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HETEROCYCLIC COMPOUNDS. PART XXXI. THE SVNTHF~~~~ OF 
PARTIALLY METHYJ~A"I'ED Jt'I'HERS Olo' P!H~VIIYDROXY COUl\IARlNS 

BY R. D. DESAI ANO (Miss) J. V. PARGHI 

Parhal tos!·lation of 4·JDethy1·s •7·dihydrc..x,·coumarin furnishlld 4·Dtethyl-s·hydroliY-?-OOUmariuy1-P
toluenesulphonate which cuuld b= methylated to 4·methyl-!·methoxy·7·Conmoriny!,J;I-tolucnesul· 
phonate. lts detosylation afforded 4·mcthyl-;;-meth~xy-7·hydroxrcoum.arin. Partial tosylation of 
4-methyl-7 :8-dihydroxycoumarin ..provided 4·11Jethyl-8·h~·drox:v-7·coumarinyl-fl-bluenesu1phonate; its 
meth~·latior• and subsequent det<>l'IVIe.tion yielded 4-nrethyl-i·hvdroxy-8-methOO!ycoumarin, while the 
partial nn:thylation of 4-methyl·i :R-dihydroxyconntarin fttrni~hed the isomeric 4-methyl-7•methoxy-fl
bydroxyroumarin. .'i·HYdr.,xy-6-methoxy-4 :7-dhnethylc:<~ulnarin was ptepDred by the alkaline per!'ul
phatl! oxidation <Jf s·O-ml!syl dl!rivative cd s-hydroxy-4 : 7-dimethvlcoumariu, fcllowl!d by its methylation 
and snb•eqnent deml!sylation. 4·Metbyl· 5 : 7·dibydroxy-6-metbo:~~tyc:o11nuarln was prepared by the 
~lklllir.e per sulphate oxidation of di·O-mesyl derivative of 4.-met:hyl-s : 7·dihydro:xyc:mmado, it11 lnethyla· 
tion and sab~l!'qaent demesyJation. 

4-l\!cthyl-5: 7-dihyaroxycournarin was partially methylated by Schmidt (Hel'!l. 
Chim. A eta, 1947, 30, r66r) as well as by Sawhney and Seshadri (Proc. Ind. Aca.d. Sci., 
1953, 37A, 592) with the formation of 4-lllethyl-s-hydroxy·7-metboxycoumarin (m.p. 
:zs6-S7°). We have found that partial tosylation of 4-methyl·s: 7-dihydroxycoumarin 
furnishes 4-metbyl·s-hyc1rox}"·7·Coumarinyl P-toluenesulphonate (I) which on methyla
tion and subsequent detosylation of the methyl ether affords :he isomeric 4-metbyl-s· 
methoxy-7-hydroxycoumarin, m.p. 197". Ve\luz anc1 Amiard (Bull. soc. dzim., 1948, 
nog) obtained 7-methoxy-6-hydroxy-4-methylcou:narin by the partial methylation of 
6: 7-dihydroxY-4·methylc:oumarin. The synthesis of the i5omeric 7-hydroxy-6 methoxy· 
4-methylcoumarin or 4-methylscopoletin from 6 : 7·dihydrOS"Y-4 methylcoumarin by 
partial tosylation, methylation aud detosylation has nlready been desctibed in tfle 
previous paper (this.Journal, 1956, 33, 483). 

The partial methylation of 4-methyl-7: 8-dihydroxycoumario does not seem to have 
been studied. On p!!rtial methylation witl1 dimethyl sulphate and potassium carbonate in 
dry acetone, it afforded 4-m~::thyl-7-JJletl10xy-8·hydroxyconmarin (m.p.-I4S 0

