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CHAPTER I

Studles on 3-hydroxycoumarins

Though 3-hydroxycoumsrin (I) was first synthesised
as early as 1885 by Plochl and Wlfrum (1), the studles on
3=hydroxycoumaring are relatively few. 3-Fydroxyecoumarins
have been used for the syntheses of benzo pyrilium salts.
Will/statter, Zechmelster and Xindler (2) synthesised
pelargonidin-and cyanidin chloride by treating 33547~
trimethoxycoumarin with suitable Grignard reagentse
Similarly Heilbron, Hill and Walls (3) synthesised 3-methoxy-
2-phenyl-benzopyrillam: chloride from 3-methoxycoumarin.

Godwin and Taves (4) observed tha.t 3~-hydroxycoumarin '
é\scfe an inhibiting effec't on the growth of avena roots.
Rodighiero and Antonello (5) observed that 3-sminocoumerin
derivaf;ives from which 3-hydroxycoumarins can be obtained
e2sily by hydrolysis,are good antibacterial agents against
Staphylococcus Pyrogens, Salmonglla, Shigella ete.

Plochl and Wblfrum (1) synthesised 3-hydroxycoumerin
(I) by the condensation of saiiey‘laldehyde with hippuric
acid in the presence of acetic anhydride through the series

of reactions glven below:
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Later, the reazction was mdified by Erlenmeyer
and Stadlin (6). They heated the reaction mixture on a
steam bath with sodium acetdte and acetic anhydride when
two products ¢ (1) 3-benzoylaminocoumarin (II) and (1i1)
2-phenyl-Y-o-acetoxybenzylidene~5-0xazolone (III) were
obtalned probably through the loss of water in two
different ways from the primary Intermediate product

benzoylamino coumarilic acid (IV).
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Both the produdts, on hydrolysis with alkali, gave
3-hydroxycoumarin.

Further mdification of the experimental technique
such as passing sulphur dioxide after the hydrolysis of
azlactone acetate to precipitate benzoic acid was introduced
by Offe end Jatzkwitz (7). The same authors also synthesised
7-methoxy-3-hydroxycoumarin in 12 % yield from 2-hydroxy-l-
metho xybenzaldehyde.

Dey and Lékshminarayan (8) extedded this method
to the synthesis of 3-amino-5;6-benzocoumarin (V) whicﬁ on
treatment w@th.nitrpus seid gave 3-hydroxy-5;6-benzocoumarin
(VD). It was also obtained by heating eis o-hydroxy-g-
(2-hydroxynaphthyl)aerylic acid (VII) at 160°.
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Beer, Clapke, Khorana and Robertson (9) cérried
out the condensation of 2-nitro-b=hydroxybenzaldehyde with
aceturic acid in the presence of acetic anhydride and sodium
acetate and obtalined SQKeto-h-(e'-nitro-é'-acetoxybenzylidene)
2-methyl.l 45-dihydro-oxazole (VIII) as the only isolable
product, This, on hydrolysis with hydrochloric. acid,
furnished 5-nitro-3-hydroxycoumarin (IX).
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Using the same procedure, Robertson and his
cowrkers (10,11) prepared 3-hydroxy-6;7-dimethoxycoumarin
(X) and 3-hydroxy-6-methoxycoumarin (XI) from 2-a2cetoxy-

5 5-dime thoxybenzaldehyde and 5.methoxy-2-hydroxybenzaldehyde

respectively.
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Shaw, MeMlllan and Armstrong (12) developed the
experimental conditions for the synthesis of 3-acetamido-
and 3-hydroxycoumerin in optimum ylelds. Salicyaldehyde was
condensed by them with pure acetylglycine in the presence
of acetic anhydride and sodlum acetate by heating the
reaction mixture rapidly to 100° and maintalning it at that
temperature for 1.5 hours under dry conditlons. The yield
of 3-acetamidocoumarin was 25 4 . 3-Acetamldocoumsrin when
refluxed with 3N hydrochloric acid in nitrogen atmosphere
gave 3=hydroxycoumarin in 83 4 yield.

As stated before Brlenmever and Stadlin (6)

observed that condensatlon of salicylaldehyde with

>



hippuric acid yilelds a mixture of 3-benzoylaminocoumarin
(ID and 2-pheny1-1+¥cetoxybenzyl idene-5-0xazolone( III),
Pakin (13) reported that 2-me thyla}-(0-acetoxybenzal)-5-
oxazolone (XII) is the only product obtained when
salicylaldehyde is condensed with acetylglycine in the
presence of acetic anhydrlde and sodium acetate, This
difference between the reactivity of hippurle acid and.
acetylglycine In the course of reaction has been stressed

in the reviews by Carter (1%) and Baltazzi (15) .
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The work of Shaw, MeMillan and Armstrong (12)
has definitely established that 3-acetamidocoumarin (XIII)
is the primary isolable product and that 2-methyl-l=
(o-acetoxybenzal)=-5-0xazolone (XII) if formed in small
quantities remains in the mother liquor.

The marked difference in the products obtained
in the condensation of salicylaldehyde with hlppuric acid
and acetylglycine occurs as a result of\two.factors
according to Shaw et al.(12). In the first place the
formation of greater proportion of 2-phenyl-ltege-
acetoxybenzylldene-5-0xaz0lone (IIIj in the condensation
reaction may be expected because of its shhanced resonance

stability arising from the conjugation of the two benzene

-
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rings with the oxazolone ring. Secondly)in the reactilons ‘
with hippuric acid, 2-phenyl-l-o-acetoxybenzylidene-5-
oxazolone (III) is less soluble than 3-benzoylaminocoumarin
(ID) and therefbrg 1t is readily isolated., In the reaction
with acetylglycine, 3-acetamidocoumerin (XIII) crystallises
alone and 2-methy1-h-(g—acetoxybenzal)-5;oxazolone (X1D)
remains in the mother liguor.

