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QUINObE AND XANTHONE 
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Ah&net-The compounds 2,6-dimethoxy-l,4-henzoquinone, 2-hydroxy-1-methoxyxanthone, 3-hydroxy-1,2- 
dimethoxyxanthone, 4-hydroxy4,34methoxyxanthone, 4-methoxy-2,3-methylenedioxyxanthone, 5-hy- 
droxy-1,34methoxyxanthone, 1,5-dihydroxy-3-methoxyxanthone and 3-hydroxy-1,5,6_trimethoxyxanthone 
were isolated from Kielmeyera rupestris A. P. Duarte. 

'bz MORPHOLOGICAL characters of Kielmeyeru rupesrris A. P. Duarte, a new species of the 
Guttiferae family, were recently described. 2 A phytochemical examination of its wood 
revealed the presence of 2,6-dimethoxy-1,4&enzoquinone, identified by direct comparison 
with a synthetic sample. In addition, seven xanthones were isolated. Among these, 2-hydroxy- 
l-methoxyxanthone,3 3-hydroxy-1,2dimethoxyxanthone,’ 4-hydroxy-2,3dimethoxyxan- 
thone,31 5 4-methoxy-2,3-methylenedioxyxanthone,s 5-hydroxy-1 ,fdimethoxyxanthone 3* 5 
and 1,5-dihydroxy-3-methoxyxanthone 3, 5 had already been isolated previously from K. 
speciosa St. Hil.,3, ’ K. corymbosa (Spr.) Marts and K. coriucea Mart.,5 and were identified 
by direct comparison with authentic samples. 

Only one compound proved to be new. Its molecular weight indicated a monohydroxy- 
trimethoxyxanthone structure. NMR spectrometry showed that the four substituents 
were located at carbons 1, 3, 5 and 6 of the xanthone skeleton,‘j which was confirmed by 
showing that the monomethyl ether was identical with an authentic sample of 1,3,5,6-tetra- 
methoxyxanthone (Ia). It was easily ascertained that the hydroxyl is not either at C-l, since 
no U.V. spectral shift was observed upon addition of AlC4, or at C-5, since the Gibbs test 
curve’ was unmistakably negative. 

Both the remaining alternative structures should display the usual high acidity of 3- 
hydroxyxanthones 7 in view of thepara relationship of the hydroxyl and the carbonyl groups. 
It was expected, however, that Ic, with its hydroxyl function ortho to an inductively electron- 
withdrawing methoxyl group, would be more highly acidic than Ib. This hypothesis was 
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shown to be correct when tested on a series of model compounds and led to a simple analytical 
method for detecting the position of xanthone hydroxyl groups. 

The relative acidity of the phenolic hydroxyls on one of the four different positions of 
the xanthone skeleton can be conveniently asce&ned by comparing the U.V. absorption 
spectra of the substance in neutral medium with that in the presence of a weak base such as 
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FIGS. l-9. ULTRAVIOLET SPECIXA OF XANIIIONFS IN EtOH (-), EtOH + NaOH (------) 
mmEtOH+NaOAcc*....). 

sodium acetate.’ Such spectra are superimposable for I-hydroxyxanthones even when these 
derivatives have an additional oxygen function at the 2-position (Figs. 1 and 2). The spectra 
are still superimposable for 2-hydroxyxanthones which have no ortho substitution (Fig. 3), 
but when oxygen functions are present at C-l or C-3 slight hyper- or hypochromic effects 
appear, as shown in Fig. 4. Similar slight effects characterize the spectra of simple Chydroxy- 
xanthones (Fig. 5); when, however, these compounds are also substituted at C-3 batho- 
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chromic shifts of the principal maxima occur (Fig. 6). Such bathochromic shifts, usually 
somewhat more pronounced, are given by the 3-hydroxyxanthones (Fig. 7). It should be 
noted that in the NaOAc spectra of 3-methoxy4hydroxyxanthones and of Ihydroxy- 
xanthones the displaced K bands do not show enhanced intensity flable 1). Strong 
hyperchromic effects are, however, typical of 3-hydroxyxanthones which sustain additional 
oxy groups at the 2- or 4positions (Fig. 8, Tabk 1). Only one exception to this rule 

