
J o d  of Natnral Products 
Vd. 5 3 ,  No. 6 ,  pp. 1463-1470, Nw-Da 1990 

1463 

SYNTHESIS OF MINOR XANTHONES FROM 
GA RCINIA MA NGOSTA N A  
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Department of C h i s t r y ,  National University of Singapwe, 10 Kent Rdge Cmscent, Singapwe 051 I 

ksmucr.-Reaction of 2,3,6-trimethoxybenzoic acid and phloroglucinol in the pres- 
ence ofP,O, and MeS03H afforded 1,3dihydroxy-5,8-dimethoxywnthone 1 9  which, on 3- 
methylbut-2-enyhcion followed by methylation, gave a mixture of the mono- and di-(3- 
methylbut-2-enyl)ranthones 2, 5,6, and 12. Whereas demethylation of xanthone 2 with hot 
aqueous morpholine yielded gartanin [I] and its 5-0-methylether 3, similar reaction of xan- 
thone 5 gave, in addition to the expected products 14 and 15, two 1,3,7,8-tetraoxygenated 
xanthones 16 and 17. Selective methylation of 14 gave the natural xanrhone 4. 

Various parts of the fruit tree Garcinia mangostana L. (Guttiferae) have been utilized 
in folk medicine ( l ) ,  notably in the treatment of wounds and skin infections, and man- 
gostin (2), the major metabolite, has been shown to possess significant antimicrobial 
properties ( 1,3). A large number of other prenylated xanthones have been found in the 
plant (4,5), including two unique 173,5,8-tetraoxygenated xanthones, gartanin El] (6) 
and the recently isolated xanthone 4 (7). 3-Methylbut-2-enylated xanthones contain- 
ing 1,3,5- (8), 1,3,7- (9) and 1,3,6,7-oxygenation (10) have been synthesized previ- 
ously. In this paper we describe the synthesis of 1 and 4,  as well as a Wessely-Moser- 
type rearrangement observed in the course of this work. A preliminary communication 
has been published (1 1). 

A direct approach to the synthesis of 1 and 4 would be the 3-methylbut-2-enylation 
of 1,3,5,8-tetrahydroxyxanthone. However, this xanthone has been obtained in poor 
yield by a circuitous method (12). A more viable starting material appeared to be 
isobellidifolin En, available from the condensation of 2 , 3,6-trimethoxybenzoic acid 
with phloroglucinol by the Grover, Shah, and Shah (GSS) procedure (13). 3-Methyl- 
but-2-enylation of 7 followed by demethylation (5) of the products should yield garta- 
nin El] as well as the desired tetrahydroxy precursor to 4.  

In our hands however, the GSS reaction gave as the major product 1,3,8-trihy- 
droxy-7-methoxyxanthone [lo), identified by its mp and spectroscopic data (14,15) 
and by conversion to 1,3,7,8-tetramethoxyxanthone Ell] (13). The minor product, 
mp 293-295', was assigned as 1,3-dihydroxy-5 ,8-dimethoxyxanthone f83 based on 
the following evidence. Its uv spectrum was indicative of 1,3,5,8-tetraoxygenation 
(141, and this was confirmed when methylation gave the known 1,3,5,8-tetramethoxy- 
xanthone [9] (13). The methoxyl groups were located by comparing the 'H-nmr 
spectra of 8 and its diacetate. The neighboring acetoxy groups caused strong deshield- 
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ing (16) of H-2 and H-4, while H-6 and H-7 remained unchanged. It is of interest to 
note that the mp and 'H-nmr spectrum of our synthetic xanthone are significantly dif- 
ferent from those of a compound isolated from Swwtiapetiolata and also assigned struc- 
ture 8 (17). 

The poor yield of this equally useful xanthone 8 from the GSS reaction prompted US 

to attempt the condensation of 2,3,6-trimethoxybenzoic acid and phloroglucinol by a 
more recent method using P205 and MeS03H (18). The reaction gave less resinous ma- 
terial, and the crude product, after recrystallizations from EtOH, afforded pure 8 in 
33% yield. 