Lambooy (16) also remved a similar confusion
between oxazolone and coumarin derivatives in the '
condensation of 2-hydroxy-3-methoxybenzaldehyde with hippuric
acid created by Barltrop (17) and Clem and Duxbury (18).
Robertson and coworkers (9,10,11) obtained oxazolone rether
than the 3-acetamidocoumarin derivatives when 2-nitro-6-
hydroxybenzaldehyde, 2-acetoxy-+,5-dimethoxybenzaldehyde
and 5S-methoxy-2-hydroxybenzaldehyde were condensed with
aceturic acid in the presence of acetle anhydride and sodium
acetate. Gupta (19) also obtalned an oxamlone derivatlve
on a simllar condensation of 2-acetoxybengaldehyde.with
hippuric acid,

Will¥statter, Zechmeister and Kindler (2) obtained
5,7-dihydroxy-B—methsxycoumarin (XIV) in the condensation
of phloroglucinaldehyde (XV) with the sodiuﬁ galt of
methoxy acetle a2cid and methoxy acetle anhydride.
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Using this-procedure, Heilbron, Hill and Walls'
23) prepared 3J-methoxycoumarin from salicylaldehyde in
good yileld, .

Spath and Dobrovolny (20) synthesised 3-hydroxy-
coumarin derivatives by heating 3-aminocoumarin derivatives
with hydrochlorie acid. 6,7;Dimethoxya3-aminocoumarin
(XVI) was thus converted into 3-hydroxy-6,7-dimethoxy-
coumarin (XVII).
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Ghosh (21) condensed g-acetoxy benzoylchloride
with the sodium salt of ethoxy malonic ester in dry benzene.
The condensation product thus obtained gave, on heating

with sulphuric acid 3-ethoxy-lU=hydroxycoumarin (XVIII).
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The same author (21) condensed acetoxyacetyl
chloride with ethyl salicylate in the presence of pyridine.

i
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The product when refluxed with sodium in benzene gave

3,4=-dihydroxycoumarin (XIX) on acidification with sulphuric,
aCido
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Linch (22) treated the oxime of 3-acetylcoumarin
with phosphorfus pentachlordde when it underwent Beckmann
transformtion, giving 3e-acetylaminocoumarin (XX). Careful
hydrolysis with dilute hydrochloric acld gave 3-z2mino- A
coumerin (XXI) but prolonged hydrolysis afforded 3-hydroxy-

coumarin (I).
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Dean, Robeitson and Whallky (11) observed that
6-methoxy-3-hydroxycoumarin (XXII) is formed by the action
of ozone on 3-acetyl-3,k-dihydrocoumarin (XXIID), '

' O OQ, -0 2O
R\ R

S : )
Reac tion‘ of -3-hydroxycoumarin

Erlenmeyer and Stadlin (6) prepared the
phenylhydrazone (XXIV) of 3-hydroxycoutiapin.®n condensation

with g-phenylenediamine, 3-hydroxycoumarin gave a quinoxaline
derivative (XXV), These results indicate that 3<-hydroxy-
coumarin also exhibits ketonic character.

i
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O0ffe and Jatzkewltz (7) obtained the oxime of
9-hydroxyphenylpyruvic acid (XXVI) on heating 3-hydroxy-
coumarin in alkaline solution with hjdroxylamine hydrochloride.

This on heating with acetic anhydride gave o-hydroxybenzyl
"cyanlde (XXVII),
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¥ other substitution reactions appear to have
been attempted, )

» This chapterfdealé with the synthesis of some
substituted 3-hydroxycoumarins by the condensation of
substituted salicylaldehydes with acetylglycine and the
study of some substitution reaction; on 3«hydroxycoumarin,

Synthesls of some 3-hydroxycoumarin derivatives
S5«Bromo salicylaldehyde was prepared accﬁrdinév

to Auwers and Burger (23) by the bromination of

salicylaldehyde., This was condensed with acetylglyecine in
the presence of sodium acetate and acetlec anhydride when
6=brom=3-acetamidocoumarin (XXVIII) was obtained, This
was hydrolysed to 6-bronn-3-hydroxycoumar£iz;§?refluxing
with 3N aleoholic hydrochlorie acid, 6-Brom-3-acetamido-
coumarin has been previously vrepared by Linch (22) by
the Beckmann rearrangement of the oxime of 6-bromo-3-
acetylcoumarin, Controlled hydrolysis of this product
with dilute sulphuric acid did not give 6-bromo—3—
aminocoumarin (m.p. 205°) as reported by Lipch but gave
6-bnomo-3-hydroxycouma:in (mep. 252°), Mixed m.p. with
the product obtained by hydrolysls with alcoholice
hydrochloric acid wes mot depressed.‘Iﬁ gave the
characteristic green colouration of 3-hyaroxycouma§ins
with aleoholic ferrie chloride solution. It wvas also
soluble in sodium hydroxide solution. |
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6,8-Dibromo.:3-hydroxycoumarin (XXX) was
syntheslsed by the condensation of 3,5-dibromosalicylaldahyde
prepared according to Brewston (24) with acetylglycine in
the presence of écetic anhydride and sodium acetate and
subse;éuent»hydrolysis of 6,8.41bromo-3-acetamidocoumarin

(XXXI) formed with aleoholic 3N hydrochloric acid.
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6-Nitro-3-hydroxycoum’zrin (XXXII) was synthesised
by the condensation of 5-nitrosalicy1a1dehyde, prepared by
the nitration of salieylaldehyde according to Miller (25) ’
with acetylglycine in the presence of acetic anhydride
and sodium acetate and subsequent hydrolysis of 6enitro-
3-écetamidocoumarin (XXXIII) obtained_with 3N~hydrochlorié
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,3-Nitrosalicy1aldehjde prepared by the nitration
of saiicyialdéhyde according to Miller (25) and 3,5«
dinltrosalicylaldehyde prepared by the further nitration
of the mixture of 3-nitro-and S-nitrosalicylaldehyde
according to Lowett and Roberts (26) on a similar

condensation with acetylglycine in the presence of acetie -
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anhydride and sodium acetate gave 8-nitro-3-acetamidocoumzrin

