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CASSIAXANTHONE, A HYDROXYXANTHONE 
DICARBOXYLK! ACID FROM CASSIA SPECIES 

M. S. R. NAIR,* T. C. MCMORRIS and MARJORIE ANCHEL 

The New York Botanical Garden, Bronx, N.Y. 10458, U.S.A. 
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Aktrae-A pale yellow crystalline material isolated from a bicarbonate extract of leaves of Cussiu 
reticdatu has been identilkd as l-hydroxyxanthone4,84karboxylic acid. The possibility that this com- 
pound is a natural product rather than 811 artefact, as suggested earlier, is discussed. 

INTRODUCTION 

ISOLATION of an unidentified pale-yellow crystalline compound from dried leaves of Cassia 
retidata Willdenow (Leguminosae) was reported in 1949.’ The same compound2 was 
obtained also from the leaves of C. alata.’ In both instances, the compound was suspected of 
being an artefact resulting from alkaline treatment of some anthraquinone present in Camia 
species. On the basis of evidence presented in this paper, the structure I has been assigned to 
the compound, which we have named “Cassiaxanthone”. The xanthone structure of I sug- 
gests the possibility that it may be not an artefact,!but a true metabolite. 

RESULTS 

Analyses of the compound (I) agree with the formula C,sHs07.2* 3 The U.V. absorption 
spectrum is suggestive of a xanthone nucleus. ’ The i.r. spectrumt shows broad bands at 
2500-2700 cm-r (carboxyl) and 1635 cm-’ (nuclear carbonyl of the xanthone5). Acetylation 
of I yields a colorless monoacetate (II) in which the carbonyl peak is shifted to 1667 cm-i, 
behavior indicating the presence of a hydroxyl group in the 1 position. As expected for a 
I-hydroxyxanthone, treatment with diazomethane does not affect the hydroxyl group: A 
dimethyl derivative (III) is obtained from which the parent compound can be regenerated by 
alkaline hydrolysis. The NMR spectrum of I, as well as that of III, shows a signal at T - 2.06, 
as expected for the highly chelated hydroxyl at Cr. It also shows two doublets centered at 
T 3*1(.7 = 9 Hz), and 2.85 (J = 8 Hz), assigned to the protons on carbons 2 and 4. The signal 
for the C2 proton in the acetate shows the expected downfield shift. The expanded spectrum 
of I shows fine splitting (J = 15 Hz) due to meta coupling. The C3 proton appears as a triplet 
around T 2.2 (J = 9 Hz). These shifts are comparable to those of the corresponding protons 

l Present address: Laboratoire de StMochimie, FacultC da Sciewes, Univexsit6 de Paris, Orsay, Seine 
et Oise, France. 

t All i.r. spectm were taken as KBr pellets. 
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in l-hydroxyxanthones.4 The remaining two aromatic protons give doublets at T 2.2 (J = 2 
Hz) and 1.9 (J = 2 Hz) indicating the metu relationship of the carboxyl groups, which must 
therefore be either at CS and C,, or at Cs and Cs. The reported spectra of a number of 
xanthones show signals for the C6 and Cs protons at much lower field than those for the CS 
and C, protons.4 The Cs proton in 1-hydroxyxanthone* comes as a doublet around T l-85. 
A carboxyl group ottho to this proton would shift the signal by about O-6 T to lower field.6. 
This would be further downfield than the observed value. The carboxyl groups are accord- 
ingly assigned to the C6 and C, positions. 

0 

(I) R,Rz=H,R3=H 
(II) R, R2 = H, R3 = CH3c0- 

(III) RlR2 = CH3, R3 = H 

DISCUSSION 

Because the “yellow crystalline substance” was obtained from Cussiu leaves only after 
alkaline treatment, it was thought originally that it might not be a natural product, but rather 
an artefact formed from rhein, an anthraquinone found in both species of Cussiu from which 
the compound was isolated. However, identification of the compound as a xanthone makes 
this less likely. We have been unable to fmd any example of in vitro conversion of an anthra- 
quinone to a xanthone, nor have we been able to effect this conversion. Atkinson and Lewis’ 
have demonstrated the oxidative coupling of benzophenones to xanthones under alkaline 
conditions, and it is conceivable that if the appropriate benzophenone were present in suffi- 
cient amount in Cussiu leaves, that cassiaxanthone might have been formed by the alkaline 
treatment. But the presence of benzophenones in Cassia reticulutu has not been reported. 
Money8 has postulated that xanthones may be formed biogenetically not from the anthra- 
quinone, but rather by oxidative cleavage of the precursor anthrone. We felt that this might 
have a chemical analogy, since Hauptmann and Nazario,3 in discussing the basis for consider- 
ing that the yellow substance was an artefact, stated : “We observed its formation when boil- 
ing a fraction of reduced anthraquinones with sodium carbonate solution.” On the assump- 
tion that an anthrone component in the mixture of “reduced anthraquinones” was responsible 

* This was prepared by the method of B. M. DPAU, P. P. DESAI and R. D. D~~AI. J. Znd. Chem. Sot. 37,53 
(1960). It melted at 147-148”. 