TABLE 1. -AUWN OPWA~AND-annwIcsENlxoFl?EKBANDalN~u.v.sracilu 
OFEMNto~(INEtOH)INI?lE -(iC)*ANDINTHB PIEWICB (IV) OF NaOAc 

l-OHt 
l-OH-2-OMet 
l-OH-3-OMet 
l-GH4OMet 
I-OH-7-Oh&’ 
l-OH-3,5diOMes 
l-OH-7,8diOMe9 
I-OH-5.tkliOMe9 
l-OH-3;4diOMet 
l-OH-3,7-diOM~‘~ 
l-OH-3,5,&riOMe” 

2-OHt 
1.7-diOH” 
1,2diOHt 
2-OH-l-OMe” 
2&H-3-OMet 
Q-diOH-3-OMet 
1 ,7-diOH-8-OMe9 
1,7diOH-3,6diOMet 

4&H” 
I&diOHt 
1,5diOH” 
S-OH-1,3diOMd 

0 

x 
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I 
0 
0 
0 

: 
0 

00 
0 

t 
: 
0 
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1-O 
1-o 
1-o 

1.0 1 &-diOH” 
1-o 1 AdiOH-S-OMe“ 

::i 

1,5diOH-3-OMe’ 

~;i&j 

4-OH-2,3-diOMti 
4-OH-2$OCH@ 
1 ,5diOH-6-OMe1‘ 

3-OHt 55 
1,3diOHt 47 
1,3diOH-7-OMe” 40 
1.3.~triOH5 26 
3-OH-l.S,&riOMe 50 

3-OH-2-OMet 
2,3-diOHt 
3-OH-l&diOMe’ 
2,3diOH-l-OMe’ 
3-OH-2.4-diOMo’ 
2.3-diOH4OMet 
3,4diOH-2-OMti 

3: 
66 
66 
50 

1;5,6-triOH’” 
1,3,8-triOH-7-Ohie’* 

56 
60 

ii 

+~inEtOHfrom28Oto35Onm; l 5OOOto17000. 
t These compotmds were synthesked in our laboratory by A. A. Lina Mcsquita and G. G. de Ohcira.~ 
: 1,5-Diiydroxy-6-(3*3onc. 
8 1,5-Dihydroxy-8-(3,3. 
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has -been observed. so far. Also l&lihydroxyxanthones give rise to strong batho- and 
hyperchromic spectral shifts upon addition of sodium acetate (Table 1). 

Comparison of the U.V. spectra in neutral and in sodium acetate media of the new xanthone 
isolated from K. rupestris showed a strong red shift typical of 3-hydroxyxanthones, un- 
Saccompanied by enhancement of intensity of the K band (Fig. 9). While the substancethus 
clearly sustains a hydroxyl which is conjugated with the carbonyl, the ortho positions to this 
hydroxyl must be free of substitution. In conjunction with the above-mentioned data, this 
fact is compatible. only with the structure of 3-hydroxy-1,5,6-trimethoxyxanthone (Ib). 

Confirmation of this proposal was obtained by comparison~of the NMR spectra of Ib 
and its monoacetate (Id). The expected paramagnetic shift, due to the introduction of the 
acetyl group, affected chiefly the bands attributed to the protons at C-2 and C-4. The 
original hydroxyl thus must be situated at C-3. 

