol with 4,5- 
dihydroxy-7-methoxycoumarin (21) and potassium ferrlcyanlde. 
In place of potassium ferrlcyanlde,, potassium lodate is also 
used in the syntheses of benzofurobenzopy rans*
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OH OH

C-U)
X/ OH

C14)

The mechanism given by the authors is as shown
below* Ca+echo

C14)
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Trlfoliol (3»7~<3ihydroxy-9-®*thoxy-6-oxo-6H-

benzofuro(3,2-c)benzopyran ) (26) was isolated from ladlno
17clover by L*Jurd and coworkers . The structure of trlfoliol 

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-be nz oyloxy-7-hydroxy -3 -me t hoxy -
♦ »2,4-dibsnzyloxyflavyHum chloride (22)

ococ&Hs

rcw&s

OCOQhf

MclKy lalt'on

QW



147Peroxide oxidation of the flavyllum salt gave the 
intermediate (23) which was methylated to (2^) and then 
debenzylated to give 7-benzoyloxy-3-hydroxy-9-methoxy- 
coumestan (25)* Alkaline hydrolysis of the latter compound 
furnished 3,7-dihydroxy-9-methoxycoumestan (trifoliol) (26)• 

Medicagol (3 -hyd roxy-8,9-dioxymethylene -6-oxo-6H- 
benzofuro(3,2-c)benzopyran (29) is Isolated as a mixture . 
with plsatin from alfalfa meal. It was synthesised by 
oxidative condensation of 4,7-dihydroxyeoumarin (27) with 
catechol* Ifethyle nation of (28) with me thy lenedl iodide gave 
medicagol (29)*

r^^rOH

C 39)



18L.Jurd has synthesised medicagol recently by
carrying out hydrogen peroxide oxidation of 3-met boxy-6,7-

*, *
methylenedioxy-2,4-dlhydroxyflavy 1 ium chloride*

Psoralidin or 2-isopentenyl-3, ^dlhydroxy-d-oxo- 
bH-ba nzof uro(3,2-c)benzopyran (30) was first isolated from
the pericarp of the seeds of P.Goryllfolla L. by19 ' "
Chakravarti and coworkers •
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20Later Sengupta and coworkers isolated the same 
psoralidin from.the aleoholic extract of the seed kernel 
of Psoralea Coryllfolla Linn and proved that 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)* Ifesipuri and I^ne2* and Bickoff et__al*22 

have treated 2,4-dihydroxy-5-isopentyl-2,4-dimethoxy- 
benzyl ketone (31), which was obtained by Hoesch reaction 
of 2,4-dimethoxybenzyl cyanide and 4-isopentyl resorcinol 
with ethyl chloroformate, followed by treatment with alkali 
and then with acid to give 4,7-dibydroxy-6-isopentyl-3- 
(2J4-dimethoxyphenyl)coumarin (32)* When this coumarin (32)
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150was treated with aniline hydrochloride, it gave 

dihydropsoralidin (33)*

The authors have also synthesised lsopsoralidin 

(37)* Hoesch condensation of 2,4-dimethoxybenzyl cyanide 

with 7-hydroxy-2,2-dimethylehroman (34) furnished 2,4- 

dimethoxybenzyl -7 -hyd roxy-2,2-d imethylchroman-6 -yl keto ne 

(35) which was converted into the 4-hydroxyeoumarin 

derivative (36) by sodium and ethyl carbonate and thence 

into isopsoralidin (37) by heating it with aniline 

hydrochloride•

Similarly they have condensed methyl-2,2-dimethyl- 
7-Biethoxychroraan benzoate with 2,4 imethoxybe nzyl cyanide 

in the preseme of sodium hydride followed by the treatment 
with pyridine hydrochloride to yield isopsoralidin.

23Chatterjea, Baner^ee and Prasad have prepared 

dihydropsoralidin (33) aid isopsoralidin (37) • Jfethyl-2,4- 

d imethoxy -5-isopentenylbenzoate (38) was condensed with 

2,4-dimethoxybenzyl cyanide in the presence of sodium 

hydride to yield a keto nitrile (39) whieh was then 

heated with pyridine hydrochloride to dihydropsoralidin (33)*
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In view of tjie pharmacological activity of 

coumeatrol derivatives, it was throught of interest to 

synthesise different benzofurobenzopyrone derivatives having 

substituents like OH,-CH3, -OCH3 groups in the benzanoid 

parts of the coumestrol molecule#
The following benzofurocoumarins are synthesised 

by the oxidative condensation of catechol with different 
4—hydroxycoumarins*

1. 2-*fethyl-8,9-dimethoxy-6-oxo -6H-benzof uro (3,2 -c ) 

benzopyran*
2. 2,8,9-Trimethoxy-6-oxo-6H-benzofuro(3,2-c) 

benzopyran* '
3. 4—Methyl-3,8,9-trimethoxy-6-oxo-6H-benzofuro 

(3,2-c ) benzopyran.

