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--Two new yellow pigments, meauxanthone A and memaxantbone B, and the known 
cuxanthonc have been isolaced from the heartwood extracts of Mesu ferreu L. Evidence is preented 
to show that mcauxanthonc A is 1,5dihydroxy-3-cncthoxy-xanthonc and mesuxanthonc B ia 1,5,6 
trihydroxyxanthonc. Muuaxanthonc A has ban synthaitcd. 

h4eswferreu L. (Guttiferae) is a tree indigenous to tropical Asia. From the expressed 
oil of the seed kernel Bose ef al. have isolated 1a two crystalline antibiotic principles, 
mesuol and mesuonc. As no work has been recorded on the extractives of the heart- 
wood and bark, this paper is concerned with the chemical examination of the heart- 
wood? and a study of the bark will be reported in a separate communication. 

Extraction of the heartwood with acetone affords a resinous mixture of pigments 
from which three yellow crystalline compounds A, B and C have been isolated. 
Pigment C, has been identified as euxanthone (1) by direct comparison with an 
authentic specimen . $ The other two pigments, mesuaxanthone A and B, have not been 
hitherto reported to occur in Nature. Evidence is presented below to show that 
mesuaxanthone A is IJ-dihydroxy-3-methoxyxanthone (11) and mesuaxanthone B is 
l,S,&trihydroxyxanthone (VII). 

Mesuaxanthone A (II), m.p. 27&272”, has the empirical formula G,H,,O, and 
contains one methoxyl group. It gives a brown ferric reaction and forms a diaoetate, 
a dibenzoate and a dimethyl ether (Ill), revealing the presence of two hydroxyl groups. 
Demethylation with aluminium chloride results in a trihydroxy compound (v), 
characterized as its triacetate. The IR spectrum of mesuaxanthone A (strong band at 
1650 cm-l) and its UV spectrum, &,_ 250,274 (sh), 310 and 355 rnp (log t 4*43,3.80, 
4.09 and 3.47) are typical of a polyhydroxyxanthone.’ Fusion of the dimethyl ether 
(Ill) with alkali affords 2Jdihydroxybenzoic acid and a pale yellow crystalline 
phenol, m.p. 170”. later shown to be IV, as the major products; phloroglucinol and 
resorcinol have also been identified in the mother liquors by TLC. These results 

prove that mesuaxanthone A is a derivative of 1,3,5_trihydroxyxanthone. Mesua- 
xanthone A dimethyl ether proved to be identical with 1,3,5-trimethoxyxanthone.6 

l CIBA Research Centrc. Gorcgaon. Bombay 62. 
t The plant material for this investigation was colkctcd from the Western Ghats in Travancorc. 
: Kindly provided by Prof. T. R. Suhadri to whom our thanks arc due. 

a P. Dutt. N. C. Deb and P. K. Bose. /. Indian C&m. SOC. 17,277 (1940). 
’ D. P. Chakraborty. M. Furkayastha and P. K. BOK, Roe. Nor/. Itur. Scl. Indb UB. 8 (1959). 
* D. P. Chakraborty and P. K. Bose, Plot. Nurl. 1~. SC/. M&Y 26A. Supp. 1. 1 (1960). 
‘J. C. Roberts. Gem. Reu. 61,591 (l%l). 
* V. V. Kane, A. B. Kulkami and R. C. Shah, 1. Scl. fnd. Resetarch. India 18B, 28 (1959). 
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0 OH 0 OR, 

I II RI - R,=H; R.-Me 
III Ri - R, = R, = Me 
IV Ri = H; R,.- R, ~7 Me 
V R, - R, - R, - H 

VI RI = R,=H; R, = Me 

In accordance with most naturally occurring xanthoneq6** compound II has an 
hydroxyl at C-l, supported by the brown ferric reaction and positive Wilson’s boric 
acid test. The second hydroxyl group must be placed at C-5 since mesuaxanthone A 
is different from the known l&dihydroxy-5-methoxyxanthonti (VI). It follows there- 
fore that mesuaxanthone A is l,Sdihydroxy-3methoxyxanthonc (II). This has been 

conhmcd by synthesis. Condensation of phloroglucinol with 2Jdihydroxybenzoic 
acidE afTords 1,3,5_trihydroxyxanthone (V) identical with the demethylation product of 
mesuaxanthone A. Selective methylation of the C-3 hydroxyl group0 yields a product 
identical with mesuaxanthone A (II). 