(Ia) Rt = Rs = Me 
(Ib) R1 = H, Rs = Me 
(Ic) RI = Me, Ra = H 
(Id) RI = AC, Rs = Me 

EXPERIMENTAL 

Mps. were determined using a Kofler hot-stage microscope and are uncorrected. Separation by column 
chromatography was carried out using 50 times the weight ofthe mixture of Merck Kies&elO~O5-020 mm. 
TLC emoloved Merck Kieselael G. i.r. suectrawere determined in KBr pellets using a Perkin-Elmer Infracord 
model 137B spectrometer. &ly major bands are quoted. U.V. spe&a were &termined on 95% EtOH 
sohr., using a Beckman DU spectrophotometer. Additives (excess of NaOAc.3Hs0, AK& .6Ha0, or 2 
drops of 20 % NaOH )were introduced in equal amounts into the cell comaining the solution and the cell 
containing the blank. Mass spectra were obtained with an ABI instrument model MS-9, operating at an 
ionizing voltage of 70 eV. only peaks with an intensity of over 15% of the base peak are quoted. NMR 
spectra were taken in CDCl, solution with a Varian HA&l-IL instrument. 

Benzene extraction of the wood of Kielme.yera rup&ris. Isolation of &sitostetvl, 3-hyakoxy-1,2-dimethoxy- 
xantlme, 3-hyobxy-1,5,6mimethoxyxqnthonc, 44iydroxy-2,3-d&et~xyxanthone, 1,5-dihydroxp3-methoxy- 
&nthone, 5-hyakoxy-l$dimethoxyxanthone, 4-methoxy-2,3methyleneakyxonthone, 2-hydmxy-l-methoxy- 
xanthone. The powered wood (8.6 kg) was continuously ,extracted with hot bonxene. Removal of the solvent 
gave a residue (30 g) which was extracted with dil. Na&t&. The aqueous solution was acidified and the 
precipitate (65 g) which appeared was separated by filtration, dried and chromatographed on silica, giving 
various fractions with the indicated eluants: CHCl, (A,, Al in this order), CHCl,-MeGH, 99: 1 (A,), CHClo- 
MeGH, 98 : 2 (A,): 

A, was separated by fractional crystallixation from ethanol into 3-hydroxy-1,2dimethoxyxanthone (10 
me) and 3-hydroxy-1,5,6trimethoxyxanthone (8 mg): Al was crystallimd from ethanol, yielding 4-hydroxy- 
2,3_dimethoxyxanthone (9.mg): AS was crystallixed from ethanol, yielding 1,5dihydroxy-3methoxyxanthone 
(15 mg): A, was crystallixed from ethanol, yielding 5-hydroxyQdimethoxyxanthone (30 me). 

The Na&Gs-insoluble portion (23.5 g) was dried and chromatographed on silica, givhrg various fractions 
with the indicated eluants: light petroleum (b.p. 60-7O”~benxene, 1: 1 (B,), benxene @), benmm&HCls 
1: 1 GM, CHcll m. 

B, was precipitated with methanol yielding an aliphatic aldehyde, m.p. 9&91” (50 mg): BP was separated 
by fractional crystallixation from ethanol into &sitosterol (500 mg) and 2-hydroxy-1-methoxyxanthone 
(42 mg); Bs was recryatalli& from ethanol, yielding 4-methoxy-2,3-methylenedioxyxanthone (10 mg): 
B, was a mass from which nothing useful could be isolated. 

Ethanol extraction of the woodof K. rupestris. Isolation of @itostetd, 3-hyabxy-1,2&nethoxyxanthone, 
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3-hydroxy-1,5,6_trimethoxyxanthone, 2,6&nethoxy-1,4-benwquinone, 5-hydroxy-l,~~t~xyx~t~ne. 
The ground wood, after extraction with benzene, was then continuously extracted with hot ethanol. Removal 
of the solvent gave residue (90 g), which was extracted with hot CHCI,. The product (5 g) which remained 
after evaporation of the CHC& was chromatographed on silica, giving various fractions with the indicated 
eluants: benzene-CHClj 2: 1 (C,), 1: 1 (Cn), 1: 5 (Q, CHCl, (C,, C, in this order), CHCII-MeGH, 98: 2 
(Cs), 1: 1 0. 