), providing a 
yellow lJOn-ftllorr:sceDt solution in dilute alkali. Tbe isomeric 4-methyl-7-liYdro:xy.S. 
1nethoxyc:mm:nio, (m.p. 157"i which gave a biu:! fluorescent solution in dilute alkali, was 
prepared by the parlial tosylation of 4-methyldaphnetin, which yielded 4-methyl-8-
hydroxy-7-coumatinyl-P· toluenc-sull>llot1al e (II), followed by its methylation and subse. 
quent detosylatiun. 'I'.hus, in the C"a!le of dihydroxycoumarins. whenever there is one 
hydroxyl•grOU[l in 7•position and the other hydroxyl group ill auy other position f5, 6 or 
8), 1~eti.;Jylation and t~sylation affect preferentially position. 7 only. Our prelimiZJary 
experiments on partial mesylation of polyhydroxy coumarins show similarity between 
tosylatiot~ a;,_d mes:t:'lation, but thes~ experiments will form the subject of a further 
cmmnunication, · 
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~Iiss Bhavsar and Desai (this Jourlltll, 1954· 31, I4I) have prepared s-llydrOX)l-6-
methoxy-4 : 7-dimethylconmarin (ITii by the O}Ci<latioc of 4 : 7-dimethyl·s-coumariuyl-f>
toluencsulphonate with alkaline potassium persulphate, its methylation and su~uent 
qetosylation. We have fottud that (III) con be prepared in ap. improved yield 'by the 
oxidation of 4: 7-dimethyl-s-coumatinyl-metl!anesulphonate (IV} with alkaline p')\Qssium 
persulphate to 4: 7 -dimethyl- 6-ltydro'ty- s-cottmarinyl - methanesulphonate lV), its 
.nethylation to 4:7 - dimethyl - 6-methoxy - s-coumariuyl-methanesulphonale (VI) and 
subsequent demesylation. 

:Miss Bhavsar and Desai (lac. cil.) failed to oxidise 4-methyl-5 : 7-coumarinyl di-P
toluenesulj>honate. This is due to the steric hindrance offered by the bulky tosy) 

,groups, as- we have now succeeded iu oxidising 4-melhyl-5:7 couruarin}·l-dimethane~ 
sulphonate (VII) by alkaline potassium persulphate to 4 - methyl-6 - hydroxy- s : 7-
coum3rinyl-dimetl]anesnlphonate (VI II) which on methylation and subsequent demesyla

tion fmnishes 4-methyl-5 : 7-dihydroxy-6-metboxycoumarin (IX). 
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Monofosylation of 4-A.fctl1yl-.'i: 7-dihydro~·ycoumarin and l;onnatio11 of 
4-Metlzyl-s-Trydroxy-7-coumarinyl-p-toiuenesulphtJnale (I) 

A mixture of 1-methyl-5:7-dihydroxycoumarin b g.}. P-toluenesulphonyl chloride 
(:;> g.), acetone (so c. c.) and anhydrous potassium carbonate (6 g.) _in A rou.n·d--· 

bottomed flask was refiuxed for 12 hours. After removal of the acetoJJe, the solid 
was treated with s% Ne.OH solution. The monotosylated derivative went in solutioa 
while the ditosylated product remainell insoluble~ Ou acidification with HCI (c nc.l, 
monotosyi derivative (I.3 g.) was recovered. It crystall-ised from alcohol in white 
needles, m.p. 240 6 . It dissolved in alkali with a yellow colour aud showed no fl.uor~
scence. (Found: S, g,I. C"H,.OaS rt!quires S, g.:z per c4;.nt). 

4-Methyi-s-methoxy-;-couma'l'i'llyl-p-loluenesulphcmate was obtained by refiuxing 
the mix.tua· of U, o.s g.;, anhydrous potassium carbonate (4 g.), diu:i~thylsulphate (2g.) 
and anhydrous acetone (5o c. c.j for 12 hours. The residue left after removal of the 
acetoue was treated with water. '!'he insoluble product crystallised from .alcohol in 
white plates, m.p. 188°. Its I"eddisb brow::t solution in H.aSO (cone.) showed a gtef11, 
fluorescence. (I•'ound: S, 8.6. C 11H 160,S requires S, 8.8 per cent). 

4-Mefh::yl-·s-metlwxy-7-hydroxycoumarin was p['epared b:r pouring a ·solution of the 
preceding coumarin (o.s g.} in H,so~ (cqnc., IO c.c.) in icP.~cold \VIl.teJ; after u hourS.. 
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:u1<l" ·crystallised f!·orn ethyl acetate i~ white needles, m. p. 197°. rt dissolved iu alkali 
solution with ~ blue fluores1.-euce. (F'ound : C, 64.3 ; H, 4-7· C11Hu0~ requires c, 
64. I ; ij;, 4·9 pj;!1· ceu t). 