Isoprenylation of 8 with l-bromo-3-methylbut-2-ene in the presence of NaOMe 
(8 )  resulted in a mixture which was found to be unstable to chromatography over Si gel. 
The crude product was therefore methylated with Me2S04 and separated by flash 
chromatography. Three compounds were eluted, and based on analytical and spectro- 
scopic data, they were assigned structures 2, 5, and 6. 'H-nmr spectroscopy showed 
compounds 5 and 6 to be mono-3-methylbut-2-enylated and to contain three and four 
methoxyls, respectively. Methylation of 5 gave 6. The site of the alkenyl group was es- 
tablished as C-2 from the l3C-nrnr spectrum of 6 (Table l ) ,  which displayed one di- 
ortho-substituted methoxyl carbon (6>60) (19). The 'H-nmr spectrum of the third 
product exhibited signals for two 3-methylbut-2-enyl groups, three methoxyls, and a 
chelated hydroxyl. The 13C-nmr chemical shifts of the methoxyl groups (Table 1) are in 
accord with this compound having structure 2. From the recrystallization mother liquor 
of xanthone 5, a fourth product, isomeric'with 5, was obtained in trace quantity byplc. 
This xanthone was assigned the 4-(3-methylbut-2-enyl) structure 12, as the aromatic 
singlet (H-2) appears upfield at 6 6.35 (20). 

As it is often difficult to distinguish between 2- and 4-(3-methylbut-2-enyl)- 1,3- 
dioxygemed xanthones, it is worth mentioning that the separation of the two 'H-nmr 

8 
(DMSO-dd 

163.0 
98.1 
165.0 
93.2 
141.3 
117.7 
105.4 
152.8 
180.8 
156.1 
110.7 
102.6 
146.4 

- 
- 

- 
- 

56.1 
56.4 

- 

TABLE 1. "C-nmr Spectra of Synthetic Xanthones. 

158.2 
107.2 
161.6 
109.5 
136.1 
121.0 
109.6 
153.9 
184.6 
152.5d 
105.8 
102.2 
142.9 
21.6 
121.9 
133.9 
25.8 
17.9 
- 

159.1 
112.7 
163.4 
117.3 
142.5 
117.5 
104.2 
153.e 
182.2 
151.9 
111.7 
106.6 
148.2 
22.6 
122.9 
131.6 
25.7 
17.8 
56.5 
57.1 
61.8 

161.4 
95.6 
164.4 
92.4 
141.9 
115.5 
105.4 
153.8 
175.2 
158.6 
108.5 
102.7 
146.8 
- 
- 
- 
- 
- 
55.7 
56.2 
56.8 
56.9 

157.9 
107.8 
161.7 
109.7 
140.1 
120.5 
108.7 
154.p 
184.8 
152.6d 
105.9 
102.3 
145.7 
21.9 
121.4 
134.4 
25.8 
17.9 
57.4 

157.9 
111.0 
164.7 
90.6 
137.3 
123.5 
109.2 
151.7 
184.0 
155.8 
107.5 
101.8 
143.4 
20.7 
121.8 
130.9 
25.5 
17.6 
56.4 

'Additional signals from second 3-mcrhylbut-2-enyl group (a'+'): 22.0, 122.9, 135.8, 25.7, 17.9. 
bAdditional signals from second 3-methylbur-2-cnyl group (a'+'): 22.7, 122.5, 132.0, 25.7, 17.9. 
'Additionalsignals fromsecood 3-methylbut-2-enylgroup(a'+'): 21.6, 121.5, 135.1, 25.8, 17.8. 
dhignmenrs in b e  sum column m y  be interchanged. 
'Not oburved. 
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17 
(MezCWd 

160.8 
111.7 
165.0 
94.4 

106.2 
123.0 
143.8 
150.4d 
185.7 
156.9 
108.4 
102.1 
151.4d 
21.9 

122.5 
131.8 
25.8 
17.9 
57.4 
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18 
(CW,) 

158.7 
120.6 
162.7 
94.4 

112.1 
119.3 
150.4d 
149. Id 
174.8 
156.8 
118.5 
110.6 
n.0. 
22.3 

122.7 
131.4 
25.7 
17.8 
55.8 
57.3 
61.1 
62.1 

7 R,=R,=R,=H, R,=Me 
8 R,=R,=H, R,=R,=Me 
9 R, = R,= R, =R,=Me 

10 
0-6) 

162.1 
98.2 

166.6 
94.1 

105.5 
121.2 
142.5 
149. Id 
183.8 
157.7 
106.9 
100.7 
148.7d - 
- 
- 
- 
- 

56.6 

10 R=H 
11 R=Me 

11 
(mu,) 

161.7 
95.6 

164.4 
92.4 

112.0 
118.8 
150.Zd 
149.4d 
175.2 
159.1 
118.5 
107.8 
149.0d - 
- 
- 
- 
- 

55.6 
56.3 
57.0 
61.7 

12 

6 
(CDCI,) 

158.6 
121.2 
162.5 
95.0 

141.9 
115.4 
104.9 
153.8 
174.9 
156.4 
114.5 
111.5 
147.0 
22.4 

122.8 
131.4 
25.7 
17.8 
56.0 
56.8 
56.8 
62.3 

singlets due to the side-chain methyl groups appears to be of diagnostic value. In the 
spectra of all the 2-(3-methylbut-2-enyl)-xanthones reported herein the separation is 
0.11-0.14 ppm, whereas the spectrum of 4-(3-methylbut-2-enyl)xanthone 12 shows a 
greater separation (0.18 pprn). A similar separation (0.18-0.20 ppm) is also apparent 
in the spectra of other 4-(3-methylbut-2-enyl)xanthones (2 1-23). 