C, was an oil composed of aliphatic esters (2 g): Cn was an oil composed of aliphatic esters (400 mg): 
CS was crystallixed from ethanol yielding ,!I-sitosterol(l5 g): C, was separated by fractional crystallization 
into 3-hydroxy-1,2-dimethoxyxanthone (20 mg) and 3-hydroxy-1,5,6&methoxyxanthone (22 mg): C5 
was crystallized from ethanol yielding 2,6-dimethoxy-1,4-benxoquinone (15 mg): Cs was crystallized 
from ethanol yielding 5-hydroxy-1,3_dimethoxyxanthone (40 mg): C, was washed with ether yielding an 
aliphatic alcohol, m.p. 288-291” (200 mg). 

3-Hydroxy-1,5,6-trimethoxyxonthone was obtained as colourless crystals, m.p. 246-248”, from EtOH. 
U.V. spectrum: Fig. 9, not affected by addition of AlC&. Gibbs test negative. NMR spectrum: ~3.73 and 
3.63, doublets, J = 2.5 I-Ix, 2-H and 4-H; ‘Z 3.04 and 2.02, doublets, J= 90 Hx, 7-H and 8-H; 7 5.87, 6.00 
and 605, singlets, three OCHS. 1.r. spectrum: 1621,1600, 1575, 1460, 1295, 1209, 1153,1110, 1070 cm-‘. 
Mass spectrum: m/e (%) 302 (lOO), 301(58), 286 (15), 273 (42), 271(15), 258 (21), 257 (17), 256 (29), 229 (35), 
69 (17), 64 (30), 57 (18), 55 (18). 44 (100). 

1,3,5,6_Tetramethoxyxanthone. 3-Hydroxy-1,5,6_trimethoxyxanthone (5 mg) was methylated with 
Me2SG,-KzCO1, yielding colourless crystals (3 mg), m.p. 142-144”, and mixture m.p., with an authentic 
sample of 1,3,5,6_tetramethoxyxanthone 142-145”.‘9 U.V. spectrum: &,.. 245, 285 inf., 305 run (e resp. 
38300,9440,17*140). 

1,5,6-Trimethoxy-3-acetoxyxonthone. 3-Hydroxy-1,5,6&methoxyxanthone (10 mg) was acetylated 
with A@-pyridine, yielding colourless crystals (8.5 mg), m.p. 210-213”. U.V. spectrum: &,, 243, 301, 
335 inf. run (e resp. 53~300,22~000,8~400). NMR spectrum: 7 3.63 and 346, doublets, J= 2.5 Hz, 2-H and 
4-H; 7 3.00 and 1.97, doublets, J= 90 Hz, 7-H and 8-H; 7 5.94 and 6.06, singlets, three GCHr, 7 7.58, 
singlet, one COCH,. 

2,6-Dimethoxy-l&benzoquinone. Found: m.p. 248-250”. Mass spectrum; m/e (“4 168 (88), 138 (33), 
125 (U), 97 (29). 80 (RIO), 69 (100). 1.r. spectrum: 1695, 1645, 1633, 1595, 1319, 1258, 1215, 1102 cm-*. 
U.V. spectrum: A,,,.,.. 288,385 nm (c resp. 12.800,600). Required: m.p. 250”,2O M 168. 

ZHydroxy-1-merhoxyxmrthone. Found: m.p. 171-172’, M 242. Required: m.p. 169-171”,” M 242. 
3-Hydroxy-1,2_dimethoxyxonthone. Found: m.p. 235-238”. M 272. Required: m.p. 236238”,’ M 272. 
4-Hydroxy-2,3-dimethoxyxanthone. Found: m.p. 218X20”, M 272. Required: m.p. 218219O,5 M 272. 
4-Methoxy-2,3+nethylenedioxyxonthone. Found: mp. 234236”, M 270. Required: m.p. 237-238’: M 
270. 5-Hydroxy-1,3-dimethoxyxonthone. Found: m.p. 262-264”, M 272. Required: m.p. 263-265”.5 M 
272. 3-Methoxy-1,5_dihydroxyxanthone. Found: m.p. 268-270”, M 258. Required: m.p. 269-271”: M 258. 
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