PartiallUelhyla.Hon oj 4-Metl~)•l-7 :8-dihydToxycoumarin and 
Formation. of 4-M ct11)'1-7-me f11oxy-8-frydroxycoumari11 

A mixture of· 4-methyl-7 :8-dihydroxycoumariu (2 g.), dimethyl sulphate (x c.c.}~ 
anhydrous potassium carbonate f3 g.) and acetone (JO c.c.) was reftuxed on a water-bath 
for 12 hours.· After removal 'of the acetone, the resi~e was treated with s% NaOH 

· solution. Ac:idificalion of the alkaline solution with couccntrated hydrochlodt.acid gave 
a solid which crystallised from ali::ohol iu white 11eedles, m.p. 145", depressed to 130" by· 
admixture with a !iopecimeu of 4-metbyl-7-hydroxy-8-methoxycoumarin, m.p. 157'', 
described hereunder. (Found: C, 64 .o ; H, 4-7· C11 H 100. requires C, 64,.1; H, 
4.9pcr ceut). It dissolved in alkali solution with a yellow colour and no fluorescence, 
1\"lllle its alcoholic solution developed a green coloration \Vith ferric chlorid"e. 

1-:llcthyl-S-hyd roxy-7-coumarinyl-p-toluenesulphonale (II} was prepar-ed by reftux
iug a niixture of 4-methyl-7 : 8-dihy.droxycoumariu C2 g.), p-toluenestilphonyl chloride 
(2 g.), anhydrons potassinm carboaate (3 g.) and acetone for 12 hours, and worked up 
as usual. The monotosylated derivati"e (I.4 g.) crystallised from al.cobol in white 
needles, m.p. 222°- It dissolved in alkali solntiou with a yellow colour and no fluor~s
cence. Its alcoholic solution developed a green coloration with ferric chloride. (Found: 
S, 9·.3· C,.H .. O,.S requires S, g.2 per cent). 

4-Jleth)•l-S-methox:y-7-Coumarinyl-p-toluenesulf?lzonate was prepared by beating a 
mixture of (II, 1 g.J, dimethyl sulphate (s c.c.l, ani1ydrotts potassium carbonate (ro g.) 
and acetone (-;s c.c.) for 24 hour.;;, and worked up as usual. Il crystallised from alcohol 
in white needles, m.p. q8". Its alcoholic solution showed no coloration with ferric 
chloride. (Found !S, 8.6. C 18H,.O.S requires S, 8.8 per cent). 

4-Mgthyl-7-flydro.xy-8-methoxycoumarin was obtained by pouring a solution of the 
prec-ediilg coumarin {o.s g.) in H 3SO. (cone., ro c.c.) in ice-cold wat.r after 12 hours 
and crystallised fro:n alcohol in white needles, tn.p. 157". It dissolved in alkali solution 
with a blue fluorescence, while its alcoholic solution gave .no coloration with ferric 
chloride. (Found : C, 64--2 ; H, 4 6. C11HloO. requires C, 64.1 ; H, 4-9 rer cent). 

4: 7-Dimethyl-s-coumarinyl-rnetllallesulPiwnate (IVJ was prepar~d by heating a 
mixture of 4:7:dimethyl-s-hydroxycoumarin (3.8 g.), methanesulphonyl chlcride (2.5 g.), 
anhydrous potassium carbonate: (to g.) and a..:etone (so c.c.) for 12 hours, and work~d up 
as usual. It crystallised from alco11ol iu white thin needles, m p. 198°. (Found: 
S, 1 r.S. CuHuO,S reqnires S, 1 1.9 per cent). 

Oxida-tion of (IV) to 4: 7-Dimethy.l-6-hydm.l:y·s-coumarinyl-metllanesulpholllde 
(V).-'J'he•oxidation o£ the solution of {IV, 2.g.) iu pyridine (so c.e.) was carried out 
by the gra.dual addition of the soltttion of KOH (4 g.) iu water (4o c.c.) and potassium 
parsulphate l.j. g.) ill water (lOo c.c.), as des~:"ribed by Miss Bhavsar and Desai (loc cit.), 
in the case _of the. -0 -tosyl analogue. The solid (o-4 g·.) crystallised from alcohol in white 
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needles, m.p. 205°, and dissolved in alkali solutiou with a yellow colour and nil fbJ.ore.. 
sceuce. (Found: S, n.:z. C12H,.o.s requires S, II.3 per cent}. 