(XXXIV) and 6,8-dinitro-3-acétamidocoumarin (307
respectively. These were hydrolysed with aleoholic 3N
hydrochlorie acid to 8-nltro-3-hydroxycoumarin (XXXVI) and
648-dinitro-3-hydroxycoumarin (XXLVII) respectively,

NOz , NGz
: Meotwlic
L~ ANHCOCHY INAL _Lou

CAXAAN) CHHXKNY)
o o . NO3
@ ' Aeolic, 0
HCOCH N
CAXXN) : XN 1Y)

Methyl-2,4~d1lhydroxy-3-formylbenzoate prepared
by the modified Gattermann aldehyde synthesis on methyl-pPm

-
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resorcylate according.to Shah and Lai@lla (27) was
condensed with acetylglycine In the presence of acetic
anhydride and sodium acetate as before. 5= Acetoxy-b6-
carbomethoxy-3-scetanidocoumarin (XXXVIII) thus obtained
was hydrolysed with alecoholic 3N hydrochloric acid +o 3y 5=
dihydroxy-é-carbomethoxycoumarin'(XXXD{) « It was further
hydrolysed to 3,S-dihydrqucoumarin-é-carboz;yl.’Lc acid
(XB) by keeping it with 10 Z sodium hydroxide solution

overnight,
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The alternate structure 5-2cetoxy-8-carbome thoxy=3-
acetamidocoumarin (XLI) for the condensation product does
not appear 1likely because of the chelation between the
hydroxyl group and the cafbomethoxy group in methyl 2,15-,-
dihydroxy-3-formylbenzoate,
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This assumption. is supported by the work of ]
Shah and Laiwala (27) who ob.servea that methyl 2,4-dihydroxy-
3=-formylbenzoate when condensed with ethyl acetoacetate

and ethyl malonate In the presence of piperidine gave
5-hydroxy-6-carbome£hoxy-3..acetylcoumarin {\f"—iXLIi andand '
5=hydroxy-3,6-dicarbomethoxycolimarin (XLII,d) respectively.
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2,%Dihydroxy-?,—formylacgtcphenone prepared by
modified Gattermann aldehyde synthesis on resacetophenone
according to Shah and Shah (28) was condensed with
acetylglycine in the presence of acetlc anhydride and
sodium acetate, 5-Acetoxy-b-2cetyl-3-acetamidocoumarin
(XLIII) thus obtained wes hydrolysed with alcoholic 3N
hydrochloric aeid to 3,5-dihydroxy-6-acetylcoumarin (XLI“I).
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The alternate structure Seacetoxy-8-acetyl-3- -
acetamidocoumarin (XLV) 1s precluded for the reasons
stated before viz. the possibility of chelation between
the hydroxyl group and the acetyl group In the 2,k
dihydroxya3-f§rmy1acetophenone.

Shah and Shah (28) also observed that 2,L-
dihydroxy;J-fbrmylacetOphone when condensed with ethyl
acetoacetate and ethyl malonate In the presence of piperidine
éave 5-hydroxy-3,6-dlacetylcoumarin (XLVI a) and 5-hydroxy-
3-carbomethoxy-6-acetyleoumarin (XLVI b) respectively.
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Screening for antlbacterial activity

The followlng compounds were screened by Messrs.
Alembic Chemlcal Works of Baroda for thelr antibscterial .
activity.

(1) 3-Hydroxycoumarin.

(2) S5-Bydroxy-6-acetyl-3-acetamidocoumarin.

(3) 6=Bromo-3-zcetamidocoumarin,

(1) 6,8-Dibfomo-3-aqetamidocoumarin.

(5) 6, 8-Dinitro-3-acetamidocoumarin,

The following five micro-organisms were selected,

each one to represent a separate type.

“
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(1) Staphylococcus aurens (Gram positive)

(2) Bacillus. subtills (Gram positive, spore-former)

3 Eschericﬁia coll (Gram negative)

(&) Saccharomyces cerevislae (Yeast)

(5) Penleillium chrysogenum (Filamentous fungus)

Nome of the substances was however found to
possess any anfimicrobial activity eyen at the concentration
of 10nmg. per ml, Penlcillin for antibacterial activity and
griseofulvin for antifungal activity were used as standards
- for comparison,

Study of the reactions on 3-hydroxycoumsrins

On reviewing the literature 4t was found that very
little wo‘rk has been done on the study of the reactivity of
" 3=hydroxycoumarin, So it was thought of Interest to study
different reactions such as bromination, iodination, Friedel-

Crafts acetylation and Friles migration on 3-hydroxycoumarin,

Action of Qit;:}ous'acid on 3-hydroxycoumarin

With a view to follow up the studies of Erlenmeyer
and Stadlin (6) who obtained a phenylhydrazone and a ,
quinoxallne derivative from 3=hydroxycoumarin as stated
ear}.ier., 1t was thought of Interest to see if the same
pattern of behaviour viz. the presence of ketonle structure
in 3-hydroxycoumarin resulting in the presence of a reactive
methylene group would be shown with nitrous acld., This was
found to be the c;sz se and 3=hydroxycoumarin gave with nitrous
acld an ilsonitroso derivative(XLVII). |
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Action of formaldehyde e _on 3-hydroxycoumsrin

Synthesis of L, %'-methylenebis—(3-bvdroxvconmarin§

In view of the fact that h«hydroxycoumarin when
reacted with fbrnaldehyde gﬁve 3, 3'-wethy1enebis-(h-
hydroxycoumarin), it was thought of interest to study the
effect of formaldehyde on 3=-hydroxycoumarin. When
3=hydroxycoumarin was refluxed with formaldehyde In
aleoholic solution 4,h'umethylenebis-(3-hydroxymoumarin)
(XLVIII) was obtained in good yleld.
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vhen 3-hydroxycoumarin was reacted with benzaldehyde
under similar experimental condition,no condensation took

place and 3-hydroxycoumarin was recaversd unchanged.

