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CHAPTER I

Studies on VhydroxvcoumarIns

Though 3-hydro xyco umar in (I) was first synthesised 
as early as 1885 hy Plochl and life If rum (1), the studies on 
3-hydro xyco umar ins are relatively few. 3- Hydro xy eo umar in s 
have been used for the syntheses of benao pyrilium salts. 
Will^statter, Zechmeister and Kindier (2) synthesised 

pelargonidin-and cyanidin chloride by treating 3?,5^7- 
trimethoxycoumarin with suitable Grignard reagents*
Similarly Heilbron, Hill and Walls (3) synthesised 3-methoxy- 
2-phenyl-benzopyrilf dmm chloride from 3 - me tho xyco uma r in.

Godwin and Taves (4) observed that 3-hydroxycoumarin.
has
here an inhibiting effect on the growth of avena roots. 
Rodighiero and Antonello (5) observed that 3- aminoco umar in 
derivatives from which 3-hydroxycoumarins can be obtained 
easily by hydrolysis,are good antibacterial agents against 
Staphylococcus Pyrogens, Salmonella, Shigella etc.

Plochl and Ifelfrum (1) synthesised 3- hydro xyco uma r in 
(I) by the condensation of salieylaldehyde with hippurie 
acid in the presence of acetic anhydride through the series 
of reactions given below;
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NOH
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/VH-co.CfeHr
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CHj-COOH
------------ >

WaoH

Later, the reaction was codified by Erlenmeyer 
and Stadlin (6). They heated the reaction mixture on a 
steam bath with sodium acetate arid acetic anhydride when 
two products • (i) 3~ben2oylaminocoumarin (II) and (ii) 
2-phenyl-5+-o-acetoxybenzylidene~5-oxazolone (III) were 
obtained probably through the loss of water In two 
different ways from the primary intermediate product 
benzoylamino coumarilic acid (IV).

NHCOCfeH^-.



Both the products, on hydrolysis with alkali, gave 
3-hydro xyco umar in.

Further nodification of the experimental technique 
such as passing sulphur dioxide after the hydrolysis of 
azlaetone acetate to precipitate benzoic acid was introduced 
by Offe and Jatzkwitz (?). The same authors also synthesised 
7-methoxy-3-hydroxycoumarin in 12 % yield from 2-hydroxy-4-
me tho xybenzaldehyde.

/

Dey and Lakshminarayan (8) extended this method 
to the synthesis of 3-amino-5f6-benzoeoumarin (V) which on 
treatment with nitrous acid gave 3-hydroxy-5,6-benzocoumarin 
(VI). It was also obtained by heating cis a-hydroxy-p- 
(2-hydroxynaphthyl)acrylic acid (VII) at l6o°.

Beer, Clarke, Khorana and Robertson (9) carried 
out the condensation of 2- n i tr o- 6- hydro xybenzal dehyde with 
aceturic acid in the presence of acetic anhydride and sodium 
acetat© and obtained 5-keto-4-(2'-nitro-6 *-acetoxybenzylidene) 
2-methyl-^p-dihydro-oxaaole (VIII) as the only isoluble 
product. This, on hydrolysis with hydrochloric.acid, 
furnished 5-nitro-3-hydroxyeoumarin (IX).
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Using the same procedure, Robertson and his
co-workers (10,11) prepared 3-hydroxy-6$7«dimethoxyeoumarin 

(X) and 3-hydroxy-6-methoxycoumarin (XI) from 2-acetoxy- 
if^-dimethoxybenzaldehyde and 5-methoxy-2-hydroxybenzaldehyde 

respectively.

Shaw, McMillan and -Armstrong (12) developed the 
experimental conditions for the synthesis of 3-acetamido- 

and 3-hydroxycoumarin in optimum yields. Salicyaldehyde was 

condensed by them with pure aeetylglycine in the presence 
of acetic anhydride and sodium acetate by heating the 

reaction mixture rapidly to 100° and maintaining it at that 
temperature for 1.5 hours under dry conditions. The yield 

of 3-acetami&ocoumarin was 25 % . 3-Acetamidocoumarin when 

refluxed with 3H hydrochloric acid in nitrogen atmosphere 

gave 3-hydroxyeoutnarin in 83 % yield.
As stated before Brlenmeyer and Stadlin (6) 

observed that condensation of salicylaldehyde with

C*> cx\)



hippuric acid yields a mixture of 3-benzoylaminocouraarin
<2.-*

(II) and 2-phenyl-cetoxybenzyl idene- 5-oxazolone( III) . 

Dakin (13) reported that 2-methyl-1*- (o-acetoxybenzal)-5- 

oxazolone (XII) is the only product obtained when 

salicylaldehyde is condensed with acetylglycine in the 

presence of acetic anhydride and sodium acetate. This 

difference between the reactivity of hippuric acid and 

acetylglycine in the course of reaction has been stressed 

in the reviews by Carter (l4) and Baltazzi (15) .

• CO- CH3

NH.Co.O<3

The work of Shaw, McMillan and Armstrong (12) 

has definitely established that 3-acetamidocoumarin (XIII) 

is the primary i sol able product and that 2»methyl-,f- 

(OracetoxybenzaD-5-oxazolone (XII) if formed in small 

quantities remains in the mother liquor.

The marked difference in the products obtained 

in the condensation of salicylaldehyde with hippuric 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-4--g- 

acetoxybenzylidene-5-oxazolone (III) in the condensation 

reaction may be expected because of its ehhanced resonance 

stability arising from the conjugation of the two benzene
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rings with the oxazolone ring. Secondly^ in the reactions 
with hippuric acid, 2-phenyl-4-o-acetoxybenzylidene«5- 
oxazolone (III) is less soluble than 3-henzoylaminocoumarin 
(II) and therefore It is readily isolated. In the reaction 
with aeetylglycine, 3-acetamidocoumarin (XJII) crystallises 
alone and 2-methyl-4- (o-acetoxybenzal)-5-oxazolone (XII) 
remains in the mother liquor.

