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HETEROCVCLIC COMPOUNDS. PART XXXI. THE SYNTHESIS OF
PARTIALLY METHYLATED ETHERS OF POLYHYDROXY COUMARINS

By R. D. Desat axp (M1ss) J. V. PARGHI

Partial tosylation of 4-mnethyl-5 :7-dihydroxycoumarin furnished 4-methyl-5-hydrozy-7-conmarioyl-p-
toluenesalphonate which conld b2 methslated to 4-methyl-s-methoxy-7-conmarinyl:f-toluenesul-
phonate. Tts detosylation afiorded 4-methyl-5-methaxy-7-hydroxycoumarin. Partial tosvlation of
A-methyl-7 :8-dihydroxycoumarin -provided 4-methyl-8-hydroxy-7-coumarinyl-p-tiluenesalphonate ; its
methslation and subsequent detesylation vielded 4-niethyl-7-hvdroxy-8-methoxycoumarin, while the
partial methylation of 4-methyl-7 :8-dihydroxyconmarin furnished the isomeric 4-methyi-7-methoxy-8-
hydroxyconmarin. 5-Hydroxy-6-methoxy-4 :7-dimethylcoumarin was prepared by the alkaline persul-
phate oxidation of 5-O-mes¥l derivative of s-hydroxy-4 : 7-dimethvicoumarin, fcllowed by its methylation
and snbsegnent demesylation. 4-Methyl 5 :7-dihydroxy-6-methoxyconmarin was prepared by the
alkalice persulphate oxidation of di-0-mesyl derivative of 4-methyl-s :7-dihydroxycoumarin, its methyla-
tion and sabséquent demesylation.

4-Methyl-s5 : 7-dihydroxycoumarin was partially methylated by Schmidt (Helv.
Chim. Acta, 1047, 30, 1661} as well as by Sawhney and Seshadri (Proc, Ind. Acad, Sci.,
1953, 37TA, 502) with the formation of 4-wethyl-s-hydroxy-7-methoxycoumarin (m.p.
256-57°). We have found that partial tosylation of 4-methyl-5:7-dihydroxycoumarin
furnishes 4-methyl.s-hydroxy-7-coumarinyl p-toluenesulphonate (I) which on methyla-
tion and subsequent detosylation of the methyl ether affords the isomeric 4-methyl-5-
methoxy-7-hydroxycoumarin, m.p. 197°, Velluz and Amiard (Buli. soc. chim., 1948,
1109) obtained 7-methoxy-6-hydroxy-4-methylcoumnarin by the partial methylation of
6:7-dihydrosy-4-methylcoumarin. ‘The synthesis of the isomeric 7-hydroxy-6 methoxy-
_4;111ethylcoumarin or 4-methylscopoletin from 6:7-dihydroxy-4 methylcoutnarin by
partial tosylation, methylation and detosylation has already been described in the
previous paper (this. Journal, 1956, 33, 483).

The partial methylation of 4-methyl-7 : 8-diliydroxycoumarin doss not seem to have
been studied. On pertial methylation with dimethyl sulphate and potassium carbonate in
dry acetone, it aforded g-methyl-7-methoxy-8-hydroxycoumarin (m.p.-x'45°), providing a
vellow non-fluorescent solution in dilute alkali, The isomeric g-methyl-7-hydroxy-8-
methoxyciumario, (m.p. 157°) which gave a biuz fluorescent solution io dilute alkali, was
prepared Dy the parlial tosylation of 4-methyldaphnetin, which yielded 4-methyl-8-
hydroxy-7-coumatinyl-p-toluenesulphonate (IT), followed by its methylation and subse.
quent detosylation. ‘Thus, in the case of dihydroxycoumarins. whenever there is one
hydroxyl-group in 7-position and the ather hydroxyl group in any other position (5, 6 or
8), metpylation and t"'bsy]ation affect preferentially position- 7 only. Our preliminary
experiments on partial inesylation of polyhydroxy coumarins show similarity between
tosylation and mesylation, but these experiments will form the subject of a further
cammunication, :
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Miss Bhavsar and Desai (this Journal, 1954, 81, 141) have prepared s-hydroxy-6.
methoxy-4 : 7-dimethylconmarin (ITI) by the oxidatior of 4 :7-dimethyl-s-coumarinyl-p
toluencsulphonate with alkaline potassium persulphate, its methylation and subsequent
detosylation. We have found that (ITT) can be prepared in ap improved yield by the
oxidation of 4:7-dimethyl-s-coumarinyl-metlianesulphonate ({IV} with alkaline potassium
Persulphate to 4:7 - dimethyl - 6-hydroxy - 5-coumarinyl - methanesulphonate (V), its
gnethylation to 4:7 - dimethyl - 6-methoxy - 5-coumarinyl-methanesulphonate (VI) and
Subsequent demesylation.

