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STUDIES IN ELBS PERSULPHA'fE OXIDATION. PART I. 
OXIDATION OF SOME COUMARIN DERIVA1"1VES 

BY R. J. PARIKH AND SORI!SH SI!THNA 

4-:\fethykoarnurio, 7-methoxy-4-methylcoamarin, .'i·hletboxy-<1: 7-dlmetbyleaamarin, s: 7-dime
thD"II"Y-4-methylcoumarin and 7: 8-dimethoxy-4-D1ethylcoumarin have been oxidised wifb potassium 
persalpbate in alkaline solutinn and the corre~ponding 6-hydroxvcono1nrin derivalivu are obtained 
m good yields. The D1ethyl ethers hne bee"n demethylated and the hitherto unknown s: 6-dihydr
oxy-4 : ;-:iimethrl-, 5: 6: ;-t:dhydroxy-4-111e lhyl-, anci 6: i: 8-trihydnxy-~-methylcoumarins have been 
obtain~d. "fhe completely meth~·]ated l"c>umarins are diMsolved by opening oat the .,_p)'rone ring by 
\\"arnling on n steam-bath and tbt"n o:ll:idi~ed \dth potassinn1 persalphate. In actual practice therefore 

it is the o-h~·droxydnnamic: add derivative which is oxidised in each cnse, the coumarin ring being 
formed again when the reaction mixture is acidified. 

Elbs (}. prakt. Chem., J8gJ, 48, 179) oxidised o-nitrophenol to nitroquinol by 
the action of ammonium persulphale in pre~;ence of alkali. Later, potassium persul
phate was substituted for ammonium persulphate and the reaction extensled to otber 
substituted phenols (D.R.P., 8t,o68; 81,297; 8t,ag8. Cbemi~che Fabrik Auf Aklien
vorm. E. Schering. See Friedlander, .. Fortschritte der 'feerfarben Fabrikation", 
1894·I897, Part IV, pp. u6, I27 and I.ZI reS)>ectively). 

This reaction has been successfully applied by a number of wotkers to various 
derivatives of phenols like aldehydes, ketones and acids (Neubauer and Flatow, Z. 
phys1ol. CJ,em., 1gu7, 52, 375; Bargelliui and Aureli, Atti. R. A,;cad. Lincei, zgir, 20, 
uS; BargeHini, Gazzetta, zgrs, 45, go ; Hodgson and Beard, f. Cl1em. Soc., 1ga7. 
2339; Baker and co-workers, ibid., 1938, 1602; 1939, 959, 1922; 1941, 667, 66g i and 
others). Baker and Brown (]. Chem. Soc... 1948, 2303) have worked out the general 
reaction conditious and have also suggested a nJechanism for this reaction. Seshadri 
and his co-workers (Proc. Ind . .tlcad. Sci., 19-17, 251, 417, 427, 432,444 st seq.) have 
iu recent years successfully applied Ibis method extensively to the Oavones and synthe· 
sised a large number of natural flavones. The oxidation in all these cases is found 
to take place in the pa,ra position to tbe hydroxyl group if that position is free, and 
in tbe ortho position, if the para position is occupied. In the latter case the yields 
are very poor. 

As a part of the systen1atic study of the reactivity of coumarin derivatives, whic:h 
is being actively pursued in these laboratories, it was thought of interest to study system
atically the application of this reaction to coumarin derivatives. 

Only a few coumarins have been previousl]' subjected to tl1is reaction. Bargellini 
and Monti (Gazzetta, 1915, 15, go) oxidised coun1arin and 7-weU1oxycoumarin. Wessely 
and Demmer ·(Be·'·• 1929, 62, 120) oxidised 7: 8-dimethoxycoumprin and 7-methoxy-
8-ethoxycoumarin, and Mauthner 1]. ;iJf'akt. Chen~., 19390 152, 23) oxidised 8-methoxy
coumarin. In all the cases 6-bydroxyc-oumarin clerivatives were obtained. The reaction 
hil.s now been applied to a number of coumarin derivatives. Preliminary investigatimiS 
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carried out with hydroxycoumarins showed that generally pasty uncrystallisable 
products were obtained and wherever a definite product could be isolated, the yield of 
the oxidation product was very poor. As the oxidation is carried out in alkaline n1edium 
the ex-pyrone ring is likely to open out a:r..d the additional hydroxy group, so formed, 
may not oDiy help general oxidation, but it Il"lay also lead to a mixture t~f different 
products in oxidation. In view of this it was decided to :first stL1dy the oxidation of 
completely methylated coumarin derivatives. 