Lambooy (16) also removed a similar confusion 
between oxazolone and coumarin derivatives in the 
condensation of 2-hydroxy-3-methoxybenzaldehyde with hippuric 
acid created by Barltrop (17) and Clemo and Duxbury (18). 
Bobertson and coworkers (9,10,11) obtained oxazolone rather 
than the 3-acetamidocoumarin derivatives when 2-nitro-6- 
hydroxybenzaldehyde, 2-acetoxy-4,5°dimethoxybenzaldehyde 
and 5-me tho xy-2-hydro xybenzaldehyde were condensed with 
aceturic acid in the presence of acetic anhydride and sodium 
acetate. Gupta (19) also obtained an oxazolone derivative 
on a similar condensation of 2-acetbxybenzaldehydevwith 
hippuric acid.

Willjifetatter, Zechmeister and Kindler (2) obtained 
5,7-d ihydro xy- 3- me tho xycoumar In (XIV) in the condensation 
of phloroglucinaldehyde (X?) with the sodium Salt of 
methoxy acetic acid and methoxy acetic anhydride.

oh

CH3OCH3COQ A/A.



12
Using this* procedure, Reilbron, Hill and Walls' 

(3) prepared 3-metboxycoumarin from salicylaldehyde in 
good yield.

Spath and Dobrovolny (20) synthesised 3-hydroxy- 
coumarin derivatives by heading 3-aminocoumrin derivatives 
•with hydrochloric acid. 6,7- D imethoxy-3-aminocoumarin 
(XVI) -was thus converted into 3-hydro xy- 6,7- dime tho xy- 
coumarin (XVII).

Hci

H3CO aJ'

cxm *9

Ghosh (21) condensed a-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-@thoxy-4-hydroxycoumarin (XVIII).

o- C0CH3 cooc^
-4- jsIcl-c- coo<4fi$r

co rJ 1LOC*' oc^Hy
----------- ^

O-CO.Cffj

co.C<CO°^r
I CCOCjH y 
OCAHy

OH

The same author (21) condensed acetoxyaeetyl
chloride with ethyl salicylate in the presence of pyridine.
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The product when refluxed with sodium in benzene gave
3,4-dihydroxycoumarin (XIX) on acidification with sulphuric,
acid.

71 OH
COQGjHr

4- CH^oXo • CHjCOCt S*i'$'hxbrn<c SOCOCH^O.CotHj 
CO OC2H5"

y

Linch (22) treated the oxime of 3-acetylcoumarin 
with phosphorous pentachlordde when it underwent Beckmann 
transformation, giving 3-acetylaminocoumarin (XX). Careful 
hydrolysis with dilute hydrochloric acid gave 3-amino- 
coumarin (XXI) but prolonged hydrolysis afforded 3-hydroxy- 
coumarin (I).

A/04k«ci
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&Bean, Robertson and T#ial^y (H) observed that 

6-me thoxy-3-hydro xycoumar in (XXII) Is formed by the action 

of ozone on 3-ac9tyl-3, dihydrocoumarin (XXIII).

°2l

£?OCS*3
*3,co

c?o<"0

leaction^of 3-hydroxrcoumar in 

Erlenmeyer and Stadlin (6) prepared the 
phenylhydra zone (XXIV) of 3-hydro xycoumar in. 6 n condensation
with o-phenylenediamine, 3-hydroxycoumarin gave a quinoxaline

/

derivative (XX?)• These results indicate that 3-hydroxy

co umar in also exhibits ketonic character.

C** ''O

Offe and Jatzkewitz (7) obtained the oxime of 
o-hydroxyphenylpyruvic acid (XXVI) on heating 3-hydro xy- 

coumarln In alkaline solution with hydroxyl a mine hydrochloride. 
This on heating with acetic anhydride gave o—hydroxybenzyl 

cyanide (XXVII).

MHAOH.Hdl

XVt)
cht- C-tOOH

MN' OH'

OH

)CH£N 
OOC.VU)



Kb other substitution reactions appear to have 

been attempted.

This chapter^ deals with the synthesis of some 

substituted 3-hydroxyeoumarins by the condensation of

substituted salicylaldehydes td.th acetylglycine and the
\

study of some substitution reactions on 3-hydroxycoumarin.

Synthesis of game 3-hydroxycoumarin derivatives 

5-Bromo salicylaldehyde was prepared according 

to Auwers and Burger (23) by the bromination of 

salicylaldehyde. This was condensed with acetylglycine in 

the presence of sodium acetate and acetic anhydride when

6-bromo~3-acetamidocoumarin (XXVIII) was obtained. This
ex*1*)

was hydrolysed to 6-browo-3-hydroxycoumar In^rby refluxing 

with 3N alcoholic hydrochloric acid. 6-Bromo-3-acetamido- 

coumarin has been previously prepared 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-bro mo-3- 

aminoeoumarin (m.p. 205°) as reported by Linch but gave 

6-bromo-3-hydroxycoumrin (m.p. 252°). Mixed m.p. with 

the product obtained by hydrolysis with alcoholic 

hydrochloric acid was not depressed. It gave the 

characteristic green colouration of 3-hydroxycoumafins 

with alcoholic ferric chloride solution. It was also 

soluble in sodium hydroxide solution.
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OH

CHO

NHCOCH3

t%-COOH
RQlQ
Nci.0^.

'CX.XMUO

ftiLc.0UjJUc 
%NH<±

CXX\5Cj

6,8-Dibromo-3-hydroxycoumarin (XXX) was 
synthesised by the condensation of 3,5-dibromosalieylaldahyde 

prepared according to Brewston (24) with acetylglycine in 
the presence of acetic anhydride and sodium acetate and 
subsequent hydrolysis of 6,8-&Ibromo-3-acetamldocoumarin 
(XXXI) formed with alcoholic 3W hydrochloric acid.

