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Abrbut--Mach&, 1.3.5.6 utd 1,3.6.7-tctr&ydroxythonu coexist in Syq&nia gbbuli/cl 
L. from Buganda The biowic si@icansc of this observation is discused. 

IT HAs been previously suggested *ea that maclurin (I; R = OH) is the biogenetic 
precursor of the 1,3,5,6- and 1,3,6,7-tetraoxygenated xanthoaes (e.g. II and III; 
R = OH) which occur in higher plant families such as Guttiferae’ and Moraoeae.’ 
Thus cyclization of the benzophenone (I; R = H or OH) by oxidative coupling 
involving the OH group at C-2 with the aromatic nucleus at either G2’ or C-6’ can 
yield xanthones (II and III; R = H or OH). We now report the isolation of maclurin 
(I; R = OH), 1,3,5,6 and 1,3,6,7-tctrahydroxyxanthone (II and III; R = OH) in 
considerable quantities from an acetone extract of the heartwood of Symphonia 

globdfj2ru L. (Guttiferae).’ Hitherto these metabolites have not been found 
togetheri** However, 1,3,6,7-tctrahydroxyxanthone (III; R = OH) is present as an 
impurity in commercial macluriP (I; R = OH) and this benzophenonc also cyclizes 
in cirro to the xanthone (III; R = OH) by chemical or photochemical oxidation.@*Y 

The significance of these observations follows from a statistical analysis of natural 
xanthones found in higher plants (Table I). The oxygenation patterns suggest that 
one benzene ring of the xanthone nucleus is derived from a shikimate unit which alter 
moditkation condenses with a polyacetate unit1+4*s to give a benzophenone precursor 
such as rnaclurin (I; R = OH). By oxidativc coupling (according to scheme I), 5 or 
7-oxygenated xanthones (II and III; R = H or OH) c8n be expected. An inspection 
of Table 1 supports this prediction especially since oxygen functions are not often 
found in the same molecule at both C-5 and C-7 positions of the xanthone nucleuss 

Celebixanthone (VI)e and other 2,3&oxygenated xanthones’ (equivalent to 

l Part V: B. Jackson, H. D. Lock&y and F. Scheinmann, J. C&m. Sac. (C). in the press. 1967. 

1 M. L Wolfram, F. Komitsky. G. Fracnkcl, J. IL Looker, E. E. Dickey. P. McWain. A. Thompson, 
P. M. Mundell and 0. M. Windrath. 1. Am. Chem. Sot. 29,692 (1964). 

~~J~~rudF.Schdnrmnn.Narure,Lond.#n,1193(1%5); *A.JctTason~F.Schdnmmn, 
1. Chem. Sac. (C), 175 (1966); l H. D. Locksky. I. Moore urd F. w, Ibid. (C).430 (1966); 
‘Ii. D. Locksky. 1. Moored F. Scheinmmn. Ibid. (C). 2186. (1966); 226s. (1966). 

a We have previously isottcd eight wthonca from Symphonbg&bnl+ra L.. from extractions with 
chloroform or benzene which did not yield mrlurin. Sac Refs. k md zd. 

’ J. R. Lewi, and R. IL W-on, /. Ckm. Sac. 5074 (1964). 
’ K. R. Mtihun. Tetrahruhn 21.3687 (l%S). 
’ G. IL Stout, V. F. Stout md M. 1. We&, Temaheahn 19, 667 (1%3). 
’ 0. R. Gottlicb, M. Tavcira MagaWks. M. Camcy. A. A. Lins Mcsqui~ xnd D. de Barros Corra, 

Tetrohedmn 22, 1777 (I 966). 
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5,6,7sxygenated xanthones) appear as exceptions but the oxygenation pattern can be 
understood ifit is recognised that the benzophenone precursor (IV) contains one ring 
derived from gallic acid. In such a case, C-2’ and C-6’ in the benzophenonc (IV) are 
equivalent and oxidative coupling can only lead to a 5,6,7sxygenated xanthone (V). 