Miss Bhavsar and Desai {{oc. cit.) failed to oxidise 4-methyl-5:7-coumarinyl di-p-
toluenesulphonate. This is due to the steric hindrance offered by the bulky tosyl
ETOUDS, as we have mow succeeded in oxidising 4-methyl-5:7 coumarinyl-dimethane-
suiphonate (VII) by alkaline potassiuin persulphate to 4 - methyl-6 - hydroxy - 5 : 7-
conmatinyl-dimethanesulphonate (VIII) which on methylation and subsequent demesyla-
tion furnishes g-methyl.5 : 7-dihydroxy-6-methoxycoumarin (IX).
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Monafosylation of 4-Methyl-5 : 7-diliydroxycoumarin and Formation of
4-Methyl-s5-hydroxy-7-coumarinyl-p-foiuenesulphonate (I)

A mixture of 4-methyl-5:7-dihydroxycoumarin (2 g.}, p-tolucnesulphonyl chloride
(> g.), acetoue (50 c. ¢.) and anhydrous potassium carbonate (§g.) in 4 roudd-"
bottomed flask was refluxed for 12 hours. After remmoval of the acetope, the solid
was treated with 5% NeOH solution. The monotosylated derivative went in solution
while the ditosylated produet remaijned imsoluble. On acidification with HCI (¢ oc.),
monotosyl derivative (1.3 g.) was recovered. It crystallised from alcchol in white
needles, 1n._p. 240‘. It dissolved in alkali with a yellow colour and showed no fluore-
scence. (Found: S, g.1. C;;H,.0.8 requires 8§, 9.2 per cent).

4-Methyi-5-methoxy-7-coumarinyl-p-toluenesulphonate was obtained by refluxing
the mixtuie of (I, 0.5 g.J, anhydrous potessium carbonate {4 g.), dimethyl sulphate (2 g.)
apd anhydrous acetone (50 c. c.} for 12 hours. The residue left after removal of the
acetoue was treated with water. ‘The ipsoluble product crystallised from alcohol in
white plates, m.p. 188°. Its reddisb brown solution in HySO {conc.) showed a gieen
fluorescence, (Found: S, 8.6. C, H,;40,S requires S, 8.8 per cent).

4-Methyl-5-methoxy-7-hydroxycoumarin was prepared by pouring a solution of the
preceding coumarin {0.5 g.) in H,SO; (conc., 10 ¢.c.) in ice-cold water after 12 hours:
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. aud* crystallised from ethyl acetate in white needles, m.p. 197°. Tt dissolved in alkali -
solution with a blue fluorescence. (Found : C, 64.3; H, 4.7. C,,;H,,0, requires C,

64.1; E, 4.9 per cent).

Partial Methylation of 4-Methyl-7 :8-dihydroxycownarin and
Formation of 4-Methyl-7-methoxy-8-hydroxycoumarin

A mixture of g-methyl-7 :8-dihydroxycoumarin {z g.), dimethy! sulphate (1 c.c.},
anhydrous potassium carbonate {3 g.) and acetone {30 c.c.) was refluxed on a water-bath
for 12 hours.: After removal of the acetone, the residjie was treated with 5% NaOH

" solution, Acidificalion of the alkaline solution with concentrated hydrochlori¢ acid gave
a solid which crystallised from alcohol in  white needles, m.p. 145°, depressed to r30° by
admixture with a specimen of 4-methyl-7-hydroxy-8-methoxycoumarin, m.p. 157°,
described liereunder. (Found: C, 63.0; H, 4.7. C,,H,,0, requires C, 64.1; H,
4.9 per cent). It dissolved in alkali solution with a yellow colour and no fluorescence,
while its alcoholic solution developed a green coloration with ferrie chloride.

4-Mcthyl-8-hydroxy-7-countarinyl-p-loluenesulphonate {II) was prepared by reflux-
ing a mixture of 4-methyl-7 : 8-dihydroxycoumarin (2 g.), p-toluenesilphonyl chloride
{2z g.), anhydrous potassium carbomate (3 g.) and acetone for 12 hours, and worked up
as usual, 'The mouotosylated derivatife (1.4 g.) ecrystallised from alcohol in white
needles, m.p. 222%. It dissolved in alkali solution with a yellow colour and no fluores-
¢ence. Its alcoholic sclution developed a green coloration with ferric chloride. (Found:
8, 0.3- C,;H,,08 requires S, g.2 per cent). )

4-Methyl-8-methoxy-7-coumarinyl-p-toluenesulphonale was prepared by heating a
mixture of (II, 1 g.), dimethyl sulphate (5 c.c.), anl_lydrous potassium carbonate (10 g.)
and acetone (75 c.c.) for 24 hours, and worked up as usual. Il crystallised from alcohol
in white needles, m.p, 148°. Its alcoholic solulion showed no coloration with ferric
chloride. (Found 8, 8.6, C,iH,,0,8 requires 8, 8.8 per cent).