¥



Bromination of 3-hydroxycoumsrin derivatives

3-Hydroxycoumarin with bromine in acetic acid
gave 2 monobrom derivative in good yield to which the
Yebromo structure (XLIX) has ﬁeen assigned. On reduction
with zinc dust and acetic acid it gave 3-hydroxycoumsrin
Indicating that the bromine must have entered the pyrone
part of the coumarin molecule and the kwposition is the

only available position in the pyrone part,

Bhorime '
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Attempts to brominate 3-hydroxycoumarin with two

Cogel-a LlhAoomo dduivabive. .

or more mles of bromine In acetic acidimet with failure.

The 4,6-dibromo-(L) and the 4,6,8-tribrom-3-hydroxycoumarin

(LI) were however synthesised by the bromination of the
b~bromo-and 6,8-dibrom-3-hydroxycoumarin respectively. The
structures h,6~dibroup-and 4,6, 8~ tribrom-3-hydroxycoumsr in
were assigned to them as they gave the original coumarins

back on reduction with zine dust and acetic acid.

BROY e
o ANA
[:::]:;;:fo ocehe aoid . 0
P
ke OH Zime dusl- —~Lou
) tocehcanid.
exXXIX) B

¢

23



B Braomnine
O~co J;: aux
acehe g
%@OH i e dh-
+ oeeh cawd

Jodination of 3-hydroxycoumsrin

3-Hydroxycoumsrin, on iodination with iodine and
lodic acid gave a mono iodo derivative. Y- do-3-hydroxy-
coumarin (LII) structure was assigned to it as it gave
3=hydroxycoumarin back on reduction with zine dust and
acetic acid, Farther,}on methylation and treatment with
sodium methoxide in absolute methylaleohol, the iodo
Qerivative gave'tha knowm 3,%Qdimethoxycoumarin (LIII) (29),.
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Friledel-Crafts acetylation of 3=hydroxycoumarin

and Fries mieration of 3.zcetoxyveoumarin

3=Hydroxycoumarin, on Friedel-Crafts acetylation
with acetic anhydride and anhydrous aluminium chloride



gave Lw-gcetyl-3-hydroxygounarin (LIV) in very poor yield.
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The gsame procduct was cobtaired in poor yield in
the Fries migration of 3-zcetoxycoumarin (LV) at ?%00.’Et
gave the characteristic green colouration in aleoholic
ferric chloride solution. It gave salicyclic acid on
oxidation with alkaline permanganate solution, which
indicated that the acetyl group had not gone to the

benzene part of the coumagrin molecule.
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Chloromethylation of 3-hydroxycoumari

When 3-hydroxycoumarin was subjected to
chloromethylation, it gave a chlorine free product. Its
mixed mep. with 4,# -methylenebis-(3~hydroxyccumarin) -
described earlier (p.24-) was not depressed and hence

this structure has bheen assigned to the product.
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Some_ attenfpted reactions

Formylation : 3-Hydroxycoumarin, when subjected

to the action of hexamine gave a complex nitrogenous
pProduct which could not be hydrolysed to the formyl

derivative. Attempt was also made %o formylate it by

ot

fheating it with N-methylformsnilide in the presence of
phosphorus oxychloride using chlorobenzene as so;vent.
Only the original coumarin could be isolated from the
reaction mixture.

Klfration : No definite product was isolated

e s o R

N

wnen 3-hydroxyecurarin was subjected to nitratiocn.



EXPERIMENTAL

3-Hydroxycourerin was prepared as follows
according to Shaw et al, (12).

3~ Acetamidocoumsrin

Salicylaldehyde (3.09 g+ 3 0.023 mle), acetylglycine
(2.92 g. 3§ 0.025 mle) freshly fused sodium acetate
(2.0 g« 5 0.025 mole) and acetic arhydride (10 ml. ;
0.1 mole) were heated on -a steam bath for 1 hr. The product
obtained on pouring the reaction mixture in water
erystallised from acetic acid in colourless needles, m.p.
2060, Yield 1.0 g.

3-Hydroxycoumerin

3-Acetamidocoumarin (1.0 g.) was dissolved in
minimnm quentity of alcohol and refiuxed with 3N
hydrochloric acid (25 ml.) for 3 to 4 hr, The 3-hydroxy-
coumgrin obtained 6n,cooling on repeated crystallisation
from aleohol (charcoal) gave colourless needles. M.P,
153-54e, Tt gave a characteristic green colouration with
alcoholic ferrie chloride solution and was soluble in

sodium hydroxide solution in cold.

6-Bromo-3-acetamidocoumarin

5-Bromo salicylaldehyde required for this reaction
was prepared by the bromination of salieylaldehyde according
to the method of Auwers and Burger (23).