4 • 1,8,9-Tr imet hoxy -6 -oxo -6H-be nzo f uro (3,2-c)

benzopyran*
5. 3 ?4 ,8,9-Tetrame thoxy -6 -oxo -6H-benzof uro (3,2 -c )

benzopyran*

Synthesis of 2-fttethvl-8,9-dlme thoxv-6-oxo-6H- 
benzofuro(lT2-c) benzopyran (4-2) :

On oxidative condensation of catechol with 
4-hydroxy-6-methylcoumar in (4-0) in the preserve of potassium 

iodate and sodium acetate yielded 2-me thy 1-8,9-dihydroxy-6- 
oxo-6H-benzofuro(3,2-c)benzopyran (4-1) *

The above benzofurocoumarin (4-1) was then 

methylated with dimethyl sulphate and anhydrous potassium 
carbonate in acetone to give 2-methyl-8,9-dimethoxy-6-oxo- 
6H-be nzo furo(3,2 -c) be nzopyran (42 )*



154
o

SgnfcMsla.s£..g..8^,9_rfg.l?aetho3e3L-6-oxo -6H-benzo furo (%2-o)

benzopyran (35) *
/ *

4-ffydroxy-6-mQthoxycouinarin (43) on oxidative 

condensation with catechol in the presence of potassium 

lodate and sodium acetate afforded 2-methoxy-8,9-dihydroxy - 

6-ox© -6H-benzofuro (3,2-c)benzopyran (44) •

Th is 2-methoxy-8,9-dihydroxy-6 -oxo -6H-benzof uro 

(3*2-c)benzopyran (414) was then methylated with dimethyl 

sulphate as usual and 2,8, 9-trimethoxy-6-oxo-6H-benzofuro 

(3,2-c)benzopyran (435) was obtained*
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C435

Synthesis of 44dathyl-lf8T9-trlmethoxy-6-oxo-6H- 
henzofuro(1T2 -c) be nzopyran (48) *

When b~hydroxy-7-methoxy-8-methylcoumarin (46) 

was condensed with catedhol in the presence of potassium 
iodate and sodium acetate it afforded 4-methyl-8,9- 
d ihydroxy -6 -oxo-6H-be nzofuro (3,2 -c ) be nzopyran (47) • It was 

then methylated as usual to 4-methyl-3,8,9-trimethoxy-6-oxo- 
6H-henzofuro(3,2 -c) be nzopy ran (48)*

Synthesis of 1.8.9-Tr lmethox;y-6-oxo-6H-benzofuro(312-c) 
benzonyran (Si) s

4-Hydroxy-5-mehhoxycoumarin (49) when condensed 

with catechol as described earlier yielded l-methoxy-8,9- 
d ihyd roxy-6 -oxo -6H-benzof uro(3,2 -c)benzopyran (5G) .



ch3o'

C4-S)

This 1 -methoxy -8,9-di-hydroxy -6 -oxo -6H-benzof uro 

(3,2-c)benzopyran (SO) was then methylated as usual to give 

1,8,9-trimethoxy-6-oxo -6H-bensofuro (3,2-c)benzopyran (Si).

---------------->
Niao Ac.

O
OH

-C 51)
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il»g,=alMM.Pxran <54) i
Whan ^-hydroxy-7,8 -dimethoxycoumar in (5$) was 

condensed with catechol as described earlier 3,4-diaethoxy-
X'--v

8,9-dIhydroxy-6 -oxo -6H-benzof uro (3,2-c )be nzopyran (S3) was 

obtained* It was then methylated to give 3,4,8,9-tetramethoxy 

6 -oxo -6H-benzo£uro (3,2 -c) benzopyran (54) •

OH

OCH-

C5A>

(5*4-)
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J&MfLto Q9pa9.p5a.kigR..g£.,c.a$g.c,hp.k.yiflLj»r&y.ai!9?yr6r^ 

BaltbslsaiasaglB * 2rM*tturl=8« 

teafflatacai3»fcg3temms&z ♦

To the solution of 4-hydroxy-6-fflethylcoumarin
* *\

(0*8 go), catechol (0*4 g*) and sodium acetate (2,0 g*)

in aeetone-water (20 ml. ; 1:1), a solution of potassium

iodate (0*5 g*) and sodium acetate (1.0 g.) in water(10 ml*)

was added slow!# with constant stirring* After 5 minutes the

separated product was filtered, washed with water and
ocrystallised from acetic acid, m,p. 348 . Yield 0*5 g*

APflj-rate * Found : G,68.CO $ H,3.11 #*

Gi6HiO05 requires : 0,68.08 § H,3.5? %.