6 L. M. JACKMAN, Applications of NMR Spectroscopy in Organ& Chemistry, p. 63, Pergamon Press, New 
York (1959). 
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B T. MONEY, Nature 199,592 (1963). 
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for this result, we tried to effect this conversion by treatment of a number of anthrones with 
alkali or alkaline peroxide. Instead of forming a xanthone, the anthrone under these condi- 
tions tended to revert to the anthraquinone. 

The possibility that cassiaxanthone is a natural product, on the other hand, fits in well 
with the fact that xanthones accompany anthraquinones in a number of plant species. 

. Groger et ~1.~ using a i4C or ‘H label, have demonstrated the biological transformation of the 
anthraquinone, emodin, to the ergochromes, closely related xanthones. Holker and Kagal’O 
have pointed out that the co-occurrence of the anthraquinone versicolorin A and the xanthone 
sterigmatocystin, suggests a similar biological relationship. The postulated biological con- 
version of rhein to cassiaxanthone (IV + V --f I) might involve either cleavage to a benzo- 
phenone followed by oxidative coupling, or oxidative cleavage to a benzophenone, followed 
by dehydration. 

The question of whether cassiaxanthone is an artefact or a natural product still remains 
open.11 

EXPERIMENTAL 

Cassiaxanthone (I) 

Dried leaves of Cassia reticdata Willd. (200 g) were boiled with cu. 1 per cent NaHC03 (5 1.) for about 
30 min. The alkaline extract was acidified to pH 2 with HCI and the precipitate centrifuged off. The supematant 
was extracted with methyl-isobutyl ketone (cu. 500 ml). The residue from this extract was taken up in Et*0 
and extracted with dil. NaHC4. On acidification, cu. 900 mg of a light-brown precipitate was obtained which 
was suspended in Hz0 and treated with bet&amine until a bright red color persisted. The solution was 
acid&d, giving cu. 500 mg of a yellow precipitate, m.p. 220-230”. After recrystallixation from 
acetic acid, it melted at 330-340” decomp. (Found: C, @16; H, 2.95. Calc. for &HsO,: C, @Ol; H, 
2.69%). &: (EtOH) 235,262,290,300,375 run (e 25,400,23,2QO, 6900,690O (sh) 3900): O-1 N NaOH 240, 
270,320,400 nm (e 32,100,19,650,9300,5400). v,. 2500-2700,1635 cm-‘. NMR signal at 7 3.1 (doublet 
J = 9 Ha), 285 (doublet J = 8 Hz), 2.2 (triplet of doublets, J = 9 Hz, J = 2 Hz), l-9 (doublet, J = 2 Hz) and 
-2% (singlet). 

Cassiaxanthone Acetate (ZZ) 

Cassiaxanthone acetate (II) was prepared in the usual way (acetic anhydride and sodium acetate) and 
crystallii from aqueous EtOH. Colorless needles, m.p. 215-216’. &- EtOH 235,250,275 and 360 run. 
V_ 1738,1710, 1660,1615, and 1605 cm-‘. NMR signals at 7 7.65 (3H, singlet), 2.82 (lH, broad doublet 
J = 8 Hz), 2.40 (lH, broad doublet, J - 8 Hz), 2.25 (lH, doublet, J = 2 Hz), 220 (lH, broad triplet, J = 8 Hz), 
1.9 (lH, doublet,J = 2Hx). (Found: C, 60.10; H, 3.27; Calc. for C,,H,oOs: C, 5964; H, 2.95x.) 

Dimethyl cassiaxanthone (III) 

Dimethyl cassiaxanthone (III) was prepared with CHsNa in Et20 and crystallized from EtOH, m.p. 
183-184”; (Found: C, 61.93; H, 394; OCHs, 1921. Calc. for Cr,H,,O,: C, 62.18; H 3.63; OCHJ, 18.91%). 
&,,., EtOH, 231,237,263,303, 315 and 375 run. v,, 1730, 1650, and 1610 cm-‘. NMR signals at 7 6.03 
(6H, singlet), 3.1 (lH, broad doublet, 9 Hz), 2.87 (lH, broad doublet, 9 Hz), 2.17 (lH, broad triplet, 9 Ha), 
2.1 (lH, doublet, 2 Hz), 1.87 (doublet, 2 Hz). 
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