4: 7-Dimetlzyl-6-metlzo-'y-s-coum.aTi,~yl-motluuzesulj>hon.ats (VI) was obtained by 
methylation of (V) with dimethyl sulphate in presence of enhydrG-us potassium carbonate 
and acetone as usual. It crystallised from alcohol in white needles, m. p. :zo:z 0

• 

4t was insoluble in dilnte sodium hydrox-ide solution. (Fonnd : S, Jo.B. CuHHOeS 
requires S, xo.7 per cent). 

4: 7-Dimethy!-5-hydToxy-6-me!lzox:o,•coumarin (III) was obtained by pouring the 
soiution of (VI, 0.2 g.) in H,S04 fconc., 5 c. c.) after 12 hours in ice-cold water and 
crystallised from ethyl acetate in white plates, tn.p. 2o6", undep1·essed by a sample 
prepared by .Miss Bhavsar and Desai (ioc. cit.). 

4-JI.fethyl-5: 7-coumarin;)•l-dimethanesulplzonate (VII} was prepared by refluxing a 
mb.:ture of 4-methyl-5: 7-dihydroxycoumarin (x.g g.), methanesulphonyl chloride (2.5 g.), 
sodinm bicarbonate (4 g.} and acetone (75 c.c.) for 6 hours, :llld pu:·ified as usual. It 
crystallised frGm alcohol in white needles, m.p. 173°. (Found: S, rS.s. C12H 130 1S. 
require'> S, 18.4 per cent). 

4-Metlzyl-6-lzydroxy-5: 'j-coumari.nyl-dimdlzanesulplzonate (VIII) was prepared by 
the oxidatio11 of (VII, 3.5 g.), dissolved in pyridine (so c.c.), with a ~'Jlution of KOH {9g.i 
in water (go c.c.) and potassium persutpbate (!S,g.)in' water (:zoo c.c.). After working 
up the solution as usual, the solid (o.s g.} crystallised from alcohol in white plates, 
m.p. 2I0°. It dissolved in alkali with a deep yellow colour. (Found: S, I7-4· 

CuH120oS3 requires S, I7-5 per cent). 
4-Methyl-6-me!hoxy-5: 7-coumarinyl-dimeihan.esulphona-te was obtained by 

methylation of (VIII) with dimethyl sulphate in pre\:ence of anhydt"ous potassium carbo
nate and acetone. It crystallised from dilute alcohol in while needles, m.p. IJ4°. 
lFound: S, r6.7. c .. H .. O,S2 requires S, 16.9 per cent). 

4-Met-1~:~·1-5 : i-dil1y4roxy-6-methoxyco'Ulnarin (IX) was obtained by pouring a· 
solution of the prece-ding coumarin (o.J) in H 2S04 (cone., ro c.c.) after 12 hours in ice
cold water. It crystallised from alcohol in white needles, m.p. 230°. It was soluble in 
a1kali solution with a ueep yellow colour, and its a:Coholic solutiou gave no coloration 
with ferric chloride. (Found :C, i;g.2, H, 4·3· C1>H1oO~ requires C, 59:5 i H. 4-5 per 
cent), 

4-11-f e~hyl-s :6: 7-trihydroxycoumarin. was obtained by pouring the solution of (VIII, 
0.2 g.; iu H,so. (ll!onc., 5 c.c.J in ice-cold water aft!!r 12 hours. It crystallised .£1-oru 

alcohol in white needles, m.p. 277°, undepressed by a sample prepared iudependently 
by !lliss Bhavsar and Desai (Ind. ]. PilaT., rgsr, 18, :zoo), Parikh and Sethna (this 
]~urnal, 1950, 27, 369) and Sawhney, Seshadri and Thi(nvengadam (Proc. Ina. A cad. 
Sci., xgsr, 33A, II). 
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