6-Mi tro-3-hydro xycoumarin (XXXII) was synthesised 
by the condensation of 5-nitrosalicylaldehyde, prepared by 
the nitration of salicylaldehyde according to Miller (2?)^ 
with acetylglycine in the presence of acetic anhydride 
and sodium acetate and subsequent hydrolysis of 6-nitro- 
3-acetamidocoumarin (XXXIII) obtained with 3M hydrochloric



acid.
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nr'tCxxxm)

PllcxtUoL'c 
%pi hc£ ^

exxxi*)

.3- Mtro salicylaldehyde prepared by the nitration 

of salicylaldehyde according to Miller (25) and 3,5- 

dinitrosalicylaldehyde prepared by the further nitration 

of the mixture of 3-nitro-and 5-nitro sal icylaldehyde 

according to Lovett and Roberts (26) on a similar 

condensation with acetyl glycine in the presence of acetic 

anhydride and sodium acetate gave 8~nitro-3-aeetamidoeoumarin 

(XXXIV) and 6,8-diniir o-3-acetamidocoumarin (XXXV) 

respectively. These were hydrolysed with alcoholic 3N 

hydrochloric acid to 8-nitro-3-hydroxycoumarin (XXXVI) and 

6,8-dini*ro-3-hydroxycoumarin (XXXVII) respectively.

NHC0CH3
f&ccUoLcc. 
VlHCl *

CXxXM 0

NO4

■pThcT"^

Methyl-2,4-dihydroxy-3- forraylbenzoate prepared 

by the modified Gattermann aldehyde synthesis on me thyl-
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resorcylate according.to Shah and Laiwalla (27) was 
condensed with acetylglyeine in the presence of acetic 
anhydride and sodium acetate as before. !?-Aeetoxy-6- 
car bo me t hoxy- 3- ac e tamidocouma r in (XXXVIII) thus obtained 
was hydrolysed with alcoholic 3N hydrochloric acid to 3,?- 
dihydroxy-6-carbomethoxycoumarin (XXXDC) . It was further 
hydrolysed to 3 > dihydroxyeoumarin-6-carboxylic acid 
(XK) by keeping it with 10 % sodium hydroxide solution 
overnight.

cho

*C*°
CH^COOH Nft-OfrC

I C?c.?tx\lni)

I*1 3.AIHCJl
COOCH3

HjCOOC NH.CoCHi

O'CoCH

The alternate structure 5-acetoxy-8-carbomethoxy-3- 
acetamidocoumarln (XLI) for the condensation product does 

not appear likely because of the chelation between the 
hydroxyl group and the carbomethoxy group in methyl 2,*f- 
dihydroxy-3-formylbenaoate.



This assumption, is supported by the -work of

Shah and Laiwala (27) who observed that methyl 214- dihydroxy- 

3-formyl benzoate when condensed with ethyl acetoacetate 

and ethyl malonate in the presence of piperidine gave 

5-hydro xy- 6-c arbome thoxy- 3-ac e tylcoumar in ■• (' .XL II ^)d and 

5-hydroxy-3j6-dicarbomethoxycoumarin (XLII,b) respectively.

modified Gattermann aldehyde synthesis on resaeetophenone 

according to Shah and Shah (28) was condensed with 

acetylglycine in the presence of acetic anhydride and 

sodium acetate. % AcQto xy-6~ac etyl-3-ac etamidocouma rin 

(XLJII) thus obtained was hydrolysed with alcoholic 3li 

hydrochloric acid to 3,5-dihydroxy-6-acetylcoumarin (XLIV).

oh Cxt-n)
C.XLU 0^, 'R — C-OCH^ 

C*un by

2,4-Dihydroxy-3-formylaeetophenone prepared by

OCdCH^
Un)

PtlOyLoixc
'iWKct

CXLV) CXUVj



The alternate structure 5-acetoxy-8-acetyl-3- 

acetamidocoumarin (XLV) is precluded for the reasons 

stated before viz. the possibility of chelation between 

the hydroxyl group and the acetyl group in the 2,4- 

dihydroxy-3-formylacetophe none.

Shah and Shah (28) also observed that 2,4- 

dihydroxy-3-forraylacetophone when condensed with ethyl 

acetoaeetate and ethyl malonate in the presence of piperidine 

gave 5-hydroxy-3>6-diacetylcoumarin (XLVI a) and !?-hydro xy- 

3-carbomethoxy-6-acetylcoumarin (XLVI b) respectively.

HO
CHO

K/wO ZArtn-fffidL 

Ocrv> ca^v

CjC-L-Vf» , <R." COC-H 3
CtLLSI » b> . 13. -iCOOC^Hi--

Screening for antibacterial activity

The following compounds were screened by Messrs.

Alembic Chemical t&forks of Baroda for their antibacterial

activity.

(1) 3-Hydroxycoumarin.

( 2) 5- Hydroxy-6- acetyl-3-acetamidocoumarin.

(3) 6-Bromo-3-acetamidocoumarin.

(4) 6,8-Dibromo-3-acetamidocoumarin.

C 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 subtilis (Gram positive,spore-former)

(3) Escherichia coil (Gram negative)
(k) Saccharomyces cerevisiae (Yeast)

(5) Penicillium chrysogenum (Filamentous fungus) 

Kona of the substances was however found to 

possess any antimicrobial activity eyen at the concentration 

of lOnmg. per ml. Penicillin for antibacterial activity and 

griseofulvin for antifungal activity were used as standards 

for conparison.

Study of the reactions oh 3-hydro xycoumar ins 

On reviewing the literature it was found that very 

little work has been done on the study of the reactivity of 

3-hydroxyeoumarin. So it was thought of interest to study 

different reactions such as bromination, iodination, Friedel- 

Crafts acetylation and Fries migration on 3-hydroxycoumarin. 

