CHAPTER IV

REACTIONS ON Y-HYDROXY-5,6-BENZOCOUMARIN
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Reactions on hg&ydroxy-5,6—bengpcoumartn

Cattle, feeding on spoiled sweet clover hay,
suffer from a condition characterised by a sharp increase
~ of the blood clotting time. The pathogenic hemorrhagic
ﬁrinciple of sweet clover hay was found to be 3,3’—methy1ene‘
big-{-hydroxycoumarin ) (1), popularly called 'Dicoumarol".
Dicoumarol is synthesised by reacting formaldehyde with
k.hydroxycoumarin znd it is a good anticoagulant of blood,

Since this discovery the chemistry of W-hydroxy-

coumarins has assumed importance. Tromexan (2a) the
analogous compound with a -CO0C2Hs group in methéne carbon
bridge, has been developed to give more rapid onset of the

2
recovery from anticoagulant symptoms ,

(a) R = -CO0C2Hg (b) R = -CHa0CH,y (c¢) R = CHy
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Many attempts to vary the strueture of dicoumarol
and thereby prepare more active anticoagulant drugs have
been made. (2b) obtained by reacting t-hydroxycoumarin with
8~-methoxy propionalfiehyde3 is another such compound with
anticoagulant properties gimilar to that of dicoumsrol.

Mentzer, Meunier, Buu-flol and Cagniantu tested
the compounds in which hetero oxygens of dicoumarol were
replaced either by sulphur or nitrogen and found them to
be feebly active compounds. The former had one-tenth and

the latter had one-fiftieth activity of dicoumarol.

| Lehmanns showed that the replacement of bridge
~-CHa- by ethylidene bridge -CH-CH3- gave compound (2¢) (i, Mo
which possessed higher anticoagulant properties than UV &Ll
dlcoumarol, »

Meunier et al.‘.r6 observed that 3-methyl-hydroxy-
coumarin (3a) possesses coagulant properties like Vitamin '
K while the corresponding 3-bromo (3b) and 3-chloro-l-
hydroxycoumarins (3c¢) have slight anticoagulant properties.

OH
N
Sl
. o
()

(3)
(a) R=CH; (Db) R=Br (2) R=-CH,COCH,
(e) R=C1 (4d) R=naphthyl (b) R=CpHs

(e) R=-CHp-C ¢Hsy
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Moraux et al. have prepared 3-naphthyl-l-hydroxy-
coumarin (3d) which is equal to dicoumarcl in activity
and is 1gss toxie, .

3-Benzyl-b-hydroxycoumarin (3e) has slight
activity, but the acetonyl derivative, Warfarin (4a) is a
powerful anticoagulant énd rodenticide and shows a
remarkable specificity for rats in which the action of
minute doses has fatal yesultssi

Link ggwgggg prepared cyelocoumarol or
3,h—(2'~methy1—2'ﬂmethoxybH'éphenyl)dihydro-pyranocoumarin
(5) by treéting Warfarin with 4 4 hydrogen chloride in
methanol and found that it possessed greater activity than

dicoumarol.

(a) R=Cl § Ry=-CHp~CO-CHy
(b) R=NO» 3 R'?-'—CHQ—CO—CHa

Other compounds which are related to Warfarin
and possess anticoagulant property are coumagchlor (6a),
sintron (6b) and marcoumar (4b),

Link g;wg;.'e prepared different esters of
dicoumarol and found that the activity of these compounds

is less than that of dicoumarol,
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Arora and Mathur" reﬁorted that coumarino
(3',”'s5a6)-“-met¥y1-3-pheny1—a—pyrone‘possesses anti-
coagulant activity éomparable to that of dicoumarol.

Recently K.S.R.Krishna Mohan Rao and N,V. ST
Subbé%%oizlsynthesised different 3-aminesl-hydroxycoumarins
and coumarino (3,4)oxazoles and found that they are.
bacteriostatic and fungistatic active.

From their studies of various Y4-hydroxycoumarin
derivatives, Link and coworker58 put forward the minimum
structural requirements for a substance to possess anti-
coagulant prbperties. The first essential condition is that
there should be .an intact hydroxycoumarin residue and that
the 3-position must be substituteé by a C residue. Every
compound fulfiling this requiremgnt is active., For high
activity a bis—%»hydroxycoumariﬁystructure is specially
required, An alteration in\this structure results in
decrease of activity. Compounds containing one Whydroxy-
coumarin residue with an alkyl or aryl group in 3-position
show diminished activity.

A number of methods are available for the

synthesis of Mhydroxycoumarin derivative.

Methods for the synthesis of -hydroxycoumarin

'
Anschutz 3 condensed sodium salt of malonic ester
with O-acetoxy Eenzoy%chloride and obtained 3-carboethoxy-l-
hydroxycoumarin (7). The ester thus obtained on hydrolysis
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and decarboxylation gave 4-hydroxycoumarin (8) )

(8)

A similar condensation of the sodium galt of
acetoacetic ester with g-acetoxy benzoyﬁghloride in
ethe¢21 solution gave 3-acetyl-t-hydroxycoumarin (9) I

OH

coct " C__\‘/ c cochy
+ [ iy =CH- COCLHS —-—.—)

(9)

Hellbron and Hi1l'® extended this method and
condensed the sodium galt of o-substituted acetoacetie
ester and obtained 3-methyl-,3-benzoyl-, and 3-benzyl-li-
hydroxycoumarin derivatives (10). The acetyl group was
elimingted during the condensation?

R=,CH3 N coc 51-15,-0}12-(3 6H5



144

16 - - —
Ghosh  condensed g-acetoxy;penzoy%%hloride
with the sodium salt of ethoxizhalonic ester in dry
benzene, The condensation product thus obtained gave on

heating with sulphurie acid,3-ethoxy-l-hydroxyecoumarin(il) .