5-Bromo salicylaldehyde (7.5 g. 3 0.025 mle),
acetylglyclne (2,92 g. 3 0.025 mole) freshly fused sodium
acetate (2.0 g. § 0.025 mle) and acetic anhydride



2%
(10 ml. § 0.1 mole) were heated dn a steam bath for
1 hr. The product obtained on dilution of the reaction
mixture with water crystallised from acetic acid in
colourless needles, MY, 261-620, Yield 1.5 g. Linch (22)

reported m.p. 2660,
4nalysis - '
21.2% mz, of the substance gave 1k, 26 mg. of

silver bromide,

Found : Br = 28,57 %.
Ci4HgO3MBr requires : Br = 28,36 %,

6=Bromo-3-hydroxyeoumsr in

6-Bromo-3-acetamidocoumarin ( 1.0 ge) was dissolved

in minimum quantity of alcohol and refluxed with 3N
hydrochloric acid (25 ml. )(fbr 4 hrs, 6-Bromo-3-hydiroxy-
coumerin obtained on cooling crystallised from aleohol in
colourless needles, m.p. 252°, Yield 0.3 g. It gave a
characteristic green colouration with alcoholic ferrie
chloride solution and was soluble In sodium hydroxide . -
solution 1n cold. The same product was obtained when the
hydrolysis was carried out with dilute sulphuric acld
according to Linch (22),

Analysis ¢

8.772 mg. of the substance gave 6.850 mg. of
sllver bromide. -

Found Br = 33.23 %.
CyHs03Br requires ¢ Br = 33,02 %.

(1]
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6,8=-Dibrom-3I-acetamidocoumarin

| 3,5=Dibromosalicylaldehyde (24%) (3.8 g. 3 ,

0.01 ﬁble), acetylglyeine (1.17 g. 3 0.01 mle), freshly
fused sodium acetate (0.8 g. § 0.01 mle) and acetle
anhydride (5 ml. § 0.05 mle) were heated on a steam bath
for 1 hr. The product‘obtained on dilution of the reaction
mixture with water c?ystallised from acetic acid in colourless
needles, m.p. 279°, Yield 0.7 g.

Analysis ¢ ,

8.998 mg, of the: substances gave 9.4 mg, of
sillver bromide,

Found Br = 44,66 %,
C11H,03MBr, requires ¢ Br = h4.32 Do

6,8-Dibromo-i-hydrogxcoumarin

6,8-Dibromo-3-acetamidocoumrin (1 g.) was

o0

dissolved in minimum quantity of aleohol and refluxed with
3N hydrochloric acid (25 ml.) for % hr. 6,8-Dibromo-3-
hydroxycoumarin, obtained on coollng, erystalllsed from
aleohol in colourless needles, m.p. 261°, Yield 0.25 g. It
gave the characteristﬁic green colouration with alcoholic
ferric chloride solution and wes soluble in sodium hydroxide -
solution in cold. |

Analysig ¢

7.782 mg. of the substance gave 9,110 mg. of
silver bromide,
Br = 49,82 %,
CoHy03Br,  requires : Br = 50.00 %.

~

Found

"%
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6-Nitro=3-acetamidocoumarin

5-Nitrosalicylaldehyde (25) (4.2 g. § 0.025 mle),

acetylglycine (2.92 g. § 0.025 mole),freshly fused soditm
acetate (2.0 g. 5 0.025 mle) and acetic anhydride (10 ml. $
Oel mole) were heated on a :-steam bath for 1 hr. 6= Nitro=3-
acetamldocoumarin obtained on working up as before
crystallised from acetic acid in yellow needles, m.p., 278°,
Yield 0.7 z. '

Analysis ¢

9.50 mg. of the substance gave 0.951 c.c. of
nitrogen at t = 33°C and »=758 mm,

Found ¢ N=11.10 %,
11.30 %.

Cy1HgOg regquires ¢ N

6= Nitro-3-hydroxycoumarin
6-Nitro-3-acetamidocoumsrin (1 g.) dissolved in
minimim quantity of aleohol was refiuxed with 3N hydroch1oric
acid (25 ml,) for 4 hr. 6-Nitro-3-hydroxyeoumarin obtained
on coéling crystallised from alcohol in whitish yellow
neecdles, m.p. 256°, Y;eld 0.25 g. It gave a characteristic
green colouration with alecoholic ferric chloride solution
and was soluble in sodium hydroxide solution in cold.
Analysis ¢
9.7 mg, of Bhe substance gave 0,604 c.c, Of
nitrogen at t = 30°C and p = 757 mm,
6.98 %.

60 76 %o

ound s N

i

CoHzOg N requires ¢ N



8-Nitro-3-acetamidocoumrin

3-Nitrosali§éidehyde (29) (4.2 g. § 0.025 mle)

acetylglycine (2,92 g. § 0.025 mle) freshly fused sodium
acetate (2.0 g. § 0.025 mle) and acetic anhydride (10 nil.j
0.1 mole) were heated on a steam bath for 1 hr. The
reaction mixture on working up as before gave 8-nitro-3-
acetamidocoumarin which erystallised from acetic acid in
pale yellow needles, m.p. 268°. Yield 0.6 g.

Analysis ¢
6,02 mg. of the substance gave 0.63% c.c. of

nitrogen at t = 3%° and p =756 mm,
Found 11.65 %.
N =11.30 %.

N

0

Cy1Hg05 X, requlres

8= Nitro-3-hyvdroxveoumzrin _

8- Mitro-3~acetanidocoumsrin ( 1 g.) dlssolved

in alcohol was refluxed with 3N hydrochioric acid (25 ml.)
for 4 hr, 8-Nitro-3-hydroxycoumarin obtained on cooling
crystallised from alcohol In yellow needles, mepe. 220°. &
0.2 g. It gave characterlstic green colouration with
aleoholic ferric c,hlofide solutlon and was soluble In cold
sodium hydroxide solution, ’

Analysis ¢

9.610 mg. of the substance gave 0.595 c.c. OFf
nitrogen at t = 30° and p = 757 mm. —

Found s N =6,70 %.
CyHy05 N reéuires s N =6,76 %,

31
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648-Dintro-3-acetamidocoumarin

3,5-Dintrosalicylaldehyde (26) (5.30 g. 3 0.025 mle)
acetylglycine (2.92 g. § 0.025 mole) freshly fused sodium
acetate (2.0 g. 3 0.025 mole) and scetic anhydride (10 ml. $

0.1 molef were heated on a steam bath for 1 hr. The product
obtained on working up as usual crystaliised from scetic
acid in yellow needles, m.p,225°, Yield 0.6 g.