The yellow phenol obtained in the alkali fusion above analyses for Cr,HrsOI and 
contains two methoxyl groups. It gives a brown ferric reaction and its UV spectrum 
(Fig. 2) is very similar to that of II. This evidence coupled with positive Wilson’s 
boric acid and Gibbs tests suggests it to be IV? and this has been confirmed by a 
synthesis. Condensations of phloroglucinol monomethyl ether with 2-hydroxy-E 
methoxy-benzoic acid gave I-hydroxy-3,5dimethoxyxanthone identical with the 
degradation product above.$ 

Mesuaxanthone B (VII), GH801, m.p. 290”, contains three hydroxyl groups 
@acetate, tribenzoate and trimethyl ether) and no methoxyl group. Its IR spectrum 
exhibits a strong band at 1650 cm-l and the UV spectrum of its triacetate is virtually 
identical with that of xanthone. The UV spectrum of mesuaxanthone B itself (Fig. 1) 
has only two intense bands in contrast to that of known naturally occurring xanthones 
which exhibit three or four intense bands .‘*l” Mesuaxanthone B produces a green 
colour with ferric chloride and gives a positive Wilson’s boric acid test suggesting the 
presence of a C-l hydroxyl group. This is supported by the preparation of a yellow 
dimethyl ether (VIII; positive ferric and Wilson’s boric acid tests) with diazomethane, 
and a colourless trimethyl ether (IX) under more severe conditions. The presence of 
an odihydroxyl grouping in VII is indicated by the characteristic bathochromic shift 

*An exception is the recently isolated 2-hydroxyxanthonc.’ 
t Scloztive danethylation of the methoxyl group adjacent to the pyrone carbonyl during alkali 

fusion is not without preccdcnt. Sac for example, F. Sondhcimer and A. Mciscls. Tcrruhedron 9, 
139 (1960). 

$ Attempts to prepare this compound by methylating II with diaxomcthane gave unsatisfactory 
results, the dimcthyl ether III being the major product. 
l F. M. Dean, Narurally occw7fqq Oxygen Ring Compounds p. 266. Buttaworths, London (1963). 
’ R. A. Finnegan and P. L. Bachman. 1. Phorm. Sci. 54,633 (1965). 
@ P. K. Grover, G. D. Shah and R. C. Shah, J. Chem. Sot. 3982 (1955). 
l cf. K. R. Markham, Twuhedron 21, 1449 (l%S). 

** M. L. Wolfrom et al.. J. Org. Chem. 29. 6x9 (1964). 
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OR. OMC OH 

VII RI = R, = R, = H XI 
VIII R, - H; R, y R, - Me 

IX R, = R, = R, = Me 

X R,= H; R, = R, = ‘CH, 
/ 

of its UV spectrum in the presence of a mixture of boric acid and sodium acetate.” 
This has been confirmed by the preparation of a methylene ether(X). From the yellow 
colour and positive ferric reaction of this derivative, it is evident that GI hydroxyl is 
not involved in the formation of the methylene ether. Finally, the orientation of the 
hydroxyl groups in mesuaxanthont B has been established by degradation. Elbs 
persulphate oxidation of the dimethyl ether (VIII) gives the corresponding quinol XI 
which on mild oxidation with 3 % alkaline hydrogen peroxide” furnishes 2-hydroxy-3, 
44methoxybenxoic acid as the sole product. This evidence proves that the other two 
hydroxyl groups in VII are at C-5 and C-6. An authentic specimen of 1,5,6trihydroxy- 
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FIG. 1. UV Spectrum of: I. Mauaxanthm B; II. M~thone B triacetate. 