2?&$hYl$*2&&em8xy.r6c&&z6$stezmSm9S$+%z&l
benzopyran :

A mixture of 2-methyl-8,9-dihydroxy-6-oxo-6H-

benzofuro(3,2-c)benzopyran (0.4 g*), dimethyl sulphate

(1 ml.) and anhydrous potassium carbonate (2.0 g.) in dry

acetone (100 ml.) was refluxed on a steam bath for 8 hr.

On evaporation of acetone, the separated product was

filtered,washed with dilute sodium hydroxide solution and
ocrystallised from dil.acetic acid,m.p.210 . Yield 0.3 g. 

Analypip : Found i G,69.31 ) H,4.56 %•

Ci8hi*°5 requires 0,69.67 } H,4.55 %.
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j^gjgiSgss&pxsaa *
SiM^M&„9SM9J^3U9.IL9S^S^^X^%bJkdMT^J^^ 

m§8ms&&mmx£u * 2-Methoxy-a, 9.-dlhy&roxy-6,rPSO r6Hr 
.ben2pfurp (;3^rp).bep2gpy,rafl* *

To the solution of 4-hydroxy-6-methoxycouma rin
(1 g.), catechol (0,5 g.) and sodium acetate (2.5 g*) in
acetone-water (25 ml* $ 1*1), a solution of potassium iodate
(0.6 g.) and sodium acetate (1.2 g.) in water (10 ml.) was

added slowly with constant stirring. The produet which
separated immediately was filtered,washed with water and
dried. As it could not be crystallised from any common
organic solvents, it was methylated directly, m.p,above 

o320 .

* *v

2,8f9~Trimethoxy-ft-oxo-6H-benzofuro (%2-c)benzopyyap :

A mixture of 2-methoxy-8* 9-dihydroxy-6-oxo-6H-
benzofuro(3,2-c)benzopyran (0.4-g.), dimethyl sulphate
(1 ml.) and anhydrous potassium 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 usual and the
, oproduct crystallised from benzene-petroleum ether,m.p.240 • 

Yield (0.2 g.)

Analysis * Pound s 0,66.2% $ H,%.29 %• 
ci8Hi4°6 requires * C,66.25 $ H,4-.32 %•
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S^a^g^gj^j>]^atisix,sX.jatgc|^Xy^h.itrWrg?gr?r

je^.terf.rffietlgj.gouaajrj^ : kzMMl^2^M^£9ZZ^Z
mMQJZr6z9$9jMzteEzo?ur9.(3+.2."?) Pgpgppy rap*1

To the solution of 4-hydroxy-7-methoxy-8-methyl- 

coumarin (0.5 g*),catechol (0.2 g.) and 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 stirring. The 

separated product was filtered,washed with water and dried. 

It could not be crystallised from any solvent and hence it 

was methylated directly* ,

4-3fe thyl -3 T 819-t r ime thoxy -ft -oxo -6H-be nzofuro (3 r 2 -c)

fegJBiMas *

A mixture of 4-methy 1-8,9-dihydroxy-3-methoxy-

6-oxo-6H-benzofuro(3,2~c)benzopyran (0.5 g.),dimethyl

sulphate (1 g.) and anhydrous potassium carbonate (2 g.)

in dry acetone (150 ml.) was refluxed on a steam bath for

10 hr. The reaction mixture was worked up as usual and the
oproduct crystallised from benzene-petroleum ether,m.p.238. 

Yield 0.3 g.

Analysis t Found * 0,66*79 $ H,4.68 %*

requires s 0,67.05 $ H,**.75 %*
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iX^^aatmisu *

*$?P?$$9f$S9<-l>2s$)]2§M9M£d>B *

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. ; 1:1), a solution of potassium iodate
(0*35 g*) and sodium acetate (0.75 g*) in water (6 Ml.) was
added slowly with constant stirring. After 5 minutes the
separated product was filtered,washed with water,drled and

0
methylated directly.m.p.above 320 •

118 T 9-Tr imethoxy-^ -oxo -frH-benzofuro (312_-c)benzopy rg.p :

A mixture of 1-me thoxy-8,9-d thy droxy-6-oxo-6H-
benzofuro(3,2-e)benzopyran (0.3 g.),dimethyl sulphate (1 ml.)
and anhydrous potassium carbonate (2 g.) in dry acetone
(100 ml.) was refluxed on a water bath for 6 hr. The reaction
mixture was worked up as usual and the product crystallised

ofrom be nzene,m.p.263 • field 0.1 g.