4-Methylcoumarin, 7-methoxy-4-methylcoumarin, s-methoxy-4:7-dimethylcoumarin, 
s:7-dimethoxy-4-methylcoumarin and 7:8-dimethoxy-4-mcthylcoumarin have been 
oxidised, the oxidation being carried out in all cases according to the get1eral reaction 
method given by Baker and Drown (/oc.cit.). 

4-Methylcoumarin on oxidation gave the known 6-hydroxy-4-meLhylcoumarin Bli 

shown by direct comparison with an authentic specimen prepared by the PechmaDn 
method. 7-J.\!ethoxy-4-metbylcoumarin gave 6-hydroxy-7-methoxy-4-methylcoumarin 
which on demethylalion with hydriodic acid gave the known 6 :7-dihydroxy-4-methyl
coumarin which was also obtained in a very poor yield by the oxidation of 7-hydroxy-4-
methylconmarin. That tl1e oxidation has taken place in the 6 position is shown by the 
fact that the dihydroxy compound obtained on demethylation bas m-p. 275°, identical 
with the knotvn 6: 7-dihydroxy-4-methylcoumarin (Appel, ]. Chem.. Soc., 1935, IOJI). 
The isomeric 7:8-dihydroxy-4-methylcoumarin has m.p. 235" (Pechma:nn and Duisberg, 
Be~ .• x883, 16, 2122); Bargellini and Martegiani (Gazzetta, Igii, 4:1, 612) obtained 
on methylation of 6:7-dihydroxy-4-methylcoumarin, the dimethyl ether (m.p. I3o-34"l 
and a monomethyl ether (m.p. 173-75") to which lhe constitution was not assigned. 
:As 6-hydroxy-7·1Dethoxy-4-methylcoumarin obtained in this work has m.p. 209", the 
mouometbyl ether of Bargellini and Martegiani is very likely 6-methoxy-7-hydroxy-
4-metbylcoumarin. ·Baker and Evans (]. ChenL. Soc., IgJB. 374). however, give m.p. 
213" for this compound. 5-Methoxy-4:7-dimethykoumarin, 7:8-dimethoxy-4-methyl
coumarin and 5=7-dimetho:a:y-4-methylcotu:narin on oxidation gave products to which the 
structures of s-methoxy-6-hydroxy-4 : 7-dimethylcoumarin, 7 : 8-dimetboxy-6-bydro:a:y-
4-methylcoumarin and 5=7-dimethoxy-6-hydroxy-4-methylconmarin respectively have been 
assigned by analogy with the previous work. All these coumariu derivatives are found 
to give a deep yellow solution with caustic alkalis as gh·e:n by the known 6-hydroxy
coumarin derivatives. The methoxycoumarins have been demethylated with hydriodic 
acid and the hitherto unknown 5:6-dihydroxy-4: 7-tlimethyl-, 6: 7: 8-trihydroxy-4·metbyl·, 
and 5:6:7-trihydroxy-4·1Dethyl-coumari:ns have been obtained. In the case of 5-hydroxy
coumarins the hydroxy compounds were again methylated and compared . with tbe 
completely methylated coumarins and were found to be the same. Thi.s was done in 
order to :find out if the ring had opened out and closed again in the other dir~ction,. 
as it sometin1es hap.pens in the case of ftsvones. 

The completely methylate~ coumari:ns are :naturally uqt soluble in cold alkali aDd 
tl!e reaction does npt pr~eed when they are merely suspended in alkali. I~ has _been fo~nd 
t~al if the .m.ethoxycoum.arins are warmed op a st~am-bath with 10% alkali for some: 
time, they go into soluti011, presumably because the ex-pyrone ring ope!IS out and~
Q-hydr~:Q"cipn~mic acicl d_erivalive is fQnn~d. ',['he position para to. the hydroxy group 
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lormed by the opening of the ring is the 6 position in the original coumarin and there
fore oxidation takes plat.:e in this position. In actual practice therefore, it ·is the 
o-hydroxycinnarnic acid derivative which is oxidised, the coumarin ring being formed 
again when the reaction mixture is acidified. The successful oxidation of the coumarin 
derivatives therefore depends on this technique of opening out the cx.-pyroue ring of 
the methoxycoumariu derivatives. The following table gives the yields of the oxid
ation products. 

TABLK I 

Starting material 
recovered. 