Although a variety of reagents have been used in the selective demethylation of 
polymethoxyxanthones (24,25), only aqueous piperidine or aqueous morpholine ( 5 )  is 
eminently suited to effect such reaction involving 3-methylbut-2-enylated poly- 

14 
(MezCWi 

160.8 
111.9 
164.7 
94.5 

137.5 
124.2 
110.1 
154.1 
185.4 
156.5 
108.3 
102.6 
144.4 
21.9 

123.0 
131.7 
25.8 
17.9 
- 

TABLE 1. (Continued). 

5 
(CDCI,) 

159.5 
111.6 
163.7 
89.2 

141.7 
116.1 
104.1 
153.3d 
180.9 
154.y 
n.0.' 

104.0 
147.1 
21.4 

122.2 
131.7 
25.8 
17.8 
56.0 
56.6 
56.9 

15 
(DMso-dd 

158.9 
110.6 
164.3 
93.6 

139.5 
120.8 
108.7 
152.7 
183.4 
155.0 
107.2 
100.9 
144.4 
20.8 

121.9 
130.7 
25.4 
17.6 
56.6 

16 
(Me*CWd 

160.7 
111.5 
164.9 
94.3 

106.8 
124.2 
141.1 
149.6d 
185.5 
157.1 
108.2 
102.1 
147.9 
21.8 

123.0 
131.6 
25.8 
17.9 - 
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methoxyxanthones. Treatment of xanthone 2 with aqueous morpholine at 145" for 7 
days gave, in addition to the expected gartanin El], a trihydroxymethoxyxanthone 
which showed two chelated hydmxyl pmtons in its 'H-nmr spectrum. The third hydroxyl 
was placed in the 3 position because the uv spectrum showed a bathochromic shift of the 
long-wavelength band on addition of NaOAc. Thus, the second product was 5-0- 
methylgartanin {31. 

Similar demethylation of the 2-(3-methylbut-2-enyl)xanthone 5 yielded a mixture 
which was separated by normal and centrifugal plc into four products. Analytical and 
'H-nmr data indicated that two of the compounds were fully demethylated, mono- 
prenylated xanthones. Only one of these contained a quinol moiety as indicated by a 
positive gosseypetone test (26). This compound was therefore 1,3,5,8-tetrahydmxy-2- 
(3-methylbut-2-eny1)xanthone C14). Selective methylation of 14 gave the natural 
product 4, identified by comparison of its diacetate with an authentic sample. The uv 
spectrum of the second tetrahydroxyxanthone indicated a 1,3,7,8-oxygenation pattern 
(14), suggesting structure 16. This was confirmed by total methylation to give a tetra- 
0-methyl derivative 18 that displayed two di-ortho-substituted methoxyl carbons in 
its 13C-nmr spectrum. Based on their 'H-nmr and uv spectra, the remaining two prod- 
ucts were assigned as the 5- and 7-0-methyl derivatives 15 and 17. Total methylation 
of 17 also yielded 18. 

The isolation of xanthones 16 and 17 from the reaction of 5 with hot aqueous mor- 
pholine could only be explained if ring-opening to an intermediate benzophenone 13 
had occurred. Re-cyclization of 13 could then result in a mixture of 1,3,5,8- and 
1,3,7,8-tetraoxygenated xanthones as shown in Scheme 1. This is not unlike the 
mechanism proposed for the Wessely-Moser rearrangement of 1,4-dihydrooxy-7- 
methoxyxanthone to 1,2,7-trihydroxyxanthone in the course ofdemethylation with HI 
(27). 

To explore this rearrangement, both 1,3,5,8- and 1,3,7,8-tetramethoxyxanthones 
9 and 11 were separately subjected to similar treatment with aqueous morpholine. 
Both reactions yielded complex mixtures which appeared almost identical on tlc. The 
mixtures were simplified by methylation with excess Me,S04. The products of each 
reaction were found to contain low yields of both 1,3,7,8- and 1,3,5,8-tet- 
ramethoxyxanthones in approximately the same ratio (7: 1 by 'H nmr). 