Analzsis H
8.74 mg, of the substance gave 11.1% c.c. of

nitrogen at t = 30°C and p = 752 mm,
Found s N =14,54% 4,
0111{707 NB l’equires s N = 1)4'033 %o

6,8-Dinitro=3-hydroxycoumasrin

6,8-binitro-3-acetamidocoumarin (L g,) was

hydrolysed with aleoholle 3N hydrochloric acid (25 ml.)
by heating for & hr. as before. The 3-hydroxycoumsrin
derivative obtained oﬂ cooling- crystallised from alcohol
in yellow needles, m.p. 185°, Yield 0.2 g, It gave the
charac#tériétic green colouration with alecoholic ferric
chlofiée solution and was soluble in cold sodium hydroxide
sclution,

Analysis ¢

9.47 mg. of the substance gave 0.902 c.c. of
nitrogen at t = 29° and p = 752 mm,

- Found ¢ N=10.8 %.

CoHy0, N, requires ¢ N = 11,1 %.
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5= Acetoxy=-6-carbomethoxy=3-acetamidocoumarin
Methyl 2,4-dihydroxy=3-formylbenzoate (27)
(4,92 g, 3§ 0,025 mle), acetylglycine (2.92 go § 0.025 mole)

freshly fused sodium acetate (2 g. 3 0.025 mole) and acetic
anhydride (10 ml. § 0.1 mole) were heated on o steam bath

for 1 hr. The reaction mixture on working up as before gave
S-acetoxy-6-carbomethoxy=3-acetamidocoumsrin which
crystallised from acetilc acid in colourless needles, meP.
255°, Yield 07 go
' Analysis ¢ _
8.68 mg, of tﬂe substance gave 0,357 c.c. of
nitrogen at t = 33° and p = 757 mm,
Found’ t N=14,57 ¢,
CysHy30,N  requires : N = L,52 %,

34 5=Dihydroxy-6-carbometho xycoumarin

5-Acetoxy-b~carbometho xy-3-acetanidocoumarin
(1 g.) in minimum of alechol was refluxed with 3N hydrochlorie
acid (25 ml.,) for % hr. The é,5=Dihydroxy-6-carbomethoxycoumgrin
obtained on cooling- crystallised from aléohol in colourless
needles, m,p.225°. Yield 0.35 g. It gave green colouration
with alcoholic ferric chloride solution and wes soluble in
cold sodium hydroxide solution.
Analysis ¢
9.28 mg. of'the’substance gave 18,88 mg, of
carbon dioxide and 2,50 mg, of water.
" Found t C =55,529%
Cy4HgOyg requires ¢ C = 55,90 %

H=3,02 %,
H= 3,39 %Z.

we

]



34
3,meihzdrOXZCougggin-é-carbogzlic acid
3,5-Dihydroxy=-6-carbomethoxycoumarin (0.2 g.)

was kept with sodium hydroxide solution (10 ml. § 10 %)

for 24 hr, It was then acidified with hydrochloric acid and
the product crystallised from alcohol iIn colourless
needles, m.ps 265°, Yield 50 mg. It wes soluble in sodium
hydrogen ca;boﬁnglution with effervescence and gave green

colouration with alcoholie ferric chloride solution.
i

Analysis ¢ ' N

9.5 mg. of the substance gave 18,51 mg. of
carbon dloxide and 2,37 mg. of water,

Found C=5%907% ; H= 2,90 %o
5%4,50 % 3 H = 2,70 %,

e

e

CioHgOg requires ¢ C

9-Acotoxy-b-acetyl-3~acetanidocoumarin

2,4-Dihydroxy-3-formyl acetophenone (28)

(.52 g. § 0.025 mole), acetylglycine (2,92 g, 3 0.025 mole),
freshly fused sodium acetate (2.0 g. § 0.025 mole) and
acetic anhydride (10 ml, § 0.1 mple) were heated on a steam
bagh for 1 hr, S5-Acetoxy-b-acetyl-3-acetamidocoumagpin
obtalned on working up as before crystallised from acetic
acid in colourless needles, meps 290°. Yield 1 g.

Analysis ¢ )

9.4t mg. of the substance gave O.441 ¢.c. of
nitrogen at ¢ = 30° and p = 758 mm,

Found " : N=1495 2.
Ci5H 304K requires ¢ N = 4,62 %,



3. 5=Dihydroxy-be=zcatyleoumarin
- Acetoxy-6-acetyl-3-acetamidocoumarin (1 g.)

in minimun of aleohol was refluxed with 3N hydrochloric acid
(25 ml.) for 4 hr, 3,5-Dihydroxy-6-acetylcoumarin obtalned
on cooling crystallised’ from alcohol in colourless needles,
MePe 230°. Yleld 0.2 g« It gave green colouration with
alcoholie ferric chloride solution and was soluble in cold
sodium hydroxide solution,

Analysis ¢

7,0k mg, of the- substance gave 15.54% mg. of
carbon dloxide and 2.28 mg, of water.

Found C = 60,24 2
Cy1HgOs requires : C = 60,04 %

o8

H = 3.62 %,
H= 3.6k %,

e

e

Action of nitrous acid on 3-hydroxycoumarins

4 Isonitroso-2,3-diketochroman

A mixture of 3-hydroxycoumsrin (1 g.) in minimum
quantity of aceti¢ acid and concentrated hydrochloric acid
(5 ml.) was cooled externally and sodium nitrite solution
(0.5 g. 3 5 ml., water) was added dropwlse., Soddum hydrogen
carbonate solution was then added to neutralise the
excess of aclds in the mixture and the whole solution was
then extracted with ether, The product obtained on removal
of ether crystallised from benzene-petrol mixture in stout

yellow needles, m.p. 185°. Yield 0.15 g.