~J$J$:-~O+JJ 

OH OH 
IV V 

R=H or OH 

HO 

VI 

Since, the xanthones from Gentiuno bellidi/olia (Gentianaceae) have oxygen func- 
tions at either the 5,8- or the 7,8- positions it has been suggested0 that an alternative 
mode of cyclization of a benzophenone precursor (VII) can account for both 
oxygenation patterns. Thus elimination of the elements of water (probably as 
pyrophosphate) from the OH groups at either C-2 and C-2’ or C-2 and C-6’ can lead 
to either 5.8- or 7,8-oxygenated xanthones (VIII) and IX (Scheme 2). Some xanthones 
from Guttifcrae may also be formed in this way (see Table I). 

’ Sa Ref. 5 and previous papers of that series. 
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TABLJZ 1. Su -N PAllERN OF NATURAL XANTHONES Ih’ HKiHFJI PUhls 

PIMI 
Family C-l C-2 C-3 C4 C-S C-6 C-7 C-8 Ref. 

,_ -_ ..- ___. _.. __ _ -- 
Z-Hydroxyxanfhonc* 
2-Mcthoxyxanthonc* 
QHydroxyxanthonc. 
EtUUlllholK 
1.5-Dihydroxyanthone 

Scriblitifolic acid 
6(6Hydroxy-3-mcthyl- 

butanyl)l-SJihydroxy- 
xanthonc 

G+Hydroxy-Emcthylbut- 
Zenyl)l&dihydroxy- 
XMlhOlE 

~3,EDimcthylallyl) 
l,S-dihydroxyxanthonc 

1,5,6_Trihydroxyxanthonc 

Mbarraxanlhonc 

2_(3.3-Dinwhylallyl) 
1,3.7-trihydroxyxanthonc 

OH 
OMC 

OH 
OH 

OH 

- (‘O,li 

OH 
OH 

OH 

II 
12.13 
28 
2c. 14 
28.16 

16 

0 OH OH 16 

0 OH OH 

dw, 
J-L,” 16 

OH 

OH 

OH 

OH 

OH 

OH 

OH 

OH 

16 

?C 

2d 

0 OH OH OH 16 

4 6 

C 
C 

0 

OH 

- 4 c 0 

l 
OH OMc 
OH OH 

OH 

OH 
OMC 

OH - 
.-. 

OH OH 

16, 17 

22 
22 

16 

6-Dcsoxyjxarcubin 0 OH OH 16 

0 OH 

U OMe 

0 OH 

0. b OH 

OH OH 

OMe 

OMc 

OH 

OH 

OH 

OH OH OH 

16 
2c. 2d 

7 

7 

tc. 18 

Jacarcubin 0 OH OH OH IS, 16. 19 

0 OH 
-\ , OH OH OH I5 

Osajaxanthonc 

Gcntisin 
Isogcnthin 
2_(3.EDimcthy&llyl) 
1.3.5~trihydroxyxanthone 

1.3.5.6Tctrahydroxy- 
xanthonc 

5-Hydroxy-1,3dimethoxy- 
xanthonc 

1,5-Dihydroxy-Emcthoxy- 
xanthonc 

1.3,6.7-Tetrahydroxy- 
xanthonc 

2-(3,3_Dimcthylallyl) 
I,3,5,6tetrahydroxy- 
xanthone 
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TABLE 1 (Cont’d). 
- -_ 

plant 
Family Cl C-2 c-3 C-4 C-S C-6 C-7 C-8 Ref. 

-_ ._-- -. -- -. _ 

UgUMthoCbC 

3,5.&Trihydroxy-l- 
mthOXyXMthOfZ 

0 OH OH 

AhX.anthone 

a 

0 

OMe 

OH d-- OH 

b OH 

symphoxanthonc 0 OH OH 

Globuxanthonc 

uAngostin 

Mlngifcrin 

CeIibixanthonc 
3+Dihydroxy-zmcthoxy 
WthOIK. 