I l3 & B , O W  

' 0  \ A  ' 0  ' Ra 
BO 

16 R,=R3=R7=R,=H 
17 R,=R3=R,=H, R,=Me 
18 

14 R=H 
15 R=Me R, = R, = R,=R,=Me 

SCHEME 1 
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Because cyclization of 2,2'-dioxygenated benzophenones to xanthones is well- 
known to be catalyzed by hot aqueous organic bases (24), our observations imply that 
this reaction is reversible under these conditions. Consequently, 1,2(or 7,8> or 1,4(or 
5,8)-dioxygenated xanthones may undergo rearrangement in hot alkaline media. 

EXPERIMENTAL 
GENERAL EXPERIMENTAL PROCEDURES.-IJ~~~S otherwise stated, uv-visible spectra were mea- 

sured in EtOH with a Shimadzu UV-240 spectrophotometer, and 'H- and 13C-nmr spectra were deter- 
mined in CDCI, dutions with a JEOL FX-WQ E spectrometer. Mass spectra were recorded at 70 eV 
with a VG Micromas 7035 instrument. PIC was conducted using Merck Kieselgel60 glass-backed plates 
(0.5 mm layer) and on a Chrormrotron (Harrison Research, California) (2 mm layer). Hexane refers to the 
fraction of bp 64-68'. Elemental analyses were carried out by the Microamlyrical Laboratory, National 
University of Singapore. 

&ACTION OF 2,3,6-TFSMETHOXYBENzolC ACID WITH PHLOROGLUCINOL.&ftWW, Shah Und 

Shah conditiotu (13,28).-A mixture of 2,3,6-trimethoxybenic acid (29) (6.4 g, 30 mmol), phloro- 
glucinol (6.3 g, 50 m o l ) ,  freshly fused X I ,  (13 g), and POCI, (30 ml) was heated at 75" for 2.5 hand 
then poured into ice-H20. The product, after drying, WBS extracted with hot EtOAc to yield a red-brown 
solid which was separated by Bash chromatography. Elution with hexane-EtOAc (1: 1) gave 1,3,8-trihy- 
droxy-7-methoxyxulthone 1101 (1.1 g): mp 298-30O0 (EtOH) [lit. (13) 3000); uv A rnax (log E) 370 (sh), 
332 (4.12), 315 (sh), 262 (4.34), 236 (4.33); +NaOAc 360 (4.29), 268 (4.26), 262 (4.24), 235 nm 
(4.42); 'Hnmr(CDC13/DMSO-d~63.91(3H,s,0Me),6.21, 6.32(1Heach,d,]= 1.9Hz,H-2,H-4), 
6.83,7.30 (1H each, d,]=9.1 Hz, H-5, H-6), 11.83, 12.10 (1H each, s, 8 4 H ,  1 4 H ) .  Tri-0-methyl 
derivative 11: mp 168" [lit. (13) 166-1670). Further elution gave 1,3dihydroxy-5,8dimethoxyxul- 
thone [8](0.3g): mp292-295"(EtOH)[lit. (17) 192.5-194.50);uvArnax(log~) 365 Oh), 330(4.11), 
273 (4. l l) ,  248 (4.43), 240 (sh); +NaOAc 354 (4.21), 272 (4.18). 249 (4.46), 240 nm (sh); 'H nmr 
(CDCI3IDMSO~~63.96,3.97(3Heach,s ,2XOMe),6.27,6.43(lHeach,d,J=2.0Hz,H-2,H-4) ,  
6.71, 7.20(1Heach,d,]=9.2Hz,H-7,H-6), 10.15(lH,s,3-OH), 13.22(1H,s, 1-OH);msdz288 
(100%), 273 (32), 271 (13), 259 (69), 257 (36), 245 (18), 244 (26), 242 (12), 229 (11). Anal. calcd for 
C15H1,06, C 62.50, H 4.20; found C 62.46, H 4.16. Di-0-methyl derivative 9: mp 2 10-212"[lic. (13) 
2 100); diacetate, mp 196"; 'H nmr 6 2.33, 2.48 (3H each, s, 2 X MKO), 3.93, 3.94 (2 X OMe), 6.69, 
7.16(1Heach,d,J=9.1Hz, H-7, H-6),6.78,7.31(1Heach,d,]=2.3Hz,H-2,H-4);msm/z[M}+ 
372.0846 (calcd for C1&1608, 372.0845) (14%), 330 (92), 270 (loo), 259 (52). 