” L. Jurd. Arch. B&m. Biophys. 63,376 (19%). 
In J. C. Robats./. Chem. .5x. f85 (1960). 
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xanthone preparedU is be identical with mesuaxanthone B. The compound has not 
previously been obtained from a natural source. 

1. lsolarion of rhe plgmenrs 

EXPERIMENTAL” 

The finely ground heartwood (4 kg) of hfesua ferrea, previously extracted with pet. ether. was 
extracted with acetone in the cold. A&one was distilled off and the resulting dark red resinous 
residue was dissolved in AcOEt (1 I) and diluted with ether (3 1) slowly, with stirring until pptn was 
nearly complete. The red amorphous ppt was rejected. The almost clear yellow filtrate was washed 
thoroughly with water and then extracted smivcly with ice-cold sat NaHCO,aq (extract A), 
2% Na,CO,aq (extract B) and 4% NaOHaq (extract C). Evaporation of the organic layer left a 
negligible residue. The aqueous extracts were acidified with 4N HCI under strong cooling and allowed 
to stand in the refrigeration overnight. Extract A atTordcd a dark brown semi-solid which was not 
investigated. The brownish yellow ppts obtained from extracts B and C were collectad, wamhcd thor- 
oughly with ia water and dried. 

TLC of the crude pigments revealed that extract B (9 g) consisted largely of mcruuxunllrone B and 
extract C (4 g) consisted of nearly equal amounts of menuucmrhonc A and cuxanthone, contaminated 
with other impuritia. The mixture of mesuaxanthonc A and cuxanthonc was separated by fractional 
crystallization from alcohol. Mcsuaxan thorn A separated from the less aolublc fraction and from the 
more soluble part cuxanthone w isolated. 

Mcsuaxanthone B was purified through its sparingly solubk e+cetate. For this purpose crude air 
dried mcauaxanthone B (4 g) was heated at 80” with a mixture of pyridinc (10 ml) and AGO (10 ml) 
for 2 hr. After pouring into ice water and leaving in the rcfrigaator ovanight, the ppt was washed 
with water and dried. Repeated crystallization from AcOEt (Norit) afTordcd fibrous colourlea, 
needles (2.1 @, m.p. 208-210”. For hydrolysis the pure acetate (1 g) was refluxal with alcoholic HCI 
(10%; 100 ml) for 2 hr and allowed to stand at room tcmp onmight. The kmon yellow plates of 
mcsuaxanthonc B were washed with dil alcohol and dried (@45 g). Concentration of the mother 
liquors in IXXW afforded more (0.1 g) of the same material. 

2. Euxanrhotu 

It crystallized from alcohol as bright yellow needles m.p. 238-240”. The diacerare separate from 
benzene as colourl*u prisms, m.p. 183-l 84”. The dimerhylerher crystallized from alcohol ascolourlua 
needles, m.p. 150-152”. 

3. Mesuaxanrhone A 

Recrystallization from alcohol, acetone or AcOEt afforded yellow nccdka, m.p. 27&272”. (Found: 
C. 64.86; H, 4.11; OCH,, 6.03. CILHI,OI requires: C. 65.11; H. 3.88; 1 OMe. 5.82x.) It is 
sparingly soluble in ether, chf, bcnzmc, AcQEt, acetone and alcohol, and was practkally insolubk 
in dil Na,CO,aq. 

The dibenzoare (pyridinc-acid chloride), crystallized from chf. m.p. 268-270”. (Found: C, 
72.50; H, 4.20. C,,H,,O, requires: C, 72.09; H. 3.86%.) Thcdiacerafe (pyridinc-AhO) crystallized 
from benzenepet. ether as colourkss plates, m.p. 158-160”. UV: 238, 272, 294. 325-330 (sh) 
rnp (log ti 4.67, 4.09. 4.22, 3.92). (Found: C, 62.73; H. 4.02. C&,0, requires: C. 63.15; 
H. 4a%.) 

