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Abstract-From the heartwood of Ga/Giia p~dunculata,2.4.6.3’,5’-pentahydroxybenzophenone and 1,3,5.7-tetra- 
hydroxyxanthone have been isolated. Their occurrence as natural products is of special interest, because they 
have an unusual hydroxylation pattern in one ring. Possible biosynthetic routes are discussed. The co-occurrence 
of the benzophenone and the corresponding xanthone supports the view that xanthones are formed by oxidative 
coupling of the hydroxybenzophenones. This heartwood also contains biflavanone GB-la, talbotaflavone and 
1,3,6,7-tetrahydroxyxanthone. 

WHEN an acetone extract of the heartwood of Garcinia pedunculata’ was chromatographed 
on silica gel, the first fractions mainly contained the biflavanone CJB-la, originally isolated 
by Jackson et al.* from G. buchananii and subsequently detected in several other Garcinia 
species. From the later fractions a phenolic ketone was isolated and identified as 2,4,6,3’,5’- 
pentahydroxybenzophenone (l), a new natural product. The pentamethyl ether, m.p. 135”, 

was first characterized by its NMR spectrum in CDCl, (chemical shifts on the r scale): 
5 OMe at 6.17-6.34; 5 aromatic H at 3.8 (singlet for 2H), 2.95 (2H, d, J 2 Hz) and 3.34 
(lH, t). Its identity was confirmed by comparison with the synthetic product from the Frie- 
del-Crafts reaction between phloroglucinol trimethyl ether and 3,5-dimethoxybenzoyl 
chloride;3 under the conditions used by us a mixture of the pentamethyl ether and 2-hyd- 
roxy-4,6,3’,5’-tetramethoxybenzophenone was obtained in almost equal quantities. 

The MS fragmentation of(l) is interesting; the base peak is at M-l, the next most intense 
peak is at M-2 and other major fragments are at m/e 153, 137, 125 and 109. 

Karrer4 records seven benzophenones as plant products: 4-hydroxybenzophenone, 
three methyl ethers of 2,4,6-trihydroxybenzophenone, maclurin (2,4,6,3’,4’-pentahydroxy- 
benzophenone) and two of its ethers. The three parent phenolics (6hydroxy; 2,4,6-trihyd- 
roxy- and