In tbcpruenre of P,O,/McSO,H (18).-A mixture of P205 (5 g) and MeS03H (35 ml) was heated for 45 
min on a steam bath, and to this was added phloroglucinol (2.5 g, 20 mmol) and 2,3,6-trimethoxybenzoic 
acid (2.1 g, 10 mmol). Heating was continued for a further 25 min, and the viscous residue was poured 
into ice-H,O. The product, after drying, was extracted repeatedly with hot EtOAc (9 X 100 ml). T h e  ex- 
tract, on concentrating to a small volume (100 ml), deposited a yellow solid which was filtered and washed 
with cold EtOAc (30 ml). Three recrystallizations of the solid from aqueous EtOH afforded pure 1,3di- 
hydroxy-5,8dimetho~pnthone [8] (0.95 g), mp and mmp 293-295". A further quantity of this xan- 
thone (0.3 g) was obtained h m  the filtrate by flash chromatography using hexane-EtOAc (1: 1) as eluent. 

3-METHYLsUT-2-ENYLATlON O F  XANTHONE 8.-Following the published method (8), xanthone 
8 (8.35 g, 29 mmol) in dry MeOH (120 ml) was treated with a solution of NaOMe (100 ml, from 10.5 g 
Na) and l-bromc-3-methylbut-2-ene (14 ml, 12 1 mmol) under N,. The solution was heated at reflux for 3 
h, then concentrated to dryness in vacuo and the residue acidified with 50% HCl(90 ml). The precipitate 
was filtered off, washed thoroughly with H,O, and dried under vacuum over P,O,. To the dried solid 
(12.8 g) in Me,CO (150 ml) was added anhydrous K,C03 (18 g) and Me,S04 (1 1 ml), and the mixture was 
stirred and heated at reflux for 20 h. After filtration and evaporation of the solvent, the red gum (10.5 g) 
that remained was divided into two portions and subjected to flash chromatography. Elution with hexane- 
EtOAc (3: 1 to 1: 1) gave the following three compounds. 

1 -Hydw~-3,5,8-trinrrthoxy-2-(3-methyIbrrr-2~yI)xanrhac [5].-Pale yellow plates (wt 1.05 g): mp 
167-169" (aqueous EtOH); uv A max (log E) 370 (sh), 325 (4.08), 277 (4.33), 250 (sh), 244 nm (4.44); 
'Hnmr6 1.67, 1.79(3Heach,s,MeZC), 3.34(2H, brd,CH2),3.90(3H),3.96(6H)(eachs,3XOMe), 
5.24(1H, brt,CH),6.49(1H,s,4-H),6.67,7.14(1Heach,d,J=8.9Hz,H-7,H-6), 13.22(1H,s, 1- 
OH). Anal. calcd for C2,H,,06, C 68.09, H 5.99; found C 68.22, H 5.88. 

l-Hydmxy-3,5,8-trimerhoxy-2,4-di-(3-methylbrrt-2ayI)-xanthone [2).-Light yellow needles (wt 
0.84 g): mp 108-110°(aqueous MeOH); uv A max (log E) 342 (4.08), 276 (4.34), 255 (4.50), 238 nm 
(4.43); 'H nmr 6 1.69 (6H), 1.80 (3H), 1.85 (3H) (each s, 2 X Me&), 3.41, 3.54 (2H each, br d, 
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2xCH2),  3.81, 3.92, 3.97(3Heach,s, 3XOMe), 5.30(2H, brt ,2XCH) ,6 .67 ,7 .17 ( lHeach ,d ,  

(14), 367 (14), 313 (23), 51 (23). Anal. calcd for CZ6HwO6, C 71.21, H 6.90; found C 71.29, H 6.88. 
Methylation gave tetra-0-methylgartanin, mp 874?9'(hexane) [lit. (6) 857, with 'H-nmr datacompara- 
ble to that reported (6). 

I ,3,S,8-Terranrcrhoxy-2-(3-nrcthylbut-2~yl)~nr~ f6].--CoIorIess needles (wt 0.3 g): mp 162- 
164' (aqueous EtOH); 'H n m r  6 1.67, 1.79 (3H each, s, 2 X Me&), 3.38 (2H, br d, CH,), 3.9 1, 3.93, 
3.94, 3.97(eachs,4xOMe), 5.17(1H, brt,CH),6.73(1H,s,4-H),6.68,7.10(1Heach,d,]=9.0 
Hz, H-7, H-6). Anal. calcd for CZ2H24O6, C 68.74, H 6.29; found C 68.62, H 6.2 1. 