Action of nitrous acid on 3-hydroxycoumarin 

With a view to follow up the studies of Brlenmeyer 

and Stadlin (6) who obtained a phenylhydrazone and a 

quinoxaline derivative from 3-hydro xycoumar in as stated 

earlier, it was thought of interest to see if the same 

pattern of behaviour viz. the presence of ketonie structure 

in 3-hydroxycoumarin resulting in the presence of a reactive 

methylene group would be shown with nitrous acid. This was 

found to be the case and 3-hydroxycoumarin gave with nitrous 

acid an isonitroso derivative(XLVII).
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■Action of formaldehyde or 3-hydroxycounsrIn 
Synthesis of 4A> -raethyleneMs- n-hyaroxycoumarinl 

Jh view of the fact that 4=.hydroxycoumarin when, 
reacted with formaldehyde gjlve 3,3' - me thyl enebis-(4- 

hydroxycoumarin) , it was thought of interest to study the 

effect of formaldehyde on 3-hydroxycoumarin. When 
3~hydroxycoumarin was refluxed with formaldehyde in 

alooholic solution 4-, 4-' »raethylenebis- (3-hydro xyco umar in) 
(XhVHI) was obtained in good yield.

V/ti&n 3-hydro xyco umar in was reacted with benzaldehyde 
under similar experimental condition,no condensation took 
place and 3-hydro xyco umarin was'recovered unchanged.



Bromination Of 3-hydroxycoumarin derivatives
3“Hydroxycoumarin with bromine in acetic acid

gave a monobromo derivative in good yield to which the 
4-bromo structure (XLIX) has been assigned. On reduction 
with zinc dust and acetic acid it gave 3-hydroxycoumarin 
indicating that the bromine mist have entered the pyrone 
part of the coumarin molecule and the 4-position is the 
only available position in the pyrone part.

Oc U*)

Attempts to brominate 3-hydro xycoumar In with two
0-‘&£'Xrodi'v-<-

or more moles of bromine In acetic acid/jnet with failure.
Ihe 4,6-dibromo-(L) and the 4,6,8-tribromo-3-hydroxycoumarin 
(LI) were however synthesised by the bromination of the 
6-bromo-and 6,8-dibromo-3-hydroxycoumarin respectively. The 
structures 4,6-dibromo-and 4,6,8-tribromo-3-hydroxycoumarin 
were assigned to them as they gave the original eoumarins 
back on reduction with zinc dust and acetic acid.

QOQX)
oh)



OH

Jl'Vv
<KC.4rh'C&£Xt^

^ 'Za'wc eLuA/" 
-{- 0Lt-ebc<*^i’X

cu)

Jbdinatlon of 3-hvdroxycoumarin 
3 - Hydro xyco uma r in, on iodination with iodine and 

iodic acid gave a mono iodo derivative. 4- 3b do-3-hydro xy

co umar in (LII) structure was assigned to it as it gavb 

3-hydroxycoumarin hack on reduction with zinc dust and 

acetic acid. Further.on methylation and treatment with
7

sodium raetboxide in absolute methylalcohol, the iodo 

derivative gave the known 3» 4-dime tho xyco umar in (LIII) (29).
Xoit^e oa~JL 
7-0ctic (Ma'A

4

4 <:<*£(•<£

I\ia o Me. 
a'vv

^tr-Ao-tuie.
rvr' tXk Gu^joii

Friedel-Crafts acetylation of 3-hydro xyonnTnaT*-fn 
and Fries migration of 1-acetoxvcoumarIn

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



25
gave 4-acetyl-3-hydroxycoumarin (LIV) in very poor yield.

CU1V) coch3
JK'PVn.

cl v;
The same product was obtained in poor yield in

othe Fries migration of 3-acetoxycoumarin (LT) at 140 .'It 
gave the characteristic green oo .lour at ion in alcoholic 
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 coumarin molecule.

COttij

fl&kudU'vdt 
RjVl'viO if
C>ttd etli 'fA

Ocooh

Chloromethylabion of 3-hydroxycoumarin 
When 3-hydroxycoumarin was subjected to 

chlorosis thylat Ion, it gave a chlorine free product. Its 
mixed m.p, with 4,4* -methylenebis-(3-hydroxycoumarin) ■ 

described earlier (p.■?-£••)'was not depressed and hence 
this structure has been assigned to the product.

-KH*o Hct

C0CH3

v



Some attempted reactions
S2£21Zlati2S : 3-Hydrorcy comar in, when subjected 

to the action of hexamine gave a complex nitrogenous 

product which could not be hydrolysed to the formyl 
derivative. Attempt was also made to formylate it by 
neating it with M-methylformanilide in the presence of 
phosphorus oxychloride using chlorobenzene as solvent. 
Only the original coumarin could be isolated from the 

reaction mixture.
HfeaMsa • No definite product was isolated 

when 3-hydroxyccumarin was subjected to nitration.



3-Hydroxycouraarin was prepared as follows

according to Shaw et al, (12).

3- -4c e ta mido couma r In

Salicylaldehyde (3*0? g. $ 0.025 role), acetylglycine 

(2.92 g. f 0.02? mole) freshly fused sodium acetate 

(2,0 g. | 0.025 mole) and acetic anhydride (10 ml. j 

0.1 mole) we re heated on a steam bath for 1 hr. fhe product 

obtained on pouring the reaction mixture in water 

crystallised from acetic acid in colourless needles, m.p.

206°. Yield 1.0 g.

3- Hydroxycoumarin

3-4cetamidocoumarin (1.0 g.) was dissolved in 

minimum quantity of alcohol and refluxed with 3N 

hydrochloric acid (25 ml.) for 3 to hr. The 3-hydroxy- 

coumarin obtained on cooling on repeated crystallisation 

from alcohol (charcoal) gave colourless needles. M.P.

153-5^°. It gave a characteristic green colouration with 

alcoholic ferric chloride solution and was soluble in 

sodium hydroxide solution in cold.