4. Mesuaxanrhonc A dlmrrhyl erher 

A mixture of m*iuaxanthonc A (0.6 g), anhydrous K&O, (4 g) and MetSO, (2.5 ml) in dry 
aatone (100 ml) was rcfluxcd for 18 hr. Evaporation of the solvent from the filtered soln followed by 
addition of water fiorded the methyl ether aa a colourlcss solid. Recrystallization from alcohol gave 
necdla (048 g), m.p. 219-220”. identical with an authentic spscirncn of 1.3.5.-trimethoxyx~tho~’ 
(m.m.p.. TLC and IR). UV: 245. uw). 335-W (sh) mlr (log ‘ 4.63.4.23. 3.79). (Found: C, 67.32; 
H. 5.33; OMe. 15.69. C,,H,,O, requires: C, 67.14; H. 4.87; 3 OMe. 15+7%.) 

*I G. 0. Shah and R. C. Shah, J. Sci. Ind. Rrs. India lSB, 630 (1956). 
I‘ M.ps are uncorrected. The UV spectra 95 % EtOH using a Beckmann Model DU Sprctrophotom- 

eter. Kicsclgel G (E. Merck) was used for TLC. Pet. ether refers to b.p. 4&W. 
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5. Demthy&!bn of mesnaxantbn A 
A soln of mmuaxanthone A (@2 g) in dry baucne (100 ml) was tread with powdered anhyd. 

AICI, (2 g) and the mixture rcfluxal for 6 hr. The solvent wm then distilled, crushed ice and HCl 
(5 ml) added and the vaulting yellow ppt washed and dried. Recrystallization from dil akohol 
afforded the dcmcthylatcd xanthonc as yellow microcrystalline ppl(@12 g), m.p. 298-301”. It gave a 
deep brown colour with F&l,. 

The 4cet4rc (pyridinc+Ac,O) crystallized from aaztone as colourlcss nccdks, m.p. 202-204”. 
undcpresscd on admixture with an authentic specimen of 1,3,Qriacetoxyxanthone (cidr in/m). 
UV: 238, 267. 335 rnp (log l 460.4.12, 3.83). (Found: C, 61.89; H, 3.72; CI,HIIO, requires: 
C. 61.62; H, 3.8%). 

6. Alkali fuion of mesu4xMIh41~ A dimethyl ether 

A mixturc of mcsuaxanthonc A dimcthyl ether (0.3 g), powdcrcd NaOH (1.2 g), KOH (I.3 9, 
and water (0.5 ml) talrcn in a Ni crucible was placed in a metal bath at 180”. The tcmp was gradually 
raised to 260” in the course of 8 min. with stirring, under a stream of N. The melt was held at 26& 
270’ for 4 min and then allowed to cool and then dissolved in ice water (2iJ ml), acidified with con 
HCl, and extracted with ether. The ether soln was shaken with NaHCO,aq (2 x 3 ml), the bi- 
carbonate solution acidified with strong cooling and rcextracted with ether. After being dried, ether 
was distilled off and the residue crystall&d from bmrenr+pct. ether giving 2&dihydroxybenxoic 
acid (blue ferric &ion). m.p. 202-204’ identical with an authentic spccimcr~.~~ 

The ether soln left after extraction with bicarbonate was washed with water. dried and the solvent 
distilled off. The residue on repeated aystalliration from alcohol gave pak yellow nccdks (60 mg), 
m.p. 17&17l”,idcntical (m.m.p., IR and TLC) with a synthetic specimen of I-hydroxy-3,5-dimcthoxy- 
xanthonc (PI& below). It gave a brown ferric reaction and positive Wilson’s boric acid and Gibbs testi. 
UV: 245. 310. 335 (sh) 355 rnp (log, 4.59; 4.24. 3.70, 366). (Found: C. 66.57; H. 444; OMe. 
1086. C,,H,,O,rcquiru: C. 66.18; H.4.41; ZOMe, 1163x.) 

The alcohol mother liquor obtained was examined by TLC on silica gel (buucne: AcOEt : MeOH- 
20:4:@5). Thru spots were rcvcakd identical respectively with I-hydroxy-3,5dimethoxyxanthonc, 
rcsorcinol and phloroglucinol (in the order of decreasing S” run as standards alongside. 