OH 

OH 

OH 

OH 

OH 

,‘I OH 

Ggluc OH 

CMcthoxy-LEmuhyknc- 

dioxyxanthonc* 

4-Hydroxy-2,3-mcthykne- 
dioxyxanthonc* 

2JDimethoxyChydroxy 
xanthonc* 

Bellidifolin 
Isobdlidifolin 
Dumcthylbcllidifolin 
Mcthylbcllidifolin 

(Swerchirin) 
Cotymbifain 
swtrtianol 
Daassitin 
Swertinin 
4.7-Di-O-mcthylbcllidin 
2.&Dihydroxy+mechoxy- 

xanthonc. 
I-Hydroxy-7.8-dixy- 

xanrhonc 

0 

a 

0 

C 

c 
C 

C 

C 

c 
C 

C 

c 

a 

OH 
OH 
OH 

OH OMC OMc OH 8 
OH OH OMe OMe OH 8 
OH OH OMe OH? 22 

OMc OMc OMc OH 22 
OMc OMe OH OH 22 
OH OH OMe OMe OH 8 

OH OH OMe 

4 OH OMe OMc 

OH 

OMe 

-- \ 
OH 

OH 

OH 

A- 
OH 

x- 
OH - 

-x- OH 

OH OH OMc ,--, 

OH OH OMe 

OMC o/c”n\o 

OH 

OH 
OH 

OH OMe 
OH OH 

OH 

OH 

OH 

OH 1 

OH 2d 

OH OMc ,-\ 

OH OH 

(‘Ha 

’ ‘0 0 

OMe OMe 7 
OH 8 
OH 8 
OH 8 

2d 

15 

23 

td 

21 

24 

6 

7 

7 

7 

20 

20 

0 - Guttifcrac b-MO- c=Gentm d-Anxardiaxm 
l For convcnicnce in constructing the txbk the equivalent positions C-l _ C8, G2 = G7. C-3 - Cd 

UKIC-+-G5hxvebccnuscd. 
Compounda biogeoc(ially derived from xanlhorres such u gambogk acid,” moAtinn and aphkAol” 

ban not &XI included in the tabk. 
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OH 0 OH OH 0 OH 

OH 0 OH OH 0 OH 

\ II IX 

Schanc2 

Xanthones from mould metabolitcs and lichensappear to have a different biogenetic 
origin.4*0 Thus the ergochromes which have a reduced xanthone skeleton and co-occur 
with anthraquinone derivatives, appear to be formed by transformation of an acetate 
derived anthracene intermcdiate.10 

Nose a&Qd in puoJ-After this pnpcr had been -ted for publication. T. R. GovindrM, 
B. R. Pai, P. S. Su-, U. R. Rae and N. Muthuk umaraanmy, Tetddron 23,243 (1%7), 

rcportcd the isolation of 1.7dihydroxyxanthoa (cuxantbo~c), l.S-dihydroxy-Emthoxyxahthorra 
and 1 .S,btrihydroxyxamhon from the heartwood of Muuo /emu L. (Guttifarc). and thus provido 
further cvidcncc for our conclusions. 

* T. Money. Nawe, Lend. 199,592 (1963). 
10 B. Fran&, F. Htlpcr. D. Grbgcr ahd D. Erger. A~~peu Chum. Inr. 728 (1966); ’ D. GrQcr, 

B. Fran& and F. Hi&w. The Chcmirrry of Narurol Prohcts-IUPAC SymposrWn. Stockholm, 
June (1966). 

I1 R. A. Finmgan and P. L. Bachman, /. Phrm. Scl. * 663 (1965). 
Ia A. Pimcnta, A. A. Lins Mcsquita, M. Camcy, 0. R. Gottlicb and M. Tavcira Magalh@ An& 