6-Bromo-3~acetafflidocoumarin

5-Bromo salicylaldehyda required for this reaction 

was prepared by the bromination of salicylaldehyde according 

to the method of Auwers and Burger (23).

5-Bromo salicylaldehyde (7.5 g. f 0.025 mole), 

acetylglycine (2.92 g. f 0.02? mole) freshly fused sodium 

acetate (2.0 g. f 0.025 mole) and acetic anhydride



(10 ml. | 0.1 mole) were heated din a steam bath for 

1 hr. Tiie product obtained on dilution of the reaction 

mixture with water crystallised from acetic acid in 

colourless needles, ta.p. 261-62°. Yield 1.5 g. Linch (22) 

reported m.p. 266°.

-Analysis :

21.24 mg. of the substance gave 14.26 mg. of 

silver bromide.

Found t Br = 28N. 57 %. 
i ^803MBr requires : 3r = 28,36

6-Bro mo-3-hydroxycoumarin

6-Bromo-3-acetamidocoumarin ( 1.0 g.) was dissolved 

in minimum quantity of alcohol and refluxed with 3N 

hydrochloric acid, (25 ml. ) for 4 hrs. 6-Bro mo-3-hydroxy- 

coumarin obtained on cooling crystallised from alcohol in 

colourless needles, m.p. 252°. Yield 0.3 g. It gave a 

characteristic green colouration with alcoholic ferric 

chloride solution and was soluble in sodium hydroxide : - 

solution in cold. The same product was obtained when the 

hydrolysis was carried out with dilute sulphuric acid 

according to Linch (22).

Analysis ;

8.772 mg. of the substance gave 6.850 mg. of 

silver bromide.

5bund ? Br = 33.23 %.
C9H503Br requires s Br = 33.02 %,
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6.8- Dibromo-.3'-»acetamidocnum3T»iri

3, 5-Dibromo sal icylaldehyde (24) (3.8 g. j .
0.01 mole), acetylglyeine (1.17 g. ? 0.01 nole), freshly 

fused sodium acetate (0.8 g. $ 0.01 mole) and acetic 

anhydride (5 ml. 5 0.05? mole) were heated on a steam bath 
for 1 hr. The product obtained on dilution of the reaction 
mixture with water crystallised from acetic acid in colourless 

needles, m.p. 279°. Yield 0.7 g.
Analysis s

8.998 mg. of tlie: substances gave 9.444 mg. of 
silver bromide.

Found t Br = 44.66 %,
GiiHyOjNBra requires s Br = 44.32 %.

6.8- .Pibro mo-3-hydro xycoumar in

6.8- Dibromo-3-acetamidocoumarin (1 g.) was 
dissolved in minimum quantity of alcohol and refluxed with 

3N hydrochloric acid (25 mi.) for 4 hr. 6,8-Dibromo-3- 
hydroxycoumarin, obtained on cooling, crystallised from 

alcohol in colourless needles, m.p. 26l°. Yield 0.25 g. It 
gave the characteristic green colouration with alcoholic 

ferric chloride solution and was soluble in sodium hydroxide • 

solution in cold.
Analysis t

7.782 mg. of the substance gave 9.110 mg. of 

silver bromide.

Found s Br = 49.82 %,
C9H403Br2 requires j Br = 50.00



6« Witro-3-acetamidocoumarin

5- Uitrosalicylaldehyde (25) (4.2 g. f 0.02? role), 

acetylglycine (2.92 g. f 0.025 mole),freshly fused sodiiim 

acetate (2.0 g. $ 0.025 male) and acetic anhydride (10 ml. f 

0.1 mole) were heated on a .-steam bath for 1 hr. 6-Witro-3- 

acetamidocoumarin obtained on working up as before 

crystallised from acetic acid in yellow needles, m.p. 278°. 

Yield 0.7 g.

Analysis t
9«50 mg. of the substance gave 0.951 c.c. of 

nitrogen at t = 33°C and p=758 mm.

fbund i W = 11.10 %. 
cnI%°5Ir2 requires s W = 11.30

6- Witro-3-hydroxycoumar in

6-Witro«3«acetamidocoumarin (1 g.) dissolved in 

minimum quantity of alcohol was refluxed with 3?T hydrochloric 

acid (25 ml.) for 4 hr. 6-Witro-3 -hydroxycoumarin obtained 

on cooling crystallised from alcohol in whitish yellow 

needles, m.p. 256®. Yield 0.25 g. It gave a characteristic 

green colouration with alcoholic ferric chloride solution 

and was soluble in sodium hydroxide solution in cold.

Analysis t
9*7 mg» of Sshe substance gave 0.604 c.c. of 

nitrogen at t = 30°C and p = 757 mm.

Jbund" s W = 6.98 %,
C9H505W requires % N = 6.76 %,



8-Fitro-3-acetamidocoumarin 

3-Fitrosaliejjaldehyde (25) (4.2 g. ; 0*025 mole) 

acetylglycine (2.92 g. ; 0.025 mole) freshly fused sodium 

acetate (2.0 g. ; 0.025 mole) and acetic anhydride (10 ml.; 

0.1 mole) were heated on a steam hath for 1 hr. The 

reaction mixture on viorking up as before gave 8-nitro-3- 

acetamidoeoumarin which crystallised from acetic acid in 

pale yellow needles, m»p, 268°. Yield 0.6 g.

Analysis :

6.02 mg. of the substance gave 0.634 c.c. of 

nitrogen at t = 34° and p =756 mm.

Sbund s F = 11.65 %*

C^HgOjYa requires s F = 11.30 %•

8- Hi tro ° 3 - hydro xycouma r in

8-Nitro-3-acetamidocoumarin (1 g.) dissolved 

in alcohol was refluxed with 3F hydrochloric acid (25 ml.) 

for 4 hr. 8-Fitro-3-hydroxyeoumarin obtained on cooling 

crystallised from alcohol in yellow needles, m.p. 220°. fer 

0.2 g. It gave characteristic green colouration with 

alcoholic ferric chloride solution and was soluble in cold 

sodium hydroxide solution.

