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Kobustic acid, a ccmpaurd isolated frwn the roots of Derris xobusta -- 

was first investigated by Ha.qerl and then by Seshadri. 233 The formula 

C20H2206 was assigned to it, and it was shown to contain two methoxyl 

groups and one hydroxyl VP. It was stated to be stable to aqueous 

and alcoholic base and to yield n-hydroxybenzoic acid on oxidation with 

alkaline hydrogen peroxide. 

The molecular weight of robustic acid, m.p. 208-210°, readilv 

obtainable firm ~XI Indian varietv of D.robusta, was precisely determined 

as being 380.1259. This confirms the formula C22H2006 (380.1258). 

4nalvsis for C-Ne showed 0.80 C-Me pups. The oxidation with alkaline 

hydrogen p-oxide was repeated but did not give r-hytixybenzoic acid, 

instead p-methoxybenzoic acid was obtained. 

1,. . a.r%tnp?r, ,J.Chen.Soc., lal (194P). 
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1268 The structure of robustic acid No.20 

All lwenty hydrogen atans were defined in the N.M.R. spectnm~ 

‘Itso methoxyl group; shrxed at T 6.18 (3H) and T 6.04 (3H) and one 

hydroxyl group was identified at T - 0.05. A 2,24imethylchrxnens 

ring system was kacterised by a singlet at T 8.52 (6H) and two 

doublets, one centred at I 4.23 (III) the other at T 3.48 (lHI) 

J = 10.1 c/s. There were five aromatic hydrogens, four in two 

doublets centred at T 3.05 (2H) and T 2.51 (2H), the other hydrogen 

atan producing a singlet at t 3.31. The Partial formula (I) may be 

written, suggesting that the molecule is basically a Cl5 compound 

plus ore C5 unit and twomethoxylcarbons. 

The ultxeviolet spechrm shawed x_. 233 mu (4.265) 255 mu (4.291, 

264 rnp (i) (4.301, 342.5 rnv (4.271, which on treatment with scdiun 

acetate moved to X_. 250 mu (4.38), 279 mu (4.26) and 334 mu (4.12). 

With a.hnninium chloride there was little &ange in the long wave-band 

abso@icn, showing that the hydroxyl is not chelated with a txrbonyl 

VP* 



No.20 The structure of robustic acid 1269 

The infrared snectrwn (nujcl) shmd a carbonyl-stretching frequency 

at 1708 cm. 
-1 , well above that for the known typs of flavonoid. In 

the spectrum of the sodium salt this band had vanished, a new band at 

1535 cm.-' apnearinp. The mupinn K+(C=CHX- was therefore present. 

:t 4-hvdroxy-3-uhenvlcomarin was identified in twc w.a>s. 

(i.1 Pmlonced h!&olysis of robustic acid with 10% aqueous scdim 

hydroxide in a slew stream of nitmeen vielded acetone (identified as 

the 7,kdinitrophenylhvdrazone), O-meth:~lphloroplucinol, serrated bv 

thin layer chrmatomphy and identified by cmparison with an authentic 

samsle, and r_methoxvphenylacetic acid, identified hv cmrarison of m.~. 

infrared and ultraviolet srectra with a synthetic smsle. This last 

p-cduct places robustic acid in the isoflavonoid series, whilst the 

prcduction of acetone confins the mesence of a 2,2-dinethvlchrcmene 

rinc. The phlomplucinol derivative defines the cxypenation pattern 

of one benzene ring. 

(ii) A study of the mass smctra of II-hydmxv-3-r?henvlmmarins has been 

made and tile folloclin~ nodes of breakdmm of these ccrpunds have been 

defjned and confined by deuteratipn exnetients. 

+ Rr- CH=C==0 



1270 The structure of robuatic acid No.20 

Eitherfrmgnentis capable of camying the charge. On this basic 

pattern is superimposed, in the ease of the 2,2-dimzthylchmnenes, 

the 1068 c.f allylic methyl as a hi@ily faxwed pmoess. 

Thenlass spectrunof rohustic aoidis shownbelm: 



No.20 The structure of robustic acid 

This spectrum leads to the annexed scheme to account for part of the 

breakdm pattern in the mass spectnmeter. 