Analysis s
10.30 mg., of the substance gave 0,654% c.c. of

nitrogen at t = 33° and p = 758 mm,

Y
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Found

L

N=7.1%
CyHz0, N requires : N = 7,3 %.

Action of formaldehyde on 3=-hydroxycoumarins

L btomethylene bis-(3-hydroxycoumarin)

3-Hydroxycoumarin (1.62 g. § 0.01 mle) ané

formelin (40 % solution ) (3 ml., 3 0.03 mole) in alcohol
(25 ml.) were refluxed for 3 hr., The separated product wes
filtered hot and crystallised from alcohol in colourless
needles, m.p. 266°, Yield 0.7 g.

Analysis /

9.62 mg. of the substance gave 23.78 mg. of
carbon dioxide and 2,88 mg. of water.

Found e C =674 %
‘67.85 %

H = 301"5 %oj
H=3.53 %

“e

i

CqqHy20¢ requires : C

‘fl

Bromination of 3-hydroxycoumarin ¢ L4-Bromo-3-
hydroxycoumapin
3-Hydroxycoumerin (1,62 g. § 0.01 mole) was
dissolved in minimum quantitylof acetic acild and bromine:
(1.6 2. 3 0.01 mole) in acetic acid (16 ml.) was added.
The resction mixture was stirred for‘O.S hr., The separated
product crystallised from acetic apid In colourless needles,
mp. 210°, Yield 1.5 g.
Analysis ¢ )
10.219 mg, of the substance gave 8,016 mg. of
silver bfomide.

Found

L 1]

Br = 33.15 Z.

33.02 %.

CoH;03Br requires : Br

(1]

36
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This Bromocoumarin (0.3 g.) in acetic acid
(25 ml.) when refluxed with zine dust (1 g.) for 2 hr,
gave 3J=hydroxycoumarin. Melting point and mixed m.p. was
153°. B \

Bromination of 6«bgoﬁoo3ahydroxycoumarine L, 6-

Dibromo=3-hydroxycoumspin

6-Brom-3-hydroxycoumarin (2,41 g. 3 0.01 mle)

wes dissolved in minimum quantity of acetic acid, and
bromine (1.6 g. § 0.01 molej in acetic aci1d (16 ml,) was
added., The reaction mixture was stirred for 0.5 hr. The
separated product crystgllised from acetic acid in
colourless needles, myp.273°, Yield 2 g.

dnalysis ¢

11.2 mg. of the substance gave 13,196 mg. of
silver bromide. ‘

Found s Br

' 50.15 %.
CgH,03Br,  requires : Br = 50,00 %.

When this dibromocoumerin (0.5 g.) was reduced
in acetic acid (25 ml.) with zinc dust (1 g.) as above it
gave 6~brcmc-3-hydroxycoumarin. Melting point and mixed
M, P Was 2520, °

Bromination of 6,8-dibromo~3-hydrogycoumarin
L,6,8-Tribromo-3-hydroxycoumarin

, 6,8-Dibromo-3=-hydroxycoumarin (3.2 g. 3 0.01 mle)
was dissolved in minimum quantity of acetic acid and bromine

(1.6 g, 3 0,01 mle) in acetlic acid (16 ml.) was added. The

~
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reaction mixture was stirred for 0.5 hr. The separated
product crystallised from acetic acid in colourless
needles, mp. 230°. Yield 3.0 g.
~ Analysis

10.32 mg. of the substance gave 1%, 49 mg. of
silver bromide.

Tound 59,60 %,
60,10 e

Le

Br

1]

i

CyH303Br; requires ¢ Br

The above tribromocoumarin (0.5 g.j when
reduced with zinc dust (1 g.) and acetie acid (25 mi.)
as before gave 6,8~dibrémo-j—hydroxycoumarin. Mélting
point and mixed m,p, was 261o,

Jodination of 3-hydroxycoumerin: l;--Iodo--._’z--

hydroxycoumarin

3=-Hydroxycoumarin (1.62 g. § 0.01 mole) in
aleohol - was treated with iodine (1. 16g. § 0.008 mole)
followed by iodie acid (0.352 g. 3 0,002 mole ). The
reaction mixture was stirred for 0.5 hr, $he separated
product crystallised from sleohol in pale yellow needles,
‘MeP. 223°(dec.). Yield 0.8 g,
' Analysis ¢

19.3 mg., of the substance gave 15.58 mg., of

silver lodide. ‘ r '

Found

o

I= 143,642,
= L. ok %,
. Ibdo-3-hydroxycoumarin (0.5 g.) when reduced
with zinc dust (1 g.) in acetic acid (25 mi.) by refluxing

-

"0

CoHz031I requi?es



for 2 hr, gave 3-hydroxyéoumarin. Melting point and mixed
m'p. was 153°,
The methyl ether

ke Ibdo=3-hydroxycoumarin (1 g.) was refluxed

with dimethyl sulphate (1.0 ml,) and anhydrous potassium
carbonate (2 g.) in benzene (100 mi,) for 10 hr. Benzene
was remved by distillation and the reaction mixture was
treated with water. The methyl ether which separated
crystaliised from alcohol in yellow needles, m.p. 102°,
Yield 0.7 g. '

Analysis ¢

14,91 mg. of the substance gave 11.67 me. of
silver iodide.

Found I=L42,30 4.
CioHy03I requires : I = 42,38 %o

*0

3, 4-Dimethoxyeoums rin

L. bdo-3-methoxycoumarin (3,02 g. $ 0.01 mle)
wag dissolved In minimim quantity of absolute methyl
alcohol and the solutlon was treated with sodium (0,23 ge3
0.01 mole) dissolved in absolute methyl aleohol (25 ml.).
The reaction mixture was refluxed on a steam ﬁath for 2 hr.
Acidification and subsequent ether extraction gave the
3,-dimethoxycoumarin, m.p. 80°, Arndt and co-workers(29)

report the same m,D,

Analysls ¢

7.35 mg. of the: substance gave 16.72 mg. of
carbon dioxide and 3,02 mg, of water.