Analysis s

9.610 mg. of the substance gave 0.595 c.c. of 

nitrogen at t = 30° and p “ 757 mm*

Fbund' s F = 6.70 

C9H?05W requires s F = 6.76 %»
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6%8-Dintro~3-a.cetamidocougarin

3, 5-DIntrosalicylaldehyde (26) (5.30 g. j 0.025 mole) 

ac 9 tyl glycine (2.92 g. f 0.025 mole) freshly fused sodium 

acetate (2.0 g. f 0.025 mole) and acetic anhydride (10 ml. 5 

0.1 mole) were heated on a steam bath for 1 hr. The product 

obtained on working up as usual crystallised from acetic 

acid in yellow needles, m.p.225®. Yield 0.6 g.

Analysis s

8„7lf mg. of the substance gave 11.14 c.c. of 

nitrogen at t = 30°C and p = 752 mm.

Fo und“ % N = l4. 54 %. 

c11h707N3 requires s N = 14.33

6 a 8-Pini tro- 3-hydroxycoumar in

6,8-Dinitro-3-acetamidocoumarin (1 g.) was 

hydrolysed with alcoholic 3kT hydrochloric acid (25 ml.) 

by heating for 4 hr. as before. The 3-hydroxycouma.rin 

derivative obtained on cooling;- crystallised from alcohol 

in yellow needles, m.p. 185°. Yield 0.2 g. It gave the 
characteristic green colouration with alcoholic ferric 

chloride solution and was soluble in cold sodium hydroxide 

solution.

Analysis :

9.^7 mg. of the substance gave 0.902 c.c. of 

nitrogen at t = 290 and p » 752 mm.

Found % X - 10.8 %.

CgH^O^ requires f N = 11.1 %,
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5- Ace toxy~6.. cap bo methoxy- 3-ace tamidocoumar In 

Methyl 2,4-dihydro xy-3-formylbenzoate (27)
(4-.92 g. f 0.02? mole), acetylglycine (2.92 g. $ 0.02? mole) 

freshly fused sodium aeetate (2 g. ? 0.02? mole) and acetic 

anhydride (10 ml. j 0.1 mole) were heated on a steam bath 

for 1 hr. The reaction mixture on working up as before gave 
?-acetoxy-6-carbomethoxy-3-acetamidocoumarin which 

crystallised from acetic acid in colourless needles, m.p,
2??«. Yield 0.7 g.

Analysis :
o

8.68 mg. of the substance gave 0.3?7 c.c. of 
nitrogen at t * 33° and p = 7?7 mm.

Tbund' s N = 4. ?7 
Cl5H1307rT requires t F = 4-.?2

3.?-Dihydroxy-6-carbomethoxycoumarin 
?- Ac e to xy- 6- car bo me tho xy-3-ae e tamidoco umar in 

(1 g.) in..minimum of alcohol was refluxed with 3H hydrochloric 

acid (2? ml.) for 4- hr. The 3, ?° Dihydro xy- 6- carbome thoxycouma r in 

obtained on cooling* crystallised from alcohol in colourless 

needles, m.p.22?°. Yield 0.3? g. It gave green colouration 
with alcoholic ferric chloride solution and was soluble in 

cold sodium hydroxide solution.
Analysis s
9.28 mg. of the substance gave 18.88 mg. of 

carbon dioxide and 2.50 mg. of water.
' Found 5 C = ??.?2 % | H a 3.02

C1 ih806 requires s G = ??.90 % $ H a 3.39



3. 5-Dihydroxfrcoumarin-6-c arboxylic acid 

3,5- Bihydro xy» 6-c arbo me thoxyco umarin (0.2 g. ) 

was kept with sodium hydroxide solution (10 nil. $ 10 %) 

for 24 hr. It was then acidified with hydrochloric acid and 

the product crystallised from alcohol in colourless 

needles, m,p. 26?°. Yield 50 mg. It was soluble in sodium 

hydrogen carbon^ solution with effervescence and gave green 

colouration' with alcoholic ferric chloride solution.
I

-Analysis s

9.5 mg. of the substance gave 18.5l mg. of 

carbon dioxide and 2.37 mg. of water.

Found % C = 54.90 j( } H = 2.90 %.

G1 oH6°6 requires sCss55+«50^fH» 2.70 %.

5-A.cetoxy-6..acetyl-3-acetaraidocoumarin 

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

(4.52 g. 5 0.025 mole), acetylglycine (2.92 g. ? 0.025 mole) 

freshly fused sodium acetate (2.0 g. $ 0.025 mole) and 

acetic anhydride (10 nil. f 0.1 mole) were heated on a steam 

bath for 1 hr, 5-4cetoxy-6-aeetyl-3“acetamidocoum&gin 

obtained on working up as before crystallised from acetic 

acid in colourless needles, m.p. 290°. Yield 1 g.

Analysis t

9.44 ©g. of the substance gave 0.441 c.c. of 

nitrogen at t = 30° and p = 758 mm.

Found : N - 4.95 %*

Ci^H^OgN requires : N = 4.62 %a



3« 5-Dihydroxy-6-acgtylcoumorin 

5-4cetoxy-6-acetyl-3-acetamido co umarin (1 g.) 

in minimum of alcohol -was refluxed with 3N hydrochloric acid 

(25 Rfl-e) for V hr. 3» 5-DIhydroxy-6~ac@tylcoumarin obtained 

on cooling crystallised .' from alcohol in colourless needles, 

m.p. 230°. Yield 0.3 g. It gave green colouration with 

alcoholic ferric chloride solution and was soluble in cold 

sodium hydroxide solution.

Analysis t

7.0V mg. of the- substance gave 15.5V mg. of 

carbon dioxide and 2.28 mg. of water.

Found * C = 60,2V % | H = 3.62 %,

Gi 1H3O5 requires ; G = 60.0V % § H = 3.6V %.