7. Synrhcsir of I-hydroxy_3,5dimrthoxyxunthonc 

A mixture of 2-hydroxy-3-mcthoxybc acid (1 g). phloroglucinol monomethyl ether (1.2 g) 
f& powered ZnCl, (4 gl and POCl, (10 ml) was heaced at 65-70” for 3 hr. The deep red viscous oily 
product wascooled and poured onto crushed ice; extracted with ether soln washed with sa81 NaHCO,aq 
then with water. dried and the solvent distilkd. Repeated crystallization of the residue from alcohol 
gave pak yellow &lea of I-hydroxy-3.5dimcthoxyxanthone (@3 g), m.p. 169-170”. identical with 
the degradation product above. (Found: C, 66.24; H. 4.72. C,,Hi,O, requirea: C. 66.18; H. 4.41 O/d. 

8. Synthests of mesuaxanrhone A 

(i) 1.3,5-Tru?ydroxyuvtrhonc. Anhydrous phloroglucinol (2.4 g), f3dihydroxybtnzoic acid 
(2 g), ZnCI, (8 g) and POCl, (20 ml) were stirred at 70” for 2 hr. After being poured into ice water 
and stirring for I hr. the ppt was washed with NaHCQaq. and water and dried. Sublimation of this 
crude product at 20&220°/Ol mm followed by recrystallization of the sublimate from alcohol gave 
1,3.5-trihydroxyxanthone as yellow needles (0.5 g), m.p. 30&302” (dcc), lit.‘, m.p. 303-304” (dcc). 
The acctatc prepared in pyridine solution with Ac,O crystallized from acetone as n&la, m.p. 203- 
204”. 

(ii) 1,5-Du?ydrox+-mr1hoxyxan1hone (mcsnaxanrhone A). A mixture of 1,3,S_trihydroxyxan- 
thonc (0.48 gl h&SO, (@2 ml) and NaHCO, (IO g) in dry aatonc (200 ml) was rcfluxcd for 10 hr. 
yielded after rcaystalliration from acetone l.Sdihydroxy-3methoxyxanthone (@3 g) as ytllo~ 
needles. m.p. 268-270”. undcpreascd on admixture with masuaxanthonc A. Their IR spcctm wen 
identical. (Found: C. 65.10; H. 3.89. C,,H,.O, requires: C, 65.11; H, 3.88x.) 

9. Mcsuaxanrhone B 

It crystallized from alcohol as kmon-yellow plates, m.p. 288-290” identical (m.m.p.. IR and TLC) 
with an authentic specimen of 1.5,Ctrihydroxyxanthone.i* (Found: C. 6394; H, 3.10; OMc, Nil. 
C,,H,,O,rcquiru: C. 63.93; H, 3.28x.) 

I’ F. E. King, J. H. Gilks and M. W. Partridge, 1. C&m. Sot. 4206 (1955). 
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The b0nzuure (pyridi*B&l). cryrtallii from benrtrrapd. ether, m.p. 182’. (Found: C. 73.22; 
H, 3.75. &H-O, requirea: C, 73.39; H, 3*60./,) The rr&cerure (pyridinc+Ac,O) uystallized as 
colourless nebdles, m.p. 208-210” unrepressed on admixture with the acetate prepared from crude 
muuaxanthone B (u&fe syp’o.) (Found: C. 6160; H, 3.45. CJi,,O, requires: C, 61.62; H, 3-78x.) 

10. Me suaxanrhone B rrlmrrhyl crher 

Muuaxanthone B (@2 g) was rdluxed with Me,SO, (1.6 ml) and anhyd K&D, (2 g) in acetone 
(75 ml) for 36 hr. Ace!one was distilled off from the filtered soln and water added. The ppt was 
collectal, dried and recrystallized from benzene-pet. ether giving colourless needlea, m.p. and m.m.p. 
with a synthetic specimen of l,S,6_trimcthoxyxanthonc” lS&lSl”. Their IR spaztra were identical. 
UV: 238. 305. 33S-340 (sh) rn~~ (log ti 4.70, 4.25, 4+00). (Found: C, 67.28; H, 4.68. C,,H,,O, 
requiras: C. 67.13; H, 4*89x.) 