Yield of the osidation prod11.cL 
· % of the theoretical 

on the basis of the allowing for 
blarting mate:rial. fhe recovery. 

I. 4-Methyl- 25% 41-7 45-4 

z. 7-Mcthm&Y·-I·nlt thy 1- JI.3 17·3 25-2 

3· s-Metho:~~y-4 :7-diou:tbyl-, 12.1 40 53·9 

4· s :7·Dim~:lhoxy-4-n1tthyl- 25 24·7 33.6 

S• 7 :8-nioJethoxy-4-methyl- 20-5 25·4 32 

The work is being extended to the synthesis of several unkDown · and natural 
coumarins. 

ExPERIMitNTAL 

Oxid11tio-n o/4·Metllylcoumt~rin : 6-Hyd10X:V·4-melhylcoumarin.-4-Methylcoumarin 
(2.4 g.), prepared according to Wl1odrull 11 (0rgauic Synthesis", Vol. 24, p. 6gJ was dissolved 
in sodium hydroxide f3 g. in 30 c.c. water) by heating on a steam-bath. The solution 
was theu cooled and potassium persulphate (4.5 g. in Ioo c.c.) was added gradually 
from a separaliD& fnDnel duriDg 3 boLus. The solution was mechanically stirred 
and the temperature was 11ot allow~d tu rise above 10°. After the :.~.ddition was 
complete the reaction u1ixture \Vas stirred for half an hour more and left overnight. Next 
day it was jusl acidified with concentrated bydrochloric acid when so:me proCluct. {o.4 g.) 
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separated which was found to be the original cou111arin. The fillrate was c:s.tracted 
with ether wheu a furtl1er quantity (o.:z g.) of the original coumarin was obtained. 
To the aqueous layer more hydrochloric acid (cone., so c.c.) was added and the sol11tion 
heated on ll steam-bath for 40 minutes. The solution was cooled and the product 
which separated out was filtered and crystallised from rectified spirit in plates (0.9 g.), 
o1.p. 242°. ltlixed m.p. with an authentic specimen of 6-hydroxy-4-tnetllylcoumario, 
prepared by the Pechmann method from quinol (Borsche, Bcr., 1907, 10, .2732), was not 
depressed. Tl1e filtrate was extracted with ether and the ethereal layer gave a further 
quantity (o.:z g.) of the oxidiscd product. Tl.e oxidation product dissolved in sodium 
hydroxide to give a deep yellow solution. 

Oxidation of 7-Metlloxy-4-methy/coumarin : 6-Hydroxy·7-methoxy·4·Wethyl-
coumariii.-7·Hydroxy·4·methylcouularin (Peclunano and Duisberg, Ber., t8BJ, 16, 
2122) was methylated according to Limaye and Bhide (Rasayanam, 1938, 138). 
7-l\Iethoxy·4·metbylcoumarin (6.4 g.) was dissolved in sodium hydroxide (7 g. in 70 c.c. 
of water) by heating on a steam-bath and oxidiscd with potassium persulphate (g.g g. in 
200 c.c. of water). 'The reaction mixture was worked up as before. 'fhe product (2 g.) 
which came down C'D just acidifying the solution was found to be the original coumarin. 
The product which was obtaine·l after heating with excess of hydrochloric a~id (cone., 
ISO c.c.) was crystallised from dilute alcohol in needles (r.:z g.), m.p. 2o8-209"· (Found. 
C. 64.3; H, 4·7· C,.HnO• requires C, 64.1; H, 4-9 per cent). '!'he substance dissolves 
in sodium hydroxide to give a deep yellow solution. 

6:7-Dimethoxy·4·methylcouwarin.-TI1e above coumarin (o.s g.) was dissolved in 
dry acetone (so c.c.) and reflnxed for 20 hours with methyl iodide (3 c.c.) and anhydrous 
potassium carbonate (I g.j. The reaction mixture was then :filtered and the product 
obtained ou removal of acetone was crystallised from very dilute alcohol in needles 
(o.J g.), m.p. IJJ·34". tFouod: C, 6s.s; H, s.o. Calc. for C 12HnO.: C, 6s-s; H, S-5 
per cent). Bargelliui and Martegiani (loc. cit.) give m.p IJ0·34". 