Action of nitrous acid on 3-hydroxvcoumarin?
V- Isonitro so-2.3-diketochroman

4 mixture of 3-hydroxycoumarin (1 g.) in minimum 

quantity of acetic acid and concentrated hydrochloric acid 

(5 ml.) was cooled externally and sodium nitrite solution 

(0.5 g. f 5 ml. water) was added drop wise. Soddum hydrogen 

carbonate solution was then added to neutralise the 

excess of acids 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
10.30 mg. of the substance gave 0.65V c.c. of

nitrogen at t = 33° and p = 758 mm.



Pbund . t N = 7.1 $>•
G9H5O4N requires s H = 7.3 %•

Action of formaldehyde on 3~hydroxyc ou ma r in;
4-.4-*-methylene bis- ( 3-hydroxycoumarin)

3-Hydroxycoumarin (1.62 g. $ 0.01 mole) and 

formalin (40 % solution ) (3 ml. f 0.03 mole) in alcohol 

(25 ml.) were refluxed for 3 hr. The separated product was 

filtered hot and crystallised from alcohol in colourless 
needles, sup. 266°. Yield 0.7 g.

Analysis s
9.62 mg. of the substance gave 23.78 mg. of 

carton dioxide and 2.88 mg. of -water.
Found ; G = 67.40 % $ H = 3.4-5 %;

G19H120g requires 1 C = 67.85 % f H = 3.53 %•

Bromination of 3-hydro xyco umar in s 4~Broao-3- 

hydroxycoumagin

3-E^rdroxycoumarin (1.62 g. § 0.01 mole) was 

dissolved in minimum quantity of acetic acid and bromine- 
(1.6 g. 5 0.01 mole) in acetic acid (16 ml.) was added.

The reaction mixture was stirred for 0.5 hr. The separated 

product crystallised from acetic .acid in colourless needles 
m,p. 210°. Yield 1.5 g.

Analysis s
10.219 ng. of the substance gave 8.016 mg. of 

silver bromide.
Found s Br = 33.15 j£.

C^HtjOjBr requires s Br - 33.02 %.
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This bromdcottiiiarin (0.5 g.) in acetic acid 

(25 nil,} when refluxed with zinc dust (1 g,) for 2 hr. 

gave 3-hydroxycoumarin. Melting point and mixed m.p. was 

153°.
*v

Bromination of 6-bromo- 3-hydroxyco umar In; 4-«6- 

Dibro mo.3-hydro xycoumagin

6-Bro rao-3- hydro xyco lima pin {2.4-1 g, f 0.01 mole) 

was dissolved in minimum quantity of acetic acid, and 

bromine (1.6 g. 5 0.01 mole) in acetic a.cid (16 ml.) was 

added. The reaction mixture ms stirred for 0,5 hr. The 

separated product crystallised from acetic acid in 

colourless needles, m.p.273°. Yield 2 g.

Analysis s

11,2 mg. of the substance gave 13.196 mg. of 

silver bromide.

Found s Br = 50.15 %•

C9H^03Br2 requires s Br = 50.00 %,

When this dibronacoumarin (0.5 g.) was reduced 

in acetic acid (25 ml.) with zinc dust (1 g.) as above »fc" 

gave 6-bromo-3-hydroxycoumarin. Melting point and mixed 

m.p. was 252°. -

Bromination-of 6«8-dibromo-3-hydrogycoitmarin s 

4-, 6,8- Tribro mo-3-hydro xycoumar in

6,8-Dibromo-3»hydroxycoumarin (3.2 g. f 0.01 mole) 

ms dissolved in minimum quantity of acetic acid and bromine 
(1*6 g. | 0,01 mole) in acetic acid (l6 ml.) was added. The



reaction mixture was stirred for 0.5 hr. The separated 

product crystallised from acetic acid in colourless 

needles, m.p. 230°. Yield 3.0 g.

Analysis s

10.32 mg. of the substance gave 14.4-9 mg. of 

silver bromide.

Fbund ? Br = 59.60 %.

C9H303Br3 requires t Br = 60.10 %,

The above tribromocoumarin (0.5 g.) when 

reduced with zinc dust (1 g.) and acetic acid (25 ltd..) 

as before gave 6,8-dibromo-3-hydroxycoumarin. Melting 

point and mixed m.p, was 26l°.

jbdinatlon of 3-hydroxycoumarini 4~S?do-3-. 
hydro xycoumarin

3- I$rdro xycoumar in (1.62 g. $ 0.01 ucle) in 

alcohol- was treated with iodine (l.l6g. j 0.008 mole) 

followed by iodic acid (0.352 g. f 0.002 male ). The 

reaction mixture was stirred for 0.5 hr. The separated 

product crystallised from alcohol in pale yellow needles, 

m.p. 223°(dec.). Yield 0.8 g.

Analysis 5

19.3 mg. of the substance gave 15.58 mg. of 

silver iodide.

Found t I = 4-3.64- %.

C9Hj03I requires : I = 44-.04-

4- £>do-3-hydroxycoumarin (0.5 g.) when reduced 

with zinc dust (1 g.) in acetic acid (25 ml.) by refluxing



for 2 hr. gme 3-hydro jcyeoumarin. Melting point and mixed 

m.'p. was 153°.

The methyl ether
4- Ibdo-3-hydroxycoumarin (1 g.) was refluxed 

with dimethyl sulphate (1.0 niL.) and anhydrous potassium 

carbonate (2 g.) in benzene (100 ml.) for 10 hr. Benzene 

was removed by distillation and the reaction mixture was 
treated with water. The methyl ether which separated 

crystallised from alcohol in yellow needles, n.p. 102°. 
Yield 0,7 g.

Analysis s
14.91 mg. of the substance gave 11.6? mg. of 

silver iodide.