OCZ.HS'

[ _cooc,H,
- 0-Cg 3
cod _CooC,H CO-ClcooéH
* NS Ncoogue "
OCOCI‘% ‘ OCZH-" oCOo '3
{:’W i ' Tazt
AY Hz‘SQ*

(11)
16
The same author condensed aé}oxj:acety#cbloride

with ethyl salieylate in the presence of pyridine./The
product obtained, on refluxing with sodium in dry benzene,
gave 3,4-dihydroxycoumarin (12) after acidification with
sulphuric acid,

H;0.¢O. cHycocl COOC,,,Hs- COOGHs
ococt42_ococH3

(12)

19 18
Sorn  and Bauer and Schoder applied the Hoesch
1
synthesis ? to the preparation of &»hydrcxycoumarin

derivatives. By condensing cyano-acetic ester with



resorcinol and phloroglucinol in the presence of
hydrochloric aeclid and zine echloride followed by the
hydrolysis of the intermedigte ketimine (13) 4, 7-dihydroxy-

o fin wi‘?«.w

i«
(14a) and 4,5,7strihydroxyccumarin (lhblivere ébrmed

i Zncis g
-4 H;_CGG %.H s -—.}'.‘_cr_.__)
Ho

This method is applicable mainly to m-dihydric
phenols and their derivatives.

Pauly and Lockemann20 synthesised W-hydroxy-
coumarin derivatives (3) from methyl acetinEalicylate by
adding metallic sodium to the molten ester.

COOCHS
N&
O COCHQ_R

Y
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This method involves condensation with sodium
at high temperatures, This procedure was re-investigated
by Jensen and Jensenat and they did not obtain the yields
given by Pauly and Lockgmannao. Stahmann, Wolff and Link22
reported that the optimum temperature for the condensation
is 2%0-500.

Anand and Ven‘kataraman23 synthesised hydroxy-
7,8-benzocoumarin (15) by the internal condensation of 49é£?mf
Ot k(- e apillnCre, - colata
o-carboethoxy-2-ac ty%il-naphthol (16),in the presence of

sodamide, anhydrous potassium carbonate, metallic sodium or

sodium ethoxide in appropriate solvents,

COCH
ST3 _Racoz
= OCoOCH I'h "Oluene
.’3§ o
[‘ et

(16) : : (15)

' 24
Boyd and Robertson found that o-hydroxy
acetophenones and its w-substituted derivatives readily
condensed with ethyl earbonate in the presence of sodium

to give Y4-hydroxycoumarin derivatives in good yields.

COCH,R 8{671 c«rbona"’c\
and Sodium

OH
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This is a very convenient method for the
synthesis of lhydroxycoumarins and its scope has been
demonstrated by its application to a variety of o-hydroxy
ac etopiienones .

Ziegler and J‘unekzg obtained 4-hydroxycoumarin
derivatives by the cyelisation of diaryl malonates in the

0
pPresence of anhydrous aluminium chloride at 180 .,

oH
/ COOCgHg
CH, aicly, N N
\ 180° i
COOCSH_S'

(8)

Shah, Bose and Shah26 have prepared l-hydroxy-
coumarin derivatives in good yields by the condensation
of phenols with malonic acid in the presence of freshly )
fused zinc chloride and phosphorus oxyehloride,

OH

‘ .
LJ
o /

(8)

COOH
/

+ CH,y Zn €lg.
o Ncoon Focls

3-Alkyl-U-hydroxycoumarins have been prepared by

o
heating phenol with ethyl monoalkyl malonates at 200-40

26
for 48 hours .

&

H

+ R~CH

OH COOC, Hy

b 4
é .

R=CHj,C ¢H5 y#CH2C ¢Hs



) Tfivediz7 prepared 3-methy1~F17) and 3-benzyl-l
hydroxycoumarin (18) derivatives by the condensation of
different phenols with ethyl methyi:malonéte or ethyl
benzyi:halonaté-in refluxing diphen&l ether., He observed
that in the case of reactive phenols such as resorcinol,
phloroglucinol and g-naphthol thfa yields are over. 60 %y
but they are poor in the case of less resctive phenols

such as phenol and g-naphthol,

COOCHs V!
+ %f‘{” ha.0
H H \cooqgg-
C0 O G Hy;-
+ HC—Hodn —Fhuo o
56 2 \
HO oH COO0CHg

(18)

Ais the present work deals with the reactions

on Y4-hydroxy-5,6-benzocoumarin, it will be of interest
to review a few known reactions on W-hydroxycoumarin
derivatives,

Fries migratiogmand Friedel Crafts reaction

Klosa28 studied the Fries migration of
h-acyloxycoumarins (19) in the presence of several metal
halides and obtained the corresponding 3-acyl derivatives
(20), These were also obtained by condensing
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Yhydroxycoumarin with various organic acids in the

presence of phosphoryl chloride,

Ocog

Fries migvation

S

Claisen condensation

Mastafa g}bgl;zg prepared 8-dicarbonyl compounds
(22,b-¢) obtained by the Claisen condensation of Y-hydroxy-
3-acetyleoumarin (22a) and cyclised them to the
corresponding substituted benzopyranyl (3,2-¢)pyran-2,10-

diones (23 a-b) in the presence of sulphuric acid’

() R=H ' (a) R=CHy 3 R'" = H
(b) R = COCH, (b) R = CgHg § R* = H
(¢) R = COCgHs

149
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Kogtanecki-Robinson acylation

| The Kostanecki-Robinson acylation of 3-acyl-ln-

hydroxycoumarins using the acid anhydride and salts of
the corresponding aci@s, has been studied by Cook and
MCIntyre3o. They showed that if the acyl side chain has
an a~CHz group or not, 2H,5H-pyrano(l,3-b) pyran-2,5-
diones (24) or MH,SH;pyrano(k,3-b)pyran—h,5—dioﬁes (25)
were isolafed‘from the reaction mixture. The.latter
derivatives were prepared by other methods and the

struetures were confirméd by i.r.spectra. ’

OH

oR
K.R.-acylabion
T
o

(2k4)