From the mother liquor from the recrystallizations of xanthone 5 a minor product was obtained by plc 
[hexane-EtOAc, (2: 111. l-Hydroxy-3,5,8-trimerhoxy4-(3-methylbut-2-enyl)xanthone 1121 crystallized 
from aqueous EtOH as fine yellow needles: mp 167-169'; uv A max (log e) 340 (4.13), 315 (sh), 274 
(4.17), 252 (4.43), 238 nm (4.34); 'H nmr 6 1.67, 1.85 (3H each, s, Me&), 3.5 1 (2H, br d, CH,), 3.90, 
3.92, 3.97 (3H each, s, 3 X OMe), 5.27 ( lH,  br t, CH), 6.35 ( lH,  s, H-2), 6.67, 7.16 (1H each, d, 

]=9.0 Hz, H-7, H-6), 13.3 (IH,  s, 1-OH); m s d z  370 (79%), 3.55 (loo), 337 (U) ,  315 (18). Anal. 
calcd for C&,& C 68.09, H 5.99; found C 68.23, H 5.72. 

morpholine (12 ml), and H 2 0  (3 ml) sealed under N, in a glass tube were heated at 140-145' for 7 days. 
The cooled solurion was poured into ice-cold 2 M HCI (50 ml), and the precipitate was filtered, washed 
with H,O, and dried. Separation of the products on plc developed with hexane-EtOAc (3: 1) yielded 1,3,8- 
trihydroxy-5-methoxy-2,4di-(3-methylbut-2-enyl)xanthone [31 (135 mg) as yellow needles (hexad 
CH,CI,): mp 137-139'; uv A max (log E) 357 (4.19). 318 (sh), 283 (4.43), 238 (sh); +NaOAc 379 
(4.35), 284 (4.40), 240 nm (sh); 'H nmr 6 1.76 (6H), 1.86 (3H), 1.88 (3H) (each s, 2 X Me,C), 3.12, 
3.19 (2H each, br d, 2 X CH,), 3.92 (3H, s, 5-OMe), 5.26 (2H, br t, 2 X CH), 6.57 ( lH,  s, 3-OH), 

C24H2606, C 70.23, H 6.38; found C 70.25, H 6.25); and gartanin fl] (128 mg), mp and mmp 167- 
169', with uv and 'H-nmr spectra in agreement with published data ( 5 ) ;  tetra-0-methyl derivative, mp 
87-89'Ilit. ( 5 )  857. 

DEMETHYLATION OF XANTHONE S.-Xanthone 5 (655 mg) was similarly treated with mor- 
pholine (18 ml) and H,O (2 ml) and worked up as described above. Analytical tlc hexane-EtOAc (1: I)] of 
the crude product showed a spot at RfO. 18 and two unresolved spots at RfO. 37. The mixture was separated 
by plc to yield pure 1,3,5,8-tetrahydroxy-2-(3-methylbut-2-enyl)xanthone [14] (136 mg) as yellow- 
brown rods: mp 260-262' (aqueous MeOH); uv A max (log E) 346 (4.18), 3 17 (sh), 282 (4.39), 255 (sh), 
239nm(sh); 'Hnmr[(CD3),CO]6 1.66, 1.79(3Heach,s,MeZC),3.36(2H, brd,CH,), 5.27(1H, brt, 

OH, 1-OH); ms d z  328 (76%), 313 (38)' 285 (66), 273 (loo), 260 (12), 149 (13). Anal. calcd for 
C18H1606, C65.85, H4.91;foundC65.57, H4.78. Thelesspolarband(235 mg)atRf0.37wassepa- 
rated on a Chromatotron using gradient elution with hexane-CH2C1, (1: 1) to 100% CH,CI, to give the 
following three compounds. 

I ,3,8-T~~droxy->-nrctboxy-2-(3-nrrthylbrrt-2~yl)~r~ fl5].-Yellow prisms ( 5 5  mg): mp 246- 
249'(MeOH);uvAmax(log~)375(sh), 343(4.03), 330(sh), 279(4.21), 250(sh), 240(4.30); +NaOAc 
372(4.10), 278(4.20), 238nm(4.36); 'Hnmr[(CD3),C016 1.65, 1.66(3Heach,s,Me2C), 3.37(2H, 
br d, CH,), 3.94 (3H, s, 5-OMe), 5.28 ( lH,  br t, CH), 6.58 ( lH,  s, 4-H), 6.68, 7.42 (1H each, d, 
]=9.2Hz, H-7, H-6), 11.36, 12.23(1Heach, s,8-OH, l-OH);msdz342(92%), 327(47),299(72), 
287 (loo), 271 (63). Anal. calcd for ClgH1806, C 66.66, H 5.30; found C 66.48, H 5.19. 