4-Methyl-7-hydroxy-8-methoxycoumarin was obtained by pouring a solution of the
precedibg coumarin (0.5 g.) in H,S0, (conc., 10 c.c.) in ice-cold wat.r after 12 hours
and crystallised from alcoho! in white needles, m.p. 157°. It dissolved in alkali solution
with a blue fluorescenca, while its alcoholic solution gave no coloration with ferric
chloride. (Fouud :C, 64.2 ; H, 4 6. C,;Hs0, requires C, 64.1 ; H, 4.9 per cent).

4 : 7-Dimethyl-s-coumarinyl-methanesulphonate (IV) was prepar®d by heating a
mixture of 4:7-dimethyl-s-liydroxycoumarin (3.8 g.), methanesuiphonyl chlcride (2.5 g.),
anhydrous potassium carbonate (1o g.) and acetone (50 ¢.c.) for 12 hours, and worked up
as usual. It ecrystallised from alcohol in white thin needles, :n p. 198°., (Found:
8, 11.8. C1.H,30).5 requires S, 11.9 per cent).

Oxidation of (IV) to 4:7-Dimethyl-6-hydroxy-5-coumarinyl-methanesulphonale
{V).—The+oxidation of the solution of (IV, 2 g.)} in pycidine (50 c.c.) was carried ont
by the gradual addition of the solution of KOH (4 g.) in water {40 c.c.) and potassium
parsulphate !;Lg.) in water (100 c.c.), as described by Miss Bhavsar and Desai (loe ¢il.},
in the case of the.-o.tosyl analogue, The solid {0.4 g.) crystallised from alcohol in white
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needles, n1.p. 205°, and dissolved in alkali solution with a yellow colour and nd flmcre-
scence. (Found: §, 11.2. C,.H,,0.5 requires S, 11.3 per cent}.

4:7-Dimethyl-6-methory-s-coumarinyl-meihanesulphonate (VI) was obtained by
methylation of (V) with dimethyl sulphate in preseace of anhydreus potassium carbonate
oand acetone as usual. It crystallised from alcohol in white ncedles, m. p. 202",
It was insoluble in dilute sodium hydroxide solution. (Found: 8, 10.8. C,,H,0,8
réquires S, 10.7 per cent).

4 :7-Dimethyl-5-hydroxy-6-methoxycoumarin (11T} was obtained by pouring the
solution of (VI, 0.2 g.) in H,S0, fcone., 5 ¢, ¢.) after 12 hours in ice-cold water and
crystallised from ethyl acetate in white plates, m.p. 206°, undepressed by a sample
prepared by Miss Bhavsar and Desai (ioc. cit.).

4-Methyl-5 : 7.coumarinyl-dimelhanesulphongte (VII) was prepared by refluxing a
mixture of 4-methyl-5 : 7-dihydroxycoumarin f1.9 g.}, methanesulphonyl chloride (2.5 g.),
sodium bicarbonate {4 g.) and acetone {75 c.c.) for 6 hours, and purified as usual. It
crystallised [rem alcohol in white needles, m.p. 173°. (Found:S, 18.5. C;.H,;0:5;
requires S, 18.4 per cent).

4-Methyl-6-hydroxy-5 : y-coumarinyl-dimelhanesulphonate (VIII) was prepared by
the oxidation of (VI], 3.5 g.), dissolved in pyridine (50 c.c.}, with a solution of KOH {9g.}
in water {go c.c.) and potassium persulphate (8 g.}in water (200 c.c.). After working
up the solution as usual, the solid (0.5 g.) crystallised from alcohol in white plates,
m.p. 210°. It dissolved im alkali with a deep yellow colour. (Found: S, 17.4.
C..H,20.5,; requires S, 17.5 per cent).

4-Methyl 6-methoxy-5 : 7-coumarinyl-dimethanesulphonate  was obtained by
methylation of (VIII) with dimethyl sulphate in precence of anhydrous potassium carho-
nate and acetome. It crystallised from dilute aicohol in white needles, m.p. 134°
(Found: 8, 16.7. C,,;H,.0,8; requires 8, 16.9 per cent).

a-Methyl-5 : 7-dihydroxy-6-methoxycoumarin (IX) was obtained by pouring a
solution of tlie preceding coumarin (0.3} in H,SO, (conc., 10 c.c.) after 1z hours in ice-
cold water. It crystallised from alcohel in white needles, m.p. 230°. It was soluble in
alkali solulion with a deep yellow colour, and its alcoholic solution gave no coloration
with ferric chloride. (Found:C, 59.2, H, 4.3. C,;»H,;,0, requires C, 59.5; H, 4.5 per
cent),

4-Mebhyl-5:6: 7-irihydroxycoumarin was obtainied by pouring the solution of (VIII,
0.z g.) in H,S0, {(eonc., 5 c.c.} in ice-cold water aftsr 12 hours. It crystallised from
alcohol in white needles, m.p. 277°, undepressed by a sample prepared independently
by Miss Bhavsar and Desai (I»d. J. Phar., 1951, 18, 200}, Parikh and Sethna {this
Journal, 1950, 27, 369) and Sawhney, Seshadri and Thiruvengadain (Proc, I'nd, Acad.
Sci., 1051, 38K, 11).
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