Chalkone synthesls
.2
Mustafa et all ? prepared chalkones by the

condensation of 3-acetyl—huﬁy@roxycoumarin and substlituted
aldehydes, Attompts to synthesise flavones from these
chalkones by selenium dloxide oxidation in dry alecohol or
by dehydrobromination of thelr dibromides with selenium

dioxide in amyl alcohol were unsuccessful,



Bicoumariny1§

31
Huebner and Link

bicoumarinyl derivatives from 3-bromo-lt-methoxycoumarin
when subjected to Ullmann reaction, They reported that the.
substance responsible for produeing hemorrhage in cattle
feedlng on spoiled sweet clover hay is 3,3'-methylene-
bis(i-hydroxycoumarin) and ecan be synthesised by reacting
formaldehyde with -hydroxycoumarin,

Several other aldehydes have been used in place
of formaldehyde32 and also substituted U-hydroxycoumarin:
derivatives have been used instead of simple hydroxy-
coumar1n33 but these changes have not led to a better
coagulant,

Coumaronogcoumaring

Coumestrol, wedelolactone, trifoliol,medicagol
and psoralidin are the naturelly occgigng compounds, These
coumaronocoumaring are of structural interest in that _
they are related to the coumgranochromans and the 3-aryl-
coumaring, Wanzlick et al.su prepared wedelolactone (26)
by dehydrogenative coupling of catechol with h,5;dihydroxy-
7-methoxycoumarin and potassium ferricyanide, Similarly the
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angular coumaronocoumarin (27) was obtained by
dehydrogenative coupling of catechol with W-hydroxy-

3%
coumgrin in the presence of potassium iodate .,
Nitration .

The nitration of -hydroxycoumarin gave the
3-nitro and 3,6—d;nitro derivativesB‘. Subbékao g§“§;.35
synthesised some 3-amino-l=hydroxycoumarins Lnd
coumarino(3:4)oxazoles. 3-Amino-lt-hydroxycoumarins (28)
were prepared by first subjecting l-hydroxycoumarin (29)
to nitrationwfollowed>by reduction with hydrogen in the
presence of palladised charcoal, The amino hydroxycoumarins
(28) were converted into the corresponding (3:4)oxazoles(30)
by condensation with aromatic aldehydes, The muthors also
studied the bacteriostatic and fungistatic properties of

these compounds,

R
HNG3 S
HoAT
O~ O

\ 2




The present work desls with the study of some’
reactions on t-hydroxy-5,6-benzocoumarin and its pattern
of substitution towards different reagents.’

L Hydroxy-5,6~benzocoumarin was prepared
according to Shah et 31.36 by heating S-naphthol, malonic
acid,&hosphorus oxychloride and anhydrous zinc chloride
at 70-75 for 9 hours’

Pechmann condensation of W-hydroxycoumarin and

thvdrogy—s.6—beg§occumér;n with ethyl acetoacetate :
4 Me thyl-2, 5-dioxo-2H, SH-pyrano(3,2-c)benzopyran(3ib)
and 4-methyl-2, 5-dioxo-2H, 58-pyrano(3,2-¢)benzo(f)

benzopyran (34)

11
Arora and Mathur reported that a methyl-

dioxophenylpyranobenzopyran (3la) possesses anticoagulant

activity comparable to that of dicoumarol. It was thought |

of interest to prepare a-and Y-pyrones having fliged: Yénzene
gTing in the benzenoid part of the coumarin ring system

and to study their anticoagulant activity.

(a) RY=H 3 R%2 =H § R3 = Ph \
(p) R! = 3 R? = =H

H ;3 B3
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Woods  eondensed Yohydroxycoumarin with ethyl
acetoacetate in the presence of trifluorcacetic acid and
‘claime& to have obtained 2-methyl-Y,5-dioxo~4H,5H-pyrano
(342~¢)bengopyran (32), m.p. 2520, principal absorption
bands in the 1i.r.region, 33&&,@727%163141613 on
Mustafa §§M§}:38 synthesised (32), yellow crystals,%.pl
2%60, carbonyl stretching frequencies, 1754 cﬁ-‘ and
1667 cmf', by different routes and claimed that it was
identical in all respects with the compound prepared
according to Wbodsa7;‘0n repeating Woods'!s work, it was
found that -methyl-2,5-dioxo-2H,5H-pyrano(3,2-c)benzo-
pyran (31b), colourless crystals,m.p.'2430,'carbopyl
stretching frequency in the i.er.region, 1740 cmf', was
the only isolable product when the condensation was

carried out in the presence of trifluorcacetic acid, The

mixed m,p. with an authentic sample of (31b) prepared by

38939
using either concentrated sulphuric acid or anhydrous

aluminium chloride39 was not depressed’ ; but the mixed
m,p. with an authentic sample of (32), yellow crystals,
m,p. 2%60, carbonyl stretching frequencies in the i.2,
region, 1760 cﬁn’ and 1670 cmf‘, preﬁared according to
Mustafa &%'38 was depressed by 200.
Desai,|Trivedi and Sethna  condensed different

phenols with 8-ketonic esters in the presence of
refluxing diphenyl ether and obtalned benzo-Y~pyrones.

When YW-hydroxycoumarin was condensed with ethyl

acetoacetate in the presence of refluxing diphenyl ether,

only h»methy1-2,5;dioxp~2ﬁ,5H;pyranog§;%;%)benzopyran(31b)
v ‘ — ’

Vv Y P
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was obtained and not the expected 2-methyl-Y4,5-dioxo- -
4H, 5H-pyrano(3,2-c)benzopyran (32). This was also confirmed
by mixgd m,p. and i.r%%pectrf‘yhich showed carbonyl
stretching frequency 1740 em .

This observation was further supported when
Y hydroxy-5,6-benzocoumarin (33) was condensed with ethyl
acetoacetate in the presence of trifluorcacetic acid : it

gave the same known compound (34) which was obtained by

O . H
1. ethyl aceloaceixte +
1% Fluoxo ecelic Acid
2. oF aicly
OO 301 diphenyt cther

(33) (3

using anhydrous aluminium chloride as condensing agent.