11. Me suaxanrhone B dimerhyl ether 

An crhatal soln of diazomethanc (from 10 g of nitrosomethylurea) was added to a c~~kd soln of 
mauaxanthone B (@S g) in abs aher @SO ml) and abe MeOH (40 ml). Afta leaving ovanight at room 
tanp. the solvents wae evaporated and r&due crystallized from alcohol giving the dimethyl aha as 
pale ydlow fibrous &la (0.36 g) m.p. 176”. UV: 242,26S-270 (sh), 310.33s mcc (log l 45s. 3.83. 
4.12, 3.82). (Found: C, 66.14; H, 4.69; OMe, 10-43. C,,HI,O, requira: C, 66-18; H, 441; 
2OMe, 1143x.) 

12. Merhylenatbn of mesiwxanrhone B 

A mixture of lnauuranthone B (600 mg), anhyd K&O, (1.5 g) and CHJ, (1.S ml) in dry acetone 
(60 ml) was refluxed for I8 hr. After distilling otT acetone, water was added and allowal to stand 
ovanight. The pale yellow ppt was washed, dried and rsrystallized from benzem+pet. ether, giving 
the methyknedioxyxanthone as pale yellow needles (0.24g). m.p. 210-212”. (Found: C, 6578; 
H, 3.33. CJI.0, requires: C. 6S.63; H, 3*12x.) 

13. Persulphare ox&Won of mewaxanrhone B dinwhyl ether 

Potassium hydroxide (O-8 g) in water (10 ml) was added to a soln of Bthone B dimethyl 
ether (O-4 g) in pyridine (8 ml). To this well stirred mixture was added during 1 hr a soln of potassium 
pmulphate (1 g) in water (3-4 ml) the tanp being maintained at 1 S-20’. After being stirred at 1 S-20’ 
for 6 hr. it was left overnight at room temp. Next day the clear brown soln was acidiRed to Congo-red 
with cone HCl and the pptd unreactcd material filtered off. The filtrate was extracted with ether twice 
(100 ml) and the ether extract rejected. The dear bromr aqueous soln was heated on the water bath 
for 1 hr with cone HCI (IS ml) and Na,.SO, (I.4 g). The ppt obtained on cooling was washed with 
water, dried and passed through a column of silica gel in benzene- AcOEt (1: 1). Recryttallintion 
from alcohol afforded bright yellow needles of 1.4-du?yctoxy-S,6~~xyxmcrlronr (O-12 g), m.p. 
226228”. UV: 242, 285. 300-305 (sh). 39s ml, (log ‘ 4.S0, 419, 4.13, 3.67). (Found: C. 62.38; 
H, 4.22. C,,H,,O, requires: C, 62.SO; H, 4.17x.) 

14. Alkaline hydrogen peroxide ox&h&m of 1,4dihydroxy_S,~~rhoxyxant~~ 

A soln of l&dihydroxy-S$&ncthoxyxanthone (@I g) in KOHaq (I %; IS ml) was 
treated dropwise with H,O, (3%; 9 ml) at room temp. The initial dark brown colour of the soln 
gradually baamc colourlss in 2 days. After allowing to stand at room temp for 4 days, the soln WLU 
concentrated In wcuo (-10 ml) and cooled. Acidification aflbrdcd colourkss nadlcs. The product 
was isolated by extraction with AcOEt. shaking with sat NaHCO,aq (2 x 4 ml).aciditication with HCl 
and rcextraction with AcOEt. After washing with water the extract was dried and AcOEt removed. 
Crystallization of the residue from A&Et-pet. ether afforded needles. m.p. 169-171’ undcprused on 
admixture with authentic 2-hydroxy-3.4dimethoxybauoic acid.” Their IR spectra were identical. 
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