Bound 8 I S 42.30 %. 
cioh7°3i requires % I - 42.38 %9

3.4-Dlmethoxyco.um9.rin
4- lbdo-3-methoxycoumarin (3.02 g. $ 0.01 mole) 

w&S dissolved in minimum quantity of absolute methyl 

alcohol and the solution was treated with sodium (0,23 g.; 
0.01 mole) dissolved in absolute methyl alcohol <2? ml.). 

The reaction mixture was refluxed on a steam bath for 2 hr. 

Acidification and subsequent ether extraction gave the 
3,4-dimethoxycouraarin, m.p. 80°. Arndt and co-workers(29) 

report the same m*p.

Analysis s
7.35 mg. of the." substance gave 16.72 mg. of 

carbon dioxide and 3*02 mg. of water.
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Found ' : C = 64.42 % | H = 4.54 %.

C^H^O* requires s C = 64.08 % | H = 4.85

Friedel-Crafts acetylation of 3-hydroxvcoumarin ? 
4-Acetyl-Vhydroxyco umarin

3-H^droxyeoumarin (1.62 g. f 0.01 mole) was heated 

with acetic anhydride (2 ml. $ 0.02 mole) and anhydrous 

aluminium chloride (2.6 g. f 0.02 mole) on a steam hath for 

3 hr. The reaction mixture was cooled and treated with 

ice and hydrochloric a§id and filtered . The product after 

drying was extracted with hot petroleum ether (60-80°) •

On cooling 3-hydroxycoumarin separated. Concentration of 

mothar'J liquor gave 4-acetyl-3-hydroxycoumarin which 

crystallised from the same solvent in colourless needles, 

m.p. 85°, Yield 0.03 g. It gave green colouration with 

alcoholic ferriccchldride solution.

Analysis s

6.28 mg, of the substance gave-14.12 mg. of 

carbon dioxide and 2.18 mg. of water.

Found t C = 64.84 % $ H = 3.88 &

Ct sHsOu. requires t C = 64.71 % $ H » 3.93 %»

The ■ 2.4-dinitroohenylhydrazpne 

Prepared as usual^gava m«p. 236-38°(dec.)

Analysis %

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 %.

C17H, 107I?4 requires s IT = 11.59 %*
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3-Acetoxycoumarin
Prepared as usual by heating 3-hydroxyeoumarin 

(1,62 g. 5 0.01 mole) with acetic anhydride ( 2 ml. ;
0.02 mole) and pyridine ( 1 ml.) on a steam bath for 3 hr.
It crystallised from benzene in colourless needles, m.p.

0 '105-06 . Yield 1.5 g. It did not give any colouration
with -alcoholic ferric chloride solution.

Analysis :
7.42 mg. of the substance gave 17*62 mg. of 

carbon dioxide and 2.86 mg. of water.
Found : C = 6^.81 % 5 H = *+.30 

CigHgOif requires : G = 6^.10 % 5 H = 3*93

Fries migration of 3-acetoxycoumarin : k—Acetyl-3-

A mixture of 3-acetoxycoumarin (2.0^ g. ; 0.01 mole) 
and anhydrous aluminium chloride (2*6 g. ; 0.02 mole) was 
heated in an oil bath at iM^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 60-80°. On cooling, 3-hydroxycoumarin 

separated. Concentrdion of mother liquor gave ^-acetyl-3- 
hydroxyeoumarin which crystallised from the same solvent in 
colourless needles, m.p.85°. Yield 0.05 g. Mixed m.p. with 

the product obtained from the Friedel-Crafts acetylation of 
3-hydroxyeoumarin was not depressed.

Oxidation of ^—acetyl-3-hydroxycoumarin 
4~Acetyl-3-hydroxyeoumarin (1 g.) was dissolved
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in sodium hydroxide .solution ( 10 % 5 10 ml.) and heated, 
with potassium permanganate (0,5 g.) on a steam bath for
3 hr. The product obtained on acidification gave m.p.156 .
Mixed m.p. with salicyclic acid was not depressed.

Ohioromathy1ation of 3-hydroxycoumarIn
A mixture of 3-hydroxycoumarin (1.62 g. ; 0,01 mole)

in glacial acetic acid (10 ml.) and paraformaldehyde (0.3 g.;
00.01 mole) was treated x/ith dry hydrogen chloride at 100

for 1 hr. On cooling the reaction mixture a crystalline
product separated. It crystallised from alcohol. M.p. and
mixed m.p. with an authentic specimen of 4-,4- -methylene bis-

0(3-hydroxycoumarin) was 266 . Yield 0.5 g«
Porraylation of 3-hydroxycoumarin with„hexamine
3-Hydroxy coumar in (5 g.) .hexamine (10 g.) and

acetic acid (50'inl.) were heated on a sand bath for 10 hr.
Dilute hydrochloric acid (50 ml. : 1:1) was then added and
the whole reaction mixture was heated on a steam bath for
another 5 hr. The reaction mixture was extracted twice with
ether and the product obtained on removal of ether gave 

. 0m.p. > 360 and did not crystallise,, from any solvent.
Formyl at ion of 3,-hydroxy coumar in. with N-methyl 

form anil ids __ and„ phosphorous oxychlo ride
To 3-hydroxycoumarin (3 g.) dissolved in 

chlorobenzene (20 ml.) N-*nethylformanilide (10 ml.) and 
phosphorus oxychloride(5 ml.) were added and the reaction 
mixture was heated on a steam bath for 1 hr. Water was then-

0

added and the reaction mixture was steam distilled to remove
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chlorobenzene. The product obtained gave m.p, 153° and 

was found to be 3-hydroxycoumarin.

Nitration

To an ice-cooled solution of 3 “hydroxycouniarin 
( 1 g.) in acetic acid (7 ml,)? con.nitric acid (2.5 ml.;

d. 1.3 ) was added drop-wise. The reaction mixture was 

stirred for 1 hr. No product separated even on dilution 

of the reaction mixture with, water. 'It was therefore 

extracted with ether. The removal of ether did not give 

any definite product.
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