ApgtjLyplg : Pound : G,65*97 I H,4.11 %.
G1gHllf06 requires : C,66.25 | H,4.32 %•



fiy.aifrf gig, gf. 2?7§Pr^$to9m.rf?9X9^fc&miQ.£MSL
(3+2:fr}l?ggggpmP :

2sl£a$.iyg. ggpflgnsa34gn.of. aatggfagL yi£h.i*rfry£regyAlb 

U&§&QXSS£$&3£Sm * 3»^rPj.lg£feg?x:.rg.<S.^tetogX=6rgggj: 
6Prbggga&rel3«2^teps.gBygaB »

To a solution of 4--bydroxy-7,8-dimethoxycoumarin
(0*8 g.),catechol (0*4- g.) and sodium acetate (2.0 g*)

in acetone-water (20 ml* ; Isl), a solution of potassium lodate

(0.5 g*) and sodium acetate (1.0 g.) in water (10 ml.) was

added slowly with constant stirring. After 10 minutes the

separated product was filtered,washed with water,dried and
omethylated directly,m*p* above 320 •

3.4-,819-Tetramethoxy-6-oxo -6H-benzof uro (3,2-c)benzopyran :

A mixture of 3,4-dimethoxy-8,9-dlhydroxy-6-oxo- 
6H-benzofuro(3,2-c)benzopyran (0*5 g*),dimethyl sulphate 
(1 ml.) and anhydrous potassium carbonate (2.0 g.) in dry 

acetone (100 ml.) was refluxed on A steam bath for 8 hr.

The reaction mixture was worked up as usual and the 
product crystallised from benzene-petroleum ether, m.p.
204°. Yield 0.3 g.

Analysis * Found : 0,63.93 i H,if.73
requires * C,64-.04- | %*



1. C.Mentzer, La Theorie Biogenetique et Son.appllcation 
au Classement des substances d origin® Vegetal®, 
Editions du Miseum, Baris, p* 36 (I960)*

2. B.M.Bickoff and coworkers, Science, 969 (1957)* 

3* E.M.Biekoff, R*L.Lyman, A.L.Livingston and A.N.Booth
J.Am.Chein.Soc*, go, 3969 (1958)*

4. P.Nasipuri aid G.iyne, J.Sci.Ind.Res*(India) 21, 51, 

148 (1962).
5. B.M.Biekoff and coworkers, J.*fed.Riarm.C3iem., % 321 

(1962).
6. J.B.Biggers, Symposium on Pharmacology of Plant 

Phenolics, Academic Press, London, p. 69 (1958).

7* E.M.Biekoff and eoworkers, J.Agr.Food Chem., 536 

(1958).
8. B.M.Biekoff and coworkers, Arch.Biochem. Blophys.,

go, 61 (1959).
9. O.H.Emerson and B.M.Biekoff, J".Am«Chem«soc., gp, 4381 

(1958).
10. CE.Desehampo-Vallet and C.lfentzer, Compt.9tend.,

251,736 (I960).
11. J.N.Chatterjea and S.K.Roy, J.Ind.Chem.soc.,

&, 98 (1957).
12. L.Jurd, J.Org.Chem., £2, 3036 (1964).

13. T.R.Qovindachari, K.Kigarajan and B.R.Rai, J.Chem. 
Soc., 629 (1956) \ ibid, 545 (1957).



164
14* T ,R.Govindachari, K.l&garajan and P.C • Rarthasarathy, 

J.Chem.Soc., 5**8 (1957)*

15* J.N.Ghatterjea and N.Frasad, Chem.Ber., 2Z* 1252 (1961!-).

16* H.Wanasllek, R.Gritzky and R.Heildepreim, Chem.Ber.,

305 (1963).

1?. A. L. Livingston, S.K.Bickoff, R.E.Lundin and L.Jurd., 

Tetrahedron., ££>, 1963 (1961*)*

18. L.Jnrd, J.fharnuSci., ££, 1221 (1965) 5 Chem.Abst.,

6i, 13227 (1965).

19. K.K.Chakravarti, A.K.Bose and S.Siddiqui, J.Sel.Ind,

Res.,(India) Z, 2k (19^8). ,

20. H.N.Khastgir, P.G.Dattagupta and P.Sengupta, Tetrahedron, 

lit, 275 (1961).

21. B.Nasipurl and G.^rne, J.Chem.Soe., 3105 (1962).

22. B.M.Bickoff and coiiiorkers, Areh.Biochem.Biophys.,

§£,262(1960),

23. J.N.Chatterjea, K.D.Banerjee and N.ffrasad, Chem.Ber.,

2358 (1963) § Chem.Abst, £2, 1277k (1963).