6: 7-Dihydrox:v-4·methylcoumari'fl. -6-Hydroxy·7·methOXY·4·methylcoumario (o.s g.) 
was heated with acetic anl1ydride (s c.c.) and hydriodic acid (d 1.7, s c.c.) in an oil-bath 
at I3o"-14o" for 2 hours and the reaction mixture poured in cold sodium bisulphite 
solution. 'l'he product obtained was crystallised from rectified spirit iu needles (o.J g.), 
m.p. 275". (.Found: C, 62.4; H, 4.2. Calc. for C1oHaO.: C, 62.5; II, oJ.I per cent). 
Appel (loc. cit.) gives the same m.p. Bargcllini and Martegiani (loc. cit.) give m.p. 
26g". The product dissolves in sodiu111 hydroxide to give an orange solution and it 
gives a green colour with alcoholic ferric chloride. T.his coumarin was also obtained 
in a very poor yield by the oxidation of 7-hydroxy-4-methylcoumarin (4.4 g.) in sodium 
hydroxide (5 g. in so c.c. of water) soluLion with potassium persulphale (7 g. in ISO c.c. 
of water) and working up the reaction mixture as usual. 

Oxidation of s-Metlto:r;y-4:7-dimetlzyicoumarin : 6-Hydf'OXY·S metllOX:J1·4=7-dimethyl
coumnf'in.-s·Hydroxy-4:7-dimethylcoumarju (Peclnnann and Cohen, Ber., 1884, 17, 
2187) (6 g.) was methylated in acetone solution with methyl iodide (Io c.c.) in presence 
of potassium carbonate as usual by refJ.uxing for :zo hours, m,p. 147". yield s:a ·g. 
Collie and ChrystaU (]. Cltem. Soc., 1907, 91 I8os) give m.p. 146"'. 
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s-Methoxy-4:7·dimclhylcoumarin Cs g.) was dissolved in sodium hydroxide (5 g. in 
sol'·"· of. water) solution by warming on a steam-bath and oxidised as before with 
potassium [Jersulphate (7.4 g. in x6o c.c. of water). On working up the reaction mixture 
the product, wltich came down on just acidification of the mixturf', was found to be the 
starting material (0,7 g.). The produd obtained on heating with excess of 
hydrochloric acid (cone., 150 c.c.) was c.rystallised from rectified spirit in tiny needles 
(2.s g.J, m.p. 175"· (Found: C, 6s.o; H. 5-5· Cl2Ha0d requires C, 65 Si H, s-s per 
cent). It dissolves in alkali to give a deep yellow solution. 

s:6-DimethoXJ.'·4=7-dimetllylcoumaTin.-'l'he above coumarin (o.s g.) was dissolv~d 

in acetone aud refl.uxcd for 24 hours with methyl iodide (J c.c.) and anbydrous potassium 
carbonate (2 g.). The product obtained on working up the reaction mixture as before 
was crystallised from methyl alcohol in plates (O.J g.:, m.p. 96~. (Found: C, 66.5; H, 
s.8. CuHuO• re-quires C, 66.7; H, 6.o per cent). 

5:6-Dill yd roxy-4: 7-di methyl couma,.in. -6-Hydroxy-s-met hoxy-4: 7·d i methylcou marin 
(o.6 g.J was dissolved in acetic anhydride (5 c.c.) and hydriodic acid (d 1.7, s c.c.) was 
added. The reaction mixture was hfoated in an oil-bath between 135" and I40° for 2 hours. 
The product, obtaiucd on pouring the reaction m1x.ture iu sodium bisulphite solution, 
was rrystallised from rectified spirit in tiny needles (0.4 g.), m.p. Z6o 0

• (Found: C, 
63.8; H, 4·4· C 11 H 100 4 requires C, 64.1; H, 4.gper cent). It gives a deep red solution 
with alkali and a brownish coloration with alcoholic ferric chloride. 'fhis hydroxy. 
coumarin was methylated again by the methyl iodide-potassium carbonate method when 
s:6-dimethoxy-4:7·dimethylcoumarin was obtained, as seen by direct comparison. 