1271 

dH u 
365 (92) 

OCH, 

233 (30) 

148 (23) 217 (95j 

Dihydmrvbustic acid T.D. 198-2CG" was ycduced bv catalytic 

hydrogenation. In the i,l.IT.H. s~ctnm tm triplets at T 8.17 (211) 

and T 7.20 (?!i), CT = 6.5 c/s, together with a singlet at T 8.60 (6!3 

define the ?,2-dimethvlchmm ring. The msitions of the bands 

due to the methoxyl groups had not c?mnced. 



1272 The structure of robustic acid No.20 

Fmn these facts only three formulae for robustic acid are possible. 

The methoxyl groups of mbustic acid shcu at T 6.04 and T 6.18 in the 

N.M.R. specrhun. That at T 6.18 is assigned to the 4'-methoxyl group 

byanalogywithmcdel ampounds bearing amethoxylgP3up in this 

position wily, and therefore the methoxyl at T 6.04 must be on ring A. 

Methyl robustic acid shws methoxyl groups at T 6.18, 6.20 and 6.47. 

That at T 6.47 is assigned to the knethoxyl group and so on methylation 

the methoxyl gulp on ring A has shifted its position upfield by at 

least 'I 0.1.4. In this series this shift is characteristic of a 5- 

methoxyl g~wp and is due to the st~cture being fixed on methylation. 

Fomula (IV) doss not therefore represent robustic acid. 

That l&nHic acid must be represented by (III) was proven by 

synthesis of the two dihydro-derivatives co~~~~.pondinp. to (II) and 

(IV). The following route was used: 



No.20 The structure of robustic aeid 1273 

The chrcman (V) on reaction with pnaethoxybenzyl/cyanide under Hcesch 

conditions, gave an equimolarmixtum of (VI) mp. 12%121', and (VII) 

m.p. 149-151°, readily sepamble and identified by their carbony 

stretchingfrequenciesin theinfraredspectm. With mthylchl~rc- 

fonmte, canpound (VI) Rave rise to the 4-hydmxyaxmxwin (vr.11) m.p. 

258-262', in high yield. The N.M.R. s~ctzm of this cmpmnd 
differed frm that of dihydrorobustic acid only in that the singlet 

matic proton on ring A shmed at T 3.71 instead Of T 3.37. The 

mixed mlting point of (VIII) with dihydmmbuStic acid was frm 

185~7X0, and the infrared Spectra were similar but quite distinct, 

leaving no doubt that dihydrorobustic acid is not represented by 

formula (VIII). 



1274 The structure of robustic acid No.20 

Methqlation of (VII) proceeded smoothly to oive the dimethyl- 

deoxybenzoin m.p. 103-105'. Preferential demethylation with boiling 

dilute hydrochloric acid for 1 hour, follo,+ed by cyclisation with 

methyl chloroformate give (IX) m.p. 247-251'. The ?i.!*.R. spectrum 

confirmed the formula (IX), the methoxyl groups showing at T 6.21 and 

t 6.17, and the singlet amratic proton at T 3.57. The mixed melting 

point with dihydxorobustic acid was 182-193O, and with (VIII) wCz 

220-755'. fgain the infrared confirmed the non-identity of (IX) with 

dihydroxobustic acid. In this way both annular formulae (VIII) and 

(IX) for ldihydrorobustic acid are excluded, and therefore the linear 

formula m=t be correct for this ccmpound. This leads directlv to 

the exclusion of formulae (II) and (IV) for robustic acid itself, which 

must therefore be represented by formula (III). 

Robustic acid is the first naturally occurring 4-hydroxy-3- 

phenylcoumarin to be cunpletely characterised. These ccmpoundsmaybe 

written as being in tautaneric equilibrilnn with P-hydroxyisoflavones, 

their position as isoflavonoids thus being defined. Robustic acid 

is closely related to scandenin, another of this class under examination. 

It is likely that lon&ocarp ic acid, as postulated earlier3 is also a 

member of the same group as robustic acid and scandenin. 

We ire indebted to the Deparnnent of Scientific and Industrial 

Research for a Scholarship (to A.P.J.1. Professor W.D.Ollis kindly 

informed us that he has also examined D.robusta and had, on other 

grounds, assigned formula III to robustic acid. 