-~
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6’4‘.1*'2 % H H= L"o 5’"’ %a
64,08 % 3 H = 4,85 %,

11

Found °

it

s C
CiyH o0y requires ¢ C

Friedel.Crafts acetylation of 3-=hydroxycoumarin s
4. Acetyl-3-hydroxycoumarin ‘
3-Hydroxycoumarin (1,62 g. § 0.01 mole) was heated
with acetic anhydride (2 ml. § 0.02 mole) and anhydrous
aluminium chloride (2.6 g, § 0.02 mole) on a steam bath for
3 hr. The reaction mixture was cooled and treated with
lce and hydrochloric agld and filtered . The product after
drying was extracted with hot petroleum ether (60-80°) .
On cooling 3-hydroxycoumerin separated. Concentration of
mo ther. 1iquor gave Y-acetyl-3-hydroxycoumarin which
crystallised from the same solvent In colourless needlss,
meD. 85°, Yield 0,03 g. It gave green colouration with -
aleoholic ferriccehloride solution,
Analysgis ¢
6.28 mg, of the substance gave 14,12 mg, of
carbon dloxide and 2,18 mg, of water,
C = 64, 8% %
64,71 %

H= 3,88 %
H= 3,93 %0

Found

-

e

Cy8HgO,, requires ¢ C

e

The .2,4=dinltrophenylhydrazone
Prepared as asualﬁgave MeDs 236=38°(dec.)

Analysis s
9.52 mg, of the substance gave 0,932 c.c. of
‘nitrogen at t = 29° and p = 752 mm,
Found s N= 11,70 %,
CipH40,N, requires s N=11.59 %



é;gggzgzzggumhrin
Prepared as usual by heating 3-hydroxycourarin
(1.62 go 3 0.01 mole) with acetic anhydride ( 2 ml. ;
0.02 mole) and pyridine ( 1 ml.) on a steam bath for 3 hr.
It erystallised from benzene in colourless needles, mep.
105~060‘ Yield 1.5 g. It did not give any\colouration
with -alecoholic ferric chloride solution. ’
Apalysis
742 mg. of the substance gave 17.62 mg..of
carbon dioxide and 2.86 mg. of wéter.
Found : C = 64%.81 2
64,10 4

i

(¥ 13
H

4.30 %
3.93 Za

N

C1gHg0y requires ¢ C

-
4

Fries migration of 3-acetoxycoumarin : 4-Acetyl-3-

hydroxycoumarin

A mixture of j—acetoxycoumarin (2.0% g. 3 0.01 mole)
and anhydrous aluminium chloride (2.6 g. § 0.02 mole) was
heated in an oil bath at 140 for 2 hr. The reaction mixture
was cooled and treated with ice and hydrochloric acid and
filtered. The product after drying was extracted with
hot petroleum ether 6O~800. On cooling, 3-hydroxycoumarin
separated. Concentraion of mother liquor gave L4-acetyl-3-
hydroxycomwmarin which crystallised from the same solvent in
colourless needles, m.p.850. Yield 0.05 g. Mixed m.p. with
the product obtained from the Friedel~Crafts acetylation of

3-hydroxycoumarin was not depressed.

Oxidation of Y-acetyl-3-hydroxycoumarin

Y-Acetyl-3-hydroxycoumarin (1'g.) was dissolved
'



in sodium hydroxide ;solution ( 10 % j 10 ml.) and heated

with potassium permanganate (0.5 g.) on a steam bath for
..0
O .

\2

3 hr. The product obtained on acidification gave ma.p.ld
Mired m.p. with salicyclic acid was not depressed.

Chloromethylation of 3-hvdroxveoumarin

A mixture of 3-hydroxycoumarin (1.62 g. 3 0.01 mole)
in glaecial acetic acid (10 ml.) and paraformaldehyde (0.3 g.3
0.01 mole) was treated with dry hydrogen chloride at 100

for 1 hr. On cooling the reaction mixture a crystalline

@
jo )

product separsied. It crystallised from alcohol. M.p. and
mixred m.p. vith an authentic specimen of L, 4 -methylene bis-
(3-hydroxycounarin) was 266 . Vield 0.5 g,

Pormylztion of 3-hvdroxycoumarin with hexamine
- - B Py

- st . e Pt ieditdetul i B Cwa we g

3-Hydroxycotmarin (5 ge) hexanine (10 go) and
acetic acid (50'ml.) were heated on a sand bath for 10 hr.
Dilute hydrochleric acid (50 ml. 3 1:1) was then added and
the whole reaction mixture was heated on a steam bath for
ancther 5 hr. The rezction miviure was extracted twice with
ether and the product obtained on removal of ether gave
M. > 3600 and did not ecrystallise. from any solvent.

Tormylaticn ¢f 3-hydroxycounarin with N-methyl

3o

formanilide and phosphorous oxychloride

o Me—— ——— e

o

To 3-hydroxycoumarin (3 g.) dissolved in
chlorobenzene (20 ml.) N-methylformanilide (10 ml.) and
phesphorus oxychloride(5 ml.) were added and the reaction
mixture was heated on a steam bath for 1 hr. Water was then

istilled to remove

joR

added and the regction mixture was shean



¥,
0
chlorobenzene. The product obtained gave m.p. 153 and

was found to be 3-hydroxycoumarin.

Nitration

To an ice-cooled solution of 3~hydroxycoumarin
( 1g.) in acetic acid (7 ml.), con.nitric acid (2.5 ml.s
d. 1.3 ) was added drop-wise. The reaction mivture was
stirred for 1 hr. Vo product separated even on dilution
of the reaction mixtvre with water. It was therefore
extracted with ether. The removal of ether did not give

any definite product.
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