Acad. Bra&, Clmc. 36,287 (1964). 
)a L. Crombie and D. E Gamca, Terrohrdron Lrrfers No. 2. 14s (1966). 
I1 D. B. SpocLwa and M. J. van Royar, Rec. True. Chh. 48,370 (1929). 
1‘ B. Jackson, H. D. Locksky and F. Schciuma~, 1. Chum. Sot. (C), 178 (1966). 
” B. Jackson, H. D. Locksky and F. Schciumahn, unpubliahcd work. 
‘r M. L. Wolfrom. F. Komitsky and J. H. Looker. 1. Org. Chem. 30,144 (1965). 
I0 M. L. Wolfrom aad H. B. Bhat. Phyrochemhrry 4,765 (1965). 
I* F. E. King, T. J. King and L. C. Manning, J. Chem. Sot. 3932 (1953); 563 (1957). 
y 0. R. Gottlicb. M. Tavcira MagdhtAa and G. M. Stdani. Terrtion 22, 1785 (1966). 
*’ P. Yata and G. H. Stout, 1. Am. C&m. Sot. 00, 1691 (1958). 
*s J. C. Robcrts. Glum. Reck. 61.591, 1961, and Rcfs quoted tha+in 
” M. L. Wolfrom, F. Komitsky and P. M. Mundcll, 1. Org. Glum. 30.1088 (1965). 
LI L. J. Hayncs and D. R. Taylor, /. Chum. Sot. (C).1685 (1966) ahd rcfs quoted thwciu. 
U W. D. Ollis, M. V. J. Ramsay, I. 0. Sutherland and S. Mongkobuk, Tefruhfron 21, 1453 (1965). 
” G. Kahn. G. N. Ramchandran. H. B. Bhat. P. M. Nair, V. K. V. Ragbava~ and K. Va&a- 

taraman. Terraludron brrrrs No. 7. 4S9 (1963). 
*: S. Adjanga, &Ii. Sot. C/rim. Fr. 376 (1964). 
*’ R. A. Finnegan. J. K. Pate1 and P. L. Bachman. Terrahdron Lerferr No. 49. 6087 (1966). 



2234 H. D. LOCXSLEY, I. Mmxw and F. kHElt0AAh.N 

EXPERIMENTAL 

Mps were uncorrected. IR spectra in nujol were measured on a Perkin-Elmer Infracord 137. 
Analytical TLC was on silica gel G by Stahl (Merck). The natural products and their derivatives were 
dctcctcd by TLC, and identified by m.m.p. and identity of IR ~pcctra.“**~*‘~ 

A section of the heartwood of Symphonio ~lobul!f&z L., supplied by the Tropical Products 
Institute, London, from the Euro-Buvuma forest in West Mengo. Buganda, Uganda, was ground to a 
pow&r in an Apex cutter mill. The wood powder (2 kg) was extracted with hot bcnxene for 60 hr in 
a soxhkt extractor and on removal of tbc solvent, the extract yielded a dark brown tar (18 g). The 
bcnxcnc extracted wood was then further extracted with hot acetone for 60 hr and evaporation of the 
solvent gave a pale brown solid (100 g). 

Tbc crude acetone extract (40 g) was chromatographcd on silica gel (600 g). Elution with chloro- 
form (fractions 1-S) and with Chf-EtOAc (fractions 650) gave fifty fractions (each 500 ml) whose 
composition was investigated by TLC. Fractions I-3 yielded cuxanthonc (100 mg) m.p. 237-240”. 
identical with a synthetic sample.” Fractions 4-10 yielded l,S&trihydroxyxanthone (2 g) m.p. 281’ 
(dccomp.), identical with a synthetic sampk .r Fractions 1 I-50 yielded a mixture of tctrahydroxy- 
xanthones (4.2 g) m.p. 300” (decomp.) and maclurin (I l-6 g) m.p. 218-222”. 

Maclurin. which preferentially crystaUiz.cd out from fractions 11-30, was colkcteJ and recrystal- 
lizcd from bcnmnc-EtOAc (5: I) to give yellow nadlcs (I 1.2 g) m.p. 221-222”. The product was 
identical with maclurin purchased from the Aldrich Chemical Company.- The filtrate from fractions 
I I-50 was concentrated to precipitate a mixture of 1.3.5.6- and 1,3,6,7-tcttahydroxyxanthonm which 
was rccrystalliz.cd from a solution of Chf-EtOAc. 

Methylation of the tetrahydroxyxanthon (I g) with dimcthyl sulphate (2 ml) and an excess of 
anhydrous potassium carbonate (2 g) co&lncd the presence of both 1,3.5,6- and 1.3.6.7-tctta- 
hydroxyxanthonc as their tctramcthyl cth~rs.“*‘~*‘~ 

We thank the DSLR., for a grant to purchase equipment. Ihe Tropical Products In.stitute. 
London, for supplies of wd, and the Governors of the Royal Colkge of Advanad Technology for 
a Demonstratorship (to I. M.). 