Oxidation of 5=7-Dimetl&oxy-4-methylcorunarin: 6-Hydrox:y-s=i·dimellloxy-4·1Hetlzyl 
coumarin.- s:7-Dihydroxy-4-methylcoumarin fPechmann and Cohen, loc. cit.) was 
methy:ated \\'ith dimethyl sulphate and alkali (Head and Robertson, ]. Cherr.. Soc., 
1931, 1258). The dimethoxycoumarin (xo g.) was dissolved in sodium hydroxide (g g. 
in go c.c. of water) by beating on a steam-bath and oxidised with potassium persulphate 
(13 g·. in 200 c.c. of water) as before. The product (z.s g.) which came down on just 
acidification wa!'> found to be the starting material. The product, obtained on heating 
with excess of bydrocbloric acid (cone .• ::~ooc.c.), was crystallised from dilute alcohol in 
square plates (2.65 g.), m.p. 195°. (Found: C, 61.3; H, s.o. CuHuO~ requires C, 61.0; 
H, 5.1 per ce1:1t). it dissolves in alkali to give a deep yellow solution. 

s:6:j'·TTimeLlzoxy-4-metlzylcoumarin was prepared from the above coumarin 
(o.B g.), methyltodide (s c.c.) aod anhydr.Jus potassinm carbonate (r.s g.) as usual aud 
was crystallised from dilute alcohol in thin plates (o.6 g.), tn.p. 115 I6°. (Pound: C, 
62.5; H, S-3· C13H 1~0• requires C, 62.4; H, s.6 per ceat). 

s:6;j'-Trihydroxy·4·mellzylcou.marin.- 6-Hydroxy-s:7-dimethoxy-4-methylcouutarin 
(o.s g.) was heated with acetic anhydride (s c.c.) aud hydriodic add (d 1.7, 4 c.c.) 
at I35"-14o" for 3 hours. The product, obtained on pouring I he reactioa mixture in 
sodium bisulpllite solution, was crystallised from rectified ~pirit ia needles (o.s g.), ru.p. 
278". (Found : C, Si'·S; H, 3·9· C.aHaO• requires C, 57.6; H, J-8 per ceatJ. It 
dissolves in alkali to give a browu solution with intense greeD fluorescence aud gives a 
violet colour with alcoholic ferric chloride. 
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This hydroxycoumarin was metbylalcll again by the mcth}l iodide-pet.assium 
carbonate ntethod when s:6:7-trimethoxy-4-tnethylcoumarin was obtaine4, as seen by 
direct comparison. 

O:i£idation of 7:S-Dimethoxy·4·metl•ylcovma•i,~: 6-Hydrox:J'-7:8-dimelhoxy·4-mttl•;yl
covmarin;-7:8-Dihydroxy-4-methylcoumarin CPechnumn and Duisberg, loc. cit.) was 
methylated by the methyl iodide-potassinm carbonate method and the dimethyl ether, 
m.p. 1.35", was obtained. Sakai and Chotar {]. Pharm. Soc. JaPan, 1935, as. 6j)t; 
Chem. Abs., 1935, 29, 7311) give m.p. 132". 

The dimetltoxycomnarin (4.4 g.) was dissolved in sodium hydroxide (4.0 g. in 40 
c.c. of water) by warming and oxidiscd as before with potassium persulpbale (5.9 g. in 
125 c.c. of water). On working up the reaction mixture as before o.g g. of the original 
product was recovE:rcd. The oxidation product obtained was crystallised from alcohol 
in needles (I.2 g.), m.p. 179"· (Found: C, 6o.g; H, 4.6. CuHuOa requires C, 61.0; H, 
s.r per cent). It ilissolvcs in alkali to give a deep yellow solution. 

6:7:8-7'rinu:l11oxy-4-mclhylcoumarin.-The above coumarin (o.s g.) was ruetbylated 
with methyl iodide fs c.c.) and potassium carbonate (I g.) in acetone solution as usual 
and the product obtained was crystallised from dilute alcohol in square platt:S (o.Js g.), 
nJ.p. IIJ 0

• (Found: c, 6I.8; H, 5-2. cl.HHO~ requires c, 62-4 j H, s.6 per cent). 
6:7:8-Trillydroxy-4-motl~ylcoumarin.- 6-Hydroxy-7:8-dimethoxy•4-methylcoumario 

(o.7 g.) was heated with acetic anl1ydride (s c.c.) and bydriodic (d 1.7, s c.c.) in an 
oil-bath at 1 35°-140" for 2 hours The product obtained on working up as usual wao;; 
crystallised from rectified spirit in needles (o.s g.), m.p. 274·76". (Found: C, 53·3i 

H, 4·3· C10Ha01 , 1 HaO •·equires C, 53.I; H, 4·4 per centj. It dissolves in alkali to 
give a deep orange solution and gives a deep blue coloration with alcoholic ferric chloride. 

'.fhe thanks of the authors are due to Dr. R.C. Shah for his kind interest in the 
work. 
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