The structure was further confirmed by taking its iir.
spectra which showed the carbonyl streteching frequency

1735 cmfi. 4-Methyl-2,5-dioxo-2H, SH-pyrano(3,2-c)benzo(f)
benzopyran (34) differed considerably from the corresponding

(37) in the i,r.spectra and melting point (page no,1€0)

The Friedel-Crafts acetylation of Y-hydroxy-5,6-benzo-

coumarin : 3-kcetyl-Mhydroxy-5,6-benzocoumarin ( 35)

Y Hydroxy-5,6-benzocoumarin on condensation
with glacial acetic acid in the presence oﬁ»phcsphorué )
oxychloride afforded 3-acetyl-l-hydroxy-5,6-benzocoumarin(35).
The structure wag confirmed by the analytieal data and the
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characteristic aleoholie ferrie ehloride colouration of
the hydroxy ketone. As there was a strong chelation

between hydroxy group with the neighbouring acetyl group,

the compound was found to be insoluble in alkali’,

EH3COOH + PQci3

Y

.G alsen. condensation of 3—acet21~h-hydroxyﬁ5,

ggzocoumarin with ethxﬁgcetate + 3-Acetoacetyl-d-hydrox Xy-
Zs6-benzocoumarin (36) ‘

3-Acetyl-b-hydroxy-5,6-benzocoumarin on
condensation with ethylgbetate and sodium gave the product
to which 3—acetoacety1~L~hydroxy—5,6-benzocoumarin (36)

structure was assigned,
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Cyelisation of 3-acetoacetyl-l-hydroxy-5,6-bengo~

coumarin to 2~methy1~h,5-diox6-hH15H;pyrano(392-03bengo(f)
benzopyran (37)

3-Acetoacetyl-k-hydroxy-5,6-benzocoumarin on
cyelisation with 25 4 sulphuric acid gave the product to
wiich the strueture 2-methyl-l,5-dioxo-U4H,5H-pyrano(3,2-¢)
benzé(f)benzopyran (37) has been assigned, The carbonyl

stretching frequencies in the i;r{region are 1760 and
-1
1670 em .

(37)

Claisen condensation of 3-acetyl-4~hydroxy-5,6é-

benzocoumarin with ethyl oxalate : 3-Aceto-oxalyl-l.

h&drqu—516—bgggocoumarin(38)

3-Lcetyl-l—hydroxy-9, 6-benzccoumarin when
condensed with ethyl oxalate in the presence of sodium
gave the product to which 3-aceto-oxalyl-W-hydroxy-5,6-

benzocoumarin structure (38) was assigned,

OCH3 0 CH fOCOOQ_HS

—

Cthyl exalate, |
+ sodium

160
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Cyclisation of the above 8-dicarbonyl compound to

2-carboxy-Y4, 5-dioxo-ltH, SH-pyrano(3,2-c)benzo(f)
benzopyran (39)

3-Aceto~oxalyl-lt-hydroxy-5,6-benzocounarin on
cyclisation with 50 4 sulphuric acid gave the product
which was assigned the structure, 2-carboxy-'t,5-dioxo-
4H, 5B~pyrano(3,2-¢)benzo( £)benzopyran (39)

Attempted decarboxylation of 2-carboxy-l,5~dioxo-
4H, 5H-pyrano(3,2-c)benzo(f)benzopyran to Y, 5-dioxo-WH, 5H~

pyrano(3,2-¢)benzo(f)benzopyran (40)

The above acid on refluxing with copper and
quinoline or heating above its melting point gave an

unworkable product,

COCH>COCO0CHS
H2S04




163

Attempted Claisen condensation of 3-acetyl-l-hydroxy-
5y6-benzocoumarin with ethyl benzoate

3-kecetyl-b-hydroxy-5,6-benzocoumarin on
condensation with ethyl benzoate in the presence of sodium
at high temperature or heating for longer period gave the

original product back,

Kostanecki-Robinson acetylation of 3-acetyl-l-hydroxy-

5,6-benzocounarin : 4-Methyl-2,5-dioxo~2H, 5H-pyrano(3,2-c)
benzo(f)benzopyran (34)

3-Acetyl-l-hydroxy-5,6-bengocounarin on Kostanecki-
Robinson acetylation with acetic anhydride and sodium
acetate gave the product which did not develop any
colouration with alecoholic ferrie c¢hloride solution and to
which M-methyl-2,5-dioxo-2H, 5H-pyrano(3,2-c)benzo(f)
benzopyran (34%) structure was assigned. The mixed m,p, with
an authentic sample prepared by the Pechmann condensation
of Yhydroxy-5,6-benzocoumarin with ethyl acetoacetate as

described earlier was not depressed.
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Friedel-Crafts propionylation of W-hydroxy-9,6-

benzocoumarin : 3-Propionyl-'-hydroxy-9,6-benzo=

coumarin (41)

4 Hydroxy-5,6-benzocoumarin when condensed with
propionic acid and phosphorué oxychloride afforded the
product which gave red colouration with alecoholie ferrie
ehloride solution, On the basié of "this property and
analytical data it was assigned 3-propionyl-lhydroxy-

5;6-benzocoumarin structure (41),

‘CH3CHaCo0H |

POcla

: (%1)

Attempted Pechmann condensation of Y-hydroxy-5,5-

benzocoumarin with ethyl benzoylacetate to !s-phenyl-
2,3-d10x0-21, FH-pyrano(3,2=¢) benzo(f) benzopyran (42}

4. Hydroxy-5,6-benzocoumarin when condensed with
ethyl benzoylacetate in the presence of concentrated |
sulphuric acid or anhydrous aluminium chloride did not
give the expected o-pyrone (42). Only the original product
was obtained. The reaction also failed when the mixture

was refluxed for long time in diphenyl ether,
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Fries migration of 4-benzoyloxy-5,6-benzocoumarin (43):
3~Benzoyl-l=hydroxy-5,6-benzocoumarin (4k)

Y Hydroxy-5,6-benzocoumarin when mixed with
benzoyl chloride in presence of pyridine and plperidine
gave the alkali insoluble product which was assigned the
structure 4-benzoyloxy-5,6-benzocoumarin (43). This on
heating with anhydrous aluminium chloride afforded the




alkali soluble product which gave the characteristic red
colouration with aleoholic ferrie chloride solution, On

the basis of these properties and analytical data it was

166

assigned 3-benzoy1-k—hy§roxy—5,G-benzocoumarin structure(ly) ,

Kostanecki-Robinson gcetylation of 3—benggyi—¥~

hzdroxyg5,6~beﬁzocoumarig + 4-Phenyl-2, 5~dioxo-2H, 5H.

pyrano(3,2-¢)benzo(f) benzopyran (45)

‘ 3~ Benzoyl--hydroxy-5,6-benzocoumarin on
Kostanecki~Robinson acetylation with acetie anhydride
and sodium acetate gave an alkali insoluble product which
dild not develop any colouration with alecholic ferric
chloride solution, On the basis of these properties and
i.r.spectra which showed carbonyl absorption 1730 cm-
(iactonyl >C0=0 group) it was assigned -phenyl-2,5-

dioxn-ZH,SH-pyrano(3,2;c)benzo(f)benzopyran structure(45) .

Synthesis of 2-methyl-l-oxo-H-furo(3,2-c)benzo(f)

benzopyran_(48)

@»Hydroxy-5,6—benzocoumarin on allylation with
allyl broﬁide in the presence of anhydrous potassium
carbonite in acetone gave the alkali insouple product

L4-allyloxy-5, 6~-benzocoumarin (46), which on Claisen
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rearrangement by heating at 20000 afforded 2-methyl-2,3-
dihydro--oxo-4H-furo(3,2-c)benzo(f)benzopyran (4¥7) and
not 3—a11y1-h-hydroxy—5,6-benzoéoumarin. (47) on
dehydrogenation by refluxing it with diphenyl ether in the
presence of palladised charcoal yielded 2-methyl-l~oxo- |
YH-furo(3,2-¢)benzo(f)benzopyran (48), |

allyl byormide !, -
Kxcos and acefone”

. Pd /c
b di{’henw/f ether

Chalkone synthesis : Condensation of 3zacetyl-'-
hydroxy-5,6-bengocoumarin with benzaldehyde : 3-Cinnamoyl-
hydroxy-5,6-henzocoumarin _(%+9)

3-Acetyl-t-hydroxy-5,6-benzocoumarin when
condensed with benzaldehyde in the presence of ethanolie

potassium hydroxide solution gave the product which was

167
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assigned 3-cinnamoyl--hydroxy-5,6-benzocoumarin structure
(+9).

(50)

Attempted cyeclisation of the chalkone to the

corresponding flavone (50)

The above chalkone when refluxed with selenium
dioxide in amyl alcohol gave only the original product,
The reaction did not proceed even on heating for a longer

period.

Condensation of W-hydroxy-5,6-benzocoumarin with

Salicylaldehyde ,
Arora et all?’studied the structure and anti-

coagulant activity of bridge-substituted dicoumarols. They

synthesised various 3,3'-benzylidene bis-lU-hydroxycoumarins



by condensing huhydfoxycoumarin witﬁ substituted
benzaldehyde.

k. Hydroxy-5,6-benzocoumarin on similar
condensation with salicylaldehyde gave the product which

waa assigned the structure (51),

Condensation of Y-hydroxy-5,6-benzocoumarin with

catechol

4.Hydroxy-5,6-benzocoumarin was condensed with
catechol in the presence of sodium acetate and potassium
iodate, The dihydroxy product (52) gave characteristic
green colouration with ferrie chloride solution, Because
of its insolubility in common organic solvents it was
therefore methylated with dimethyl¥sulphate in the
presence of potassium carbonate in scetone whereby it
afforded the alkali insocluble compound to which the

structure (53) has been assigned.
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catechol §
KIO; and
O Na-acelate

Attempted condensation of 3-acetyl-U-hydroxy-5,6-

\
benzocoumarin with eghyﬂbromoacetate

MAn attempt to condense 3~acetyl-hydroxy-5,6~
benzocoumarin with ethyﬂbromoaeetate to build up the
furan ring in the 3-4% position of g-pyrone was met with

failure. The reaction did not take place even on boiling

the mixture for 70 hours., Only the original compound was
obtained back,., This may be because of the strong chelation
of the hydroxy group with the neighbouring acetyl group in
the ortho position,
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Nitration of 4-hydroxy-5,6~benzocoumarin : 3-Nitro-
Y-hydroxy-5,6-bengocoumarin (54)

4.Hydroxy-5,6-benzocoumarin was nitrated with
concentrated nitric acid in glacial acetic acid, The
reagction took place immedistely and the product was
assigned the structure 3-nitro--hydroxy-5,6-benzo-
coumarin (54%),

Reduction of 3-nitro-Y-hydroxy-9,6-benzocoumarin :
3-Amino-Y-hydroxy-5,6~benzocoumarin (55) -

The above nitro compound on reductlon with
sodium biéulphite in aleohol gave the compound which
was assigned the structure 3-amino-'thydroxy-5,6-

benzocoumarin (55)%

HNO3 3
CH3cOOH

\
/

——

/
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- EXPERIMENTAL

4 Hydroxy- 5, 6-bengocoumarin

Y Hydroxy-5,6-bengocoumarin was prepared according
to Shah et a1.36 as follows

A mixture of 8-naphthol (1 M), malonic acid (1 M),
phosphorus oxychloride (2-3 M) and anhydrous gzinc chloride
(2-3 M) was heated with stirring for 9 hours at 70—750.
It was then cooled, decomposed with lce-water and allowed
to stand. The crude product was taken in sodium bicarbonate
solution and acidified, The compound on crystalilisation

, L !
from acetic acid gave m,p. 285 . r%Nw)

4. Methyl-2,5-dioxo-2H, SH-pyrano(3,2-c) benzo(f)~

benzopyran

Y-Hydroxy-5,6-benzocounarin (1 g.) was heated

“with ethyl acetoacetate (1 ml.,) in trifluorcacetic acid

(8 m1,) on a sand bath for 15 hours. After the completion

of the reaction, a few millilitres of ethanol were added

and the mixture kept overnight. The product which séparated
was filtered off and washed with sodium bicarbonate solution.
The residue was crystallised from benzene in yellowish
needles, yield 0.6 g. M.P, and mixed m.p. with an authentie
sample obtained by using anhydrous aiuminium chloride as
condensing agent was 2%60. The carbonyl stretchiﬁg

frequency in the i.réregion is 1745 cm—'.
C,73.38 5 H,3.23 %.
€,73.38 5 H,3.62 4.

Analysls ¢+ Pound

L2

L]

Ci9H400u requires
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The same éompound was also prepared by |

| refiuxing the mixture of W-hydroxy-5,6-benzocoumarin ( 1 g.),
ethyl acetoacetate (2 ml,) and diphenyl ether (8 ml.) for

5 to 6:hours. The mixture was cooled and the separated
product was washed with ﬁetroleum ether (60~800). It was
then treated with sodium bicarbonate solution and the
residue was crystaliised from benzene iﬁ vellowish

needles, m.p. 2%60. Yield 0.5 g. M,P, and mixed m.p.

with the above product was not depressed,

The Friedel-CraftsAgpetxlation of %aﬁydroxy—5L6-

benzocoumarin : 3-Aicetyl-l-tydroxy-5,6-benzocoumarin

&-Hydroxy—5,6_benzocoumarin (1 g.) was dissolved
in acetic acid (5 ml,) and phosphorus oxychloride (2 ml.)
was added to it. The reaction mixture was gently refluxed
for 40 minutes. It was then cooled and added to ice-water.
The product after drying, was crystallised from acetic acid
~in shining needles, m.p. 2010. Yield.0.7 g. It developed

a red colouration with sleoholie ferric chloride solution,

Analysis + Found : C,70.38 5 H,4,12 4.
CysHyoOn requires : C,70.86 3 H,3,96 4.

S LA
Claisen condensation of 3-acetyl-'s-hydroxy-5,6-

bengzocoumarin with Ekhyl chtate : 3-Acetoscetyl-li-

hydroxy="5, b-benzocounarin

3-Acetyl-Y-hydroxy-5,6-benzocoumarin (1 g.) was
dissolved in freshly distilled ethyl acetate (30 ml,) by

gentle warming. The solution was slowly added to pulverized
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sodium (1,2 g.) with shaking. The reaction mixture was then
heated on a water—bath for 6 hours Zﬁd'decomposed with ice.
The mixtgre was extracted with ether and the aqueous layer
was acidified. The product was filtered,dried and
erystallised from benzene in shining yellow needles,m,.p.

[ ¢}
166 , Yield O.4 g.

4

C,68.9§ 3 H,4+.50 7.

Analysis ¢+ Found s -
CygHy205 requires : C,68,92,3 H,4,10 4. ¢ w120 a&

HoY

) o L £
IR A ¥ i
2_Methyl-l; idm.ugég_nyré_no(g,,2-c)ben£o(f)-f«( ( { i

benzongan .

A solution of 3-acetoacetyl-l-hydroxy-5,6-benzo-
coumarin (0.8 g.) in 50 ml; dilute sulphuric acid (25 %.)
was heated on a sand-bath for 2 hours. The cooled reaction
mixture was neutralised with sodium carbonate soluticn and
the separated product was crystallised from acetic acld in

0
yellow needles, m,p. 282 , Yield 0.2 g.

Anglysis ¢ Found : C,73.07 35 H,3.9h /3
CyoHyoOy requires : C,73.38 3 H,3.62 %, KL :;7

Claisen condensation ofA3-hcety1—4~_ydrogy-5,6-benzo-“

coumarin with exhyl @xalate + 3-Aceto-oxalyl-4-hvdroxy-5,6-

benzoccumarln

3—Acety1~k»hydroxy~5,6-benzocoumarin (1 g2.) was
dissolved in ethyl oxalate (25 ml,) by warming and this
warm solution was added slowly with shaiing to pulverized
sodium (; £,). The mixture was heated on a steémybath for

<
6 to 7 hours with ocgféggnal shaking and decomposed with
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, iece~water, The séparateé‘pré&uct was washed several times
with water and dried. It was:crystalliséd from large
quantity of acetic acid in yellow needles, m.p. 20200.
Yield 0.6 g. The filtrate in the zbove reaction mixture

was ether extracted to remove unreacted ethyl oialate and

- the aqueous solution was acidified. No product was separated
from the filtrate, E )

Analysis + Found : C,64.52 5 H,4.05 4,

H,3.95 %.

1]

C19Hyu0y ~ requires @ c, 64 40

2-Carboxy-U, 5-dioxo-4H, SH-pyrano(3,2-c)benzo(£)~
benzopyran é?»f)

3-Aceto~oxa1y1~h-hydroxy-5,6—bepzécoumarin (0.5 g.)
was mixed with 30 mll of sulphuric acid (50 %) and the
mixture was"refluxeq‘on a sand-bath for 4 hours. It was
then pQured into ice-cold water and filtered. The residue
was purified by taking into biecgrbonate solution and
acidified. The product after drying was crystallised from
large quantity of acetic acid in colourless crystals,

m.p. 285 . . |
nglysis & Found  : C,66,55 5 H,2.62 %.

CypHo0¢ .requires : C,66.45 3 H,2.28 %.
Cp Ha Dl ' b6 23 Go
d 4tTempted Wecarboxylation of the %b%ve fcid to

Y, 5-Ai0x0-4H, H-pyrano(3,2-c) benzo(f) benzopyran

2.Ca;boxy;4,5-dioxo-kﬁ,SH;pyrano(3,2-c)benzo(f)-
benzopyran (0,5 g.) was dissolved in freshly distilled
- quinoline (% ml,) and it was refluxed with copper bronze(0.2 g.)



The mixture was decoﬁposed witﬁ ice-cold hydrochloric acid
and ether extracted. On eVaporétion of tﬁe ether c: .3

unworkable product‘was obtained. Attempt‘fo decarboxylate
the acld by heating abowe its melting polnt also met with

failure. y

. Attempted Clgiéen ondensation of_3—écety1—h—hydroxy—

) e
5,6-benzocoumarin withégihyl Benzoate

3—Acety1-h-hydroxy—5?6~benzocoumarin (1 g.) was
dissolved in ethyl benzoate (25 ml.) and the hot solution
was added to pulverized sodium (1 g.). The reaction
mixture on heatipg on a steam-bath or at a higher

o
temperature (180-90 ) gave the original product only,

K.R.Acetylation of angcetglfhuhydrggy-5.6~benzocoumarin:

4Methyl-2, SLdloxo-2H§SH:PYranc(3.2-c)benzo(f)benzonyran

A mixture of 3—acety1—h-hydroxy#),6~benzocoumar1n
(2 g.),freshly fused sodium acetate (2 g.) and acetic
anhydride (+ m1,) was refluxed at 135 for 2 hours. It was
cooled and poured into water. The brown solid was filtered
and after 2-3 crystallisation§from acetic‘abid it gave
yel}owish erystals in poor yield, m.p. 2#50. The mixed m,p.
with an authentic.sample prepgred by thé Pechmann
condensation of hghydroiy-5,6-benzocoumarin with ethyl

¢
acetoacetate was ang |

Friedel-Crafts ?’grog ionylation of h_ﬁxdrog 546-benzo-

coumgrin : 3—Progiongl-kbhz§ro§zAjié-benzocoumarin

A mixture of h-hydroxy—s,6—benzocoumarin (1 g.)

176



177
propionic acid (5 ml.)sand phpsphorus oxychloridé (2 m1,)
was gently refluxed on g sép&—bath for 2 hours. The qold
mixture was poured into ice-water,filtered,washed and
crystallised from acetic acid in . shining needles, m.p;193°.
Yield 0.5 g. It gave the red colouration with &lcoholic

ferric chloride solution,

Analysis + Found :+ C,71,60 3 H 4‘32 %.
Cy¢Hy20y requires : C,71, 6% s Hb, uzi7

Attempted Pechmann gondensation of h-%y@gg;x 5 6—

benzocoumarin with @thyligenzoylacetate to hgahenxl-2,§—

dioxo-2H, 5H-pyrano(3,2-c)benzo(f)benzogyran

4 Hydroxy-5,6-benzocoumarin (1 g,) was heated with
ethyl benzoylacetate (2 ml,),anhydrous aluminium chloride
(1.2 g.) gnd nitrobenzene (6 ml,) in an oil bath at 130o
for 4 to 5 hours. On working out the reactlon mixture as-
usual the original compound was obtained back. ‘

Y4 Hydroxy-5,6-benzocoumarin (1 g.) was refluxed
with ethyl benzoylacetate (1 ml,) and diphenyl ether (5 ml.)
for 20 hours. The reaction miiture was cooled and on

working out as usual the original product was Trecovered,

Frles &igration of hh%enzoyloxy—5.6—benzocoumarin s

3-Benzoy1-hhhydroxv-5.6~benzocoumarin :

4 Benzoyloxy-5, 6~-benzocoumarin

'Htudroxy-5,6;benzoéoumarin (1.5 g.) was
dissolved in pyridine (10 ml.)‘and*piperidiné (2-3 drops)
' - (33
was added to it. The mixture was kept at 0 and



benzoyl chloride (3'm1.) was slowly added with constant
stirring. It was kept in ice-bath for 5 minutes and then
decomposeé with iceeand hydrochloric acid. The separated
product was washéd with diiute'élkali and ciystallised from
acetic acid in shining needles, m.p. 2060. Yield 1 g.
C,75.79 5 H%.18 %.

CaoHy 20y requires : C,75.9% 3 H,3.82 4,

»

Analysls + Found

«3-Bqupy1-H~hydfoxy-5,6—benzocoﬁmarin

An intimate mixture of benzoyloxy-5,6-benzo- '
coumarin (1 g.) and anhydrous aluminium chloride (3 g.) was
heated in an oil bath at 1%0—500 for 1 hour. The cold
mixture was decomposed with ice.and hydrochloric acid and
the product was purified by taking it in sodium bicarbonate
solution, It was crystallised from benzene in yellow
shining needles, m.p. 20#0. Yield 0.5 g. It developed ra:

red colouration with alcoholic ferric chloride solution.

Analysis s+ Found

-

. C,75.67 5 H,3.6% 7.
CagHy20y requires : C,75.9% 3 H,3.82 %.

Kbstanecki~Robinsoh.écetylation of 3—%enzoyl.h;

hydroxy-5,6-benzocoumarin s - 4_Phenyl-2, 5-dioxo~2H, 5H-~

pyrano(3,2-c)benzo(f)benzopyran

3-Benzoyl-l-hydroxy-5,6-benzocoumarin (1 g.)
was mixed with freshly fused sodium acetate (3 g.) and
acetic anhydride (35 ml,). It was heated in an oil bath
at 150-600 for 6 to 8 hours_anﬁ decomposed with water.

The product was.filtered,wasﬁed with biégrbonate solution
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and crystallised from acetic acid in reddish crystals,
(4] . -

m,p, 280 , Yield 0.k g,

Analysis ¢ Found :+ C,78.07 3 H,3.20 %.

Ca2Hy20y requires ¢ C,77.6% 3 H,3.53 %.

-

Synthesis of 2-methyl-two0xo-"H-furo(3,2-¢)benzo(£)-

benzopyran : 4-Allyloxy-5,6-benzocounarin

A mixture of Y-hydroxy-5,6-benzocoumarin (1 g.),
allyl bromide (0,8 ml,), anhydrous potassium earbonate (2 g.)
and dry acetone (100 ml,) was refluxed for 20 hours. The
acetone was digtilled off and the product was washed with
dilute alkali solution and then with petroleum ether., It
was dissolved in benzene and the dried benzene solution was
allowed to percolate through a short colump of activated
"alumina and eluted with hexane. The eluzte on evaporation
yielded the product which crystallised‘from benzene-
petroleum &ther as yellowish needles, m.p.146o. Yield 0,2 g.
Analysis + Found : C,76,1% 5 H,%.70 %,
CyeHy204 requires : €,76.19 § H,4.76 4.

2-Methyl-2,3-dihydro-t-oxo-WH-furo(3,2-c)benzo(f) -~

benzopyran N
- Al1lyloxy--5,6-benzocoumarin (0,5 g.) was heated

at 195;2000 (temperature of reaction mixturej in an oil
bath for 1 hour, The dark brown mass was washed with
bicarbonate solution and on erystallisation from benzene-
petroleum ether it gave the colourless shining needles,‘

o .
m.,p., 15% , Yield 0.2 g.
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Analysis ¢ Found : C,75.84 5 H,4,58 4,
s H,4.76 9,

Cy6H120;5 requires : C,76.,19

2-Methyl-toxo- 1. furo(3,2-¢)benzoff)benzopyran

2-Methyl-2,3~dihydro-l-oxo-4H-furo(3,2-¢)
benzo(f)benzopyran (0.2 g.) was dissolved in diphenyl
ekher (2 ml,) and refluxed with palladised charcoal
(0.2 g. 3 10% ) for 6 to 8 hours. It was filtered hot
and cooled. The separated crystals weie washed with
petroleum ether,drisd and’crystallised from acetic acid

0
in shining needles, m,p. 246 , Yield 0,05 g.

Analysis ¢ Found : C,76.33 5 H,3.88 7. gt s (
e Pt T L
Cy¢Hyo03 requires : C,76,79 ; H,4,03 %. '

B0 G- 00
Chalkone synthesis : 3-Cinnamoyl-Y-hydroxy-5,6-

bengocoumaria

Pvesaie ik e

3~ Acetyi-l-hydroxy-5,6-benzocoumarin (1 g.) was
dissolved in ethanol by warming and to this solution
benzalidehvde (1 ml,) and potassium hydroxide solution
(10 m1, 5 100 4 ) were added. The mixture was kept at the
room temperature for 3 days. The clear solution was dlluted
with water and ether extracted. The aqueous solution on
acidification gave the product which was erystallised from
acetic acid in yellow needles, m,p. 1760. Yield 0.4 g,

nalysis : Found : C,77.05 5 H,4,08 4.

*

Ca2Hy4 0y Tequires @ C,7’7.20 3 H,’-!-.Og %,



Attempted cyelisation of the chalkone to the flavone

derivative

3-Cinnamoyl-t-hydroxy-5, 6-benzocoumarin (0.5 g.),
amyl alcohol (5 ml,) and selgnium dioxide (0.5 g.) were
heated at 1&0»500 for 20 hours., The mixture was filtered
and the separated product on cerystallisation from acetic
acid was found to be unchanged 3-cinnemoyl-Y-hydroxy-5,6-

benzocoumarin,

‘Condensation of 4-hydroxy-5,6-benzocoumarin with

salicylaldehyde

L Hydroxy-5,6-benzocoumarin (0.5 g.) was dissolved
in aleohol (80 to 90 mi,) by boiling. To the elear solution
salleylaldehyde (2 ml,) was added and the reaction mixture
was‘refluxed for 3 to 4 ﬂgurs. The separated product was
filtered and erystaliised from large quantity of bengzene
in yellowish crystals, m.p. 2910. Yield 0,2 g.

C,77.67 3 H,3.66\%.
C33Hyg0¢ requires : C,77.6% 3 H,3,55 %,

Anglysis : Found

e

Condensation of 4-hydroxy-5,6-benzocoumarin with

catechol

Y

L-Hydroxy-5,6-benzocoumarin (0,5 g.), catechol
(0.3 g.) and sodium acetate (2 g.) were mixed in acetone-
water (50 mi, 1:1), To the clear solubtion potassium iodate
(0.3 g.) and sodium acetate (0,5 g.). in water (15 ml.) were
added slowly with shaking. After 1% minutes the separated

product was filtered and dried. It developed green



colouration with alcoéolic ferric chloride solution,
Because of its insolubility in many organic solvents it

was methylated with dimethyl sulphate (1 ml.), anhydrous
potassium carbonate (2 g.) and acetone by refluxing the
.mixture for 6 hours. On evaporation of the solvent the
product was washed with dilute alkali and crystallised from
.benzene in yellow crystals, m.p. 2770. Yield 6.2 g

H,3.9% 3.

H,4.05 %.

Anglysis : Found s C,72.70

~r

C21Hyu05 requires : C,72.83

B

Attempted condensation of 3-acetyl-Y-hydroxy-5,6-

bengocoumarin with ethyl-bromogcetate

A mixture of 3-acetyl-l-hydroxy-5,6-benzocoumarin

(1 g.), anhydrous potassium carbonate (2 g.),ethyl?,
bromoacetate (1 ml,) and dry acetone (100 ml,) was refluxed
for 70 hours. Acetone was distilled off and the product

on crystailisation from acetic acld gave the yellowish
needles melting at 2010. Mixed m,p, with the original

product was not depressed,

3-Nitro-U-hydroxy-5,6-benzocoumarin

huﬂydréxy-S,6~benzocoumarim (1 g.) was dissolved
in glaeial acetic acid (5 ml,). To this hot solution
‘concéntrated nitric acid (0.5 ml,) in acetic acid (3 ml.)
was added and the regction mixture was warmed in a water
bath at 800 for few minutes, The mixture was immedistely
cooled and the separated product was filtered off. It was

washed with ninimum guantity of alcohiol and crystallised



. L ) . ‘ . 0
from acetie acld in yellow needles, n.p, 171 (decomp.),

yield Ot g,

:g.l:laly§2"§ . Fotlnd H C,60.56 ; H,2068 ; N”gozf; %o
C13HyO5N requires : C,60,71 3 H,2,7% 3 N,5.45 %,

3-Amino-Y“-hydroxy-5,5-benzocoumarin

3-Nitro-t-hydroxy-5,6-benzocounarin (0.5 g.) was
dissolved in alcohol (5 ml.) and to the warm solution,
sodium bisulphite (1.5 g.) was added slowly with shaking,
The compound dissolved but immediatsly separatgd out. The
mixture was then refluxed on a water~-bath for 30 minutés,
It was filtered hot and on evaporation of the solvent the
sevarated product was washed with minimum quantity of

water and filtered, The compound was dried and crystallised

P

‘.’ «
from acetic gc¢id in colourless erystals., M,P, 245 (decomp,).

Analysis ¢ Found : C,68,51 5 H,3.8% 5 W,6,55 %,
Cy3HgO3N requires : C,68.72 3 H,3.99 3 N,6.17 4.

b

. H s
. HES
szrﬂwbvw‘d f:
1
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