I , 3 , 8 - T r i b y d r o x y - 7 - m - 2 - ( 3 - ~ ~ l b ~ t - 2 ~ l ) ~ n r ~ ~  il7l.-Yellow needles (85 mg): mp 
195-197°(aqueousMeOH); uvAmax(loge)385 (3.60), 327(4.20), 271(4.41), 264(4.39), 240(4.41); 
+NaOAc 372 (4.25), 271 (4.44, 263 (4.41), 239 nm (4.46); 'H nmr (CDCI,/DMSO-dd 6 1.68, 1.80 
(3H each, s, Me2C), 3.36 (2H, br d, CH,), 3.92 (3H, s, 7-OMe), 5.27 ( lH,  br t, CH), 6.42 ( lH,  s, HA), 
6.79, 7.23(1H,each,d,J=9.1Hz,H-5,H-6),9.94(1H, brs, 3-OH), 12.12, 12.29(1Heach,s,8- 
OH, 1-OH); ms d z  342 (84%), 327 (25), 299 (94), 287 (100). Anal. calcd for C1&Il8O6, C 66.66, H 
5.30; found C 66.48, H 5.07. Triacetate, pale yellow needles (aqueous MeOH): mp 187-189'; 'H nmr 6 
1.67(3H), 1.74(3H), 2.34(3H), 2.45(6H), 3.25(2H), 3.88(3H), 7.15(1H,s,H-4), 7.33(2HVs,H- 
5 ,  H-6); ms d z  [M}+ 468.1422 (calcd for C25H2409, 468.1420) (4%), 426 (loo), 384 (66), 341 (a), 
329 (28), 299 ( 5  l), 287 (67). Tri-0-methyl derivative 18: mp 15 1-152"; uv A max 354, 305 (sh), 286, 
246 run; 'H nmr 6 1.67, 1.80 (3H each, s, Me,C), 3.39 (2H, br d, CH,), 3.90 (9H, s, 3 X OMe), 4.00 
(3H,s,OMe), 5.18(1H, brt ,CH), 6.57(1H,s,H-4),7.07, 7.25(1Heach,d,]=9.3Hz, H-5,H-6). 
Anal. calcd for C22H2406, C 68.73, H 6.29; found C 68.70, H 6.33. 

]=9.2 Ht, H-7, H-6), 13.25 (IH, S, 1-OH); m~ d z  438 (61%), 396 (22), 395 (loo), 383 (70), 369 

DEMETHYLATION OF XANTHONE 2 WITH AQUEOUS MORPHOLINE (S).-Xanthone 2 (543 mg), 

6.68,7.21(1Heach,d,]=9.0H~,H-7,H-6), 11.50, 12.32(1Heach,~,8-OH, l-OH)(Anal,calcdfor 

CH),6.56(1H, 2, HA), 6.61, 7 . 2 8 ( 1 H ~ h , d , J = 8 . 9 H ~ , H - 7 , H - 6 ) ,  11.23, 12 .27 (1H=h ,~ ,  8- 
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1 ,3 ,7 ,8 -T~r~droxy -2 - (3 -~~lbrr t -2y l )urn l thone  [16).-Yellow needles (80 mg): mp 202-204' 
(C6Hdhexane); uv A max (log e) 392 (3.73), 324 (4.25), 271 (4.45), 266 (4.43), 240 nm (4.43); 'H nmr 
[(CD3),CO] S 1.66, 1.79 (3H each, s, Me,C), 3.33 (2H, br d, CH,), 5.26 ( lH,  br t, CH), 6.44 ( lH,  s, 
H-4), 6.81, 7.27(1Heach,d,]=8.9Hz, H-5, H-6), 7.95,9.99(1Heach, brs, 3-OH,7-OH), 11.83, 
12.16 (1H each, s, 8-OH, 1-OH); ms d z  328 (73%), 313 (32), 285 (59), 273 (loo), 272 (41). Anal. 
calcd for CI8Hl6O6, C 65.85, H 4.91; found C 65.93, H 4.84. Methylation with Me2SO4/K2CO3 gave a 
product identical (uv, mmp, 'H nmr) with xanthone 18. 

SELECTIVE METHYLATION OF XANTHONE 14.-A mixture of 14 (90 mg, 0.28 m o l ) ,  
(55 mg, 0.43 mmol), and anhydrous K2C03 (0.2 g) in Me,CO (8 ml) was heated at reflux for 12 h. The 
products were separated by plc (hexane-EtOAc, 3: 1) to  give the following two compounds. 

1,5,8-Trihydmxy-3-methoxy-2-(3-mrthylbrrt-2-nryl)xntbone [4).-Yellow-orange needles (aqueous 
EtOH): mp 205-207'(softens at 1904 [lit. (7) 193-1959; uv A max (log E) 398 (3.60), 336 (4.00), 3 14 
(3.95), 282 (4.37), 256 (4.31), 242 nm (4.27). unchanged on addition ofNaOAc; 'H n m r  (DMSO-d,) 6 
1.62, 1.7 1 (3H each, s, Me,C), 3.17 (2H, br d, CH,), 3.91 (3H, s, 3-OMe), 5.11 ( lH,  br t, CH), 6.62 
( lH,  s, HA), 6.70,7.24(lHeach,d,]=8.8Hz, H-7, H-6), 9.66(1H,s, S-OH), 11.06, 12.01(1H,s, 
8-OH, 1-OH); ms m/z  342 (79%), 327 (50), 299 (81), 287 (loo), 274 (16). Anal. d c d  for C19H,,0~, C 
66.66, H 5.30; found C 66.49, H 5.47. Diacetate (prepared using two equivalents ofAc,O and stirring 
overnight at 304, pale yellow needles (aqueous EtOH): mp 20&208'[lit. (7) 172-175q; uv A max (log e) 
365 (sh), 324 (4.23), 266 (4. l l ) ,  255 (sh), 241 nm (4.45); 'H nmr 6 1.68, 1.78 (3H each, s, Me,C), 
2.28, 2.29 (3H each, s, 5- and 8-MeCO), 3.23 (2H, br d, CH,), 3.92 (3H, s, 3-0Me), 5.19 ( lH,  br t ,  
CH), 6.34 ( lH,  s, HA), 6.94, 7.43 (1H each, d, ] = 8.7 Hz, H-7, H-6), 12.79 ( lH,  s, 1-OH); ms d z  
426 (46%), 384 (38), 371 (34), 342 (54). 329 (34). 327 (41), 299 (76), 287 (100). Anal. calcd for 
C,,H2,08, C 64.78, H 5.20; found C 64.49, H 4.99. This compound was identical (uv, tlc, 'H nmr) to 
an authentic sample. 

1,8-Dihydroxy-3,5-di~t~xy-2~3-~thylbrrt-2-enyl)xntho~.-Yellow needles: mp 182-184' 
(MeOH);uvArnax(loge)390(3.64), 335(4.03), 315(4.00), 282(4.38), 255(4.34),242nm(4.32);'H 
nmr6 1.69, 1.80(3Heach,s,Me2C), 3.34(2H, brt,CH,), 5.21(1H, brt ,CH),6.53(1H,s,H-4),  
6.67, 7.19 (1H each, d,] = 8.9 Hz, H-7, H-6), 11.47, 12.04 (1H each, s, 8-OH, 1-OH); ms m/z [MI+ 
356.1268 (calcd for C20H2006r 356.1260) (80%), 341 (53), 313 (92). 301 (loo), 285 (31). This com- 
pound was identical (mmp, uv, 'H nmr) to a xanthone isolated from the methylated extract of G. mango- 
jtana leaves (30). 

DEMETHYLATION OF 1,3,5,8-TETRAMETHoXYXA"ONE [9].-Xanthone 9 (110 mg) was 
similarly heated with morpholine (4 ml) and H 2 0  (1 ml) at 150" for 7 days and worked up as described for 
xanthone 2. The dried precipitate was treated with excess in refluxing Me,CO for 15 h in the pres- 
ence of anhydrous K,CO,, and the products were separated by plc, using EtOAc-hexane (1.5: 1) (two de- 
velopments). The major band at RfO. 28 gave 1,3,7,8-tetramethoxyxanthone 111) (7 mg), identified by its 
'H-nmr and uv spectra, tlc, mmp 167-168'. A band at RfO. 11 gave unreacted starting material 9 (1 mg), 
identified by uv and 'H nmr. 

DEMETHYLATION OF 1,3,7,8-TETRAMETHOXuTHONE [Ill.-Xanthone 11 (110 mg) was 
reacted with aqueous morpholine as described above. The methylated products were similarly separated by 
PIC and gave chiefly the starting xanthone 11 (5 mg), with 1,3,5,8-tetramethoxyxanthone [9] in trace 
amount, both identified by tlc, uv, and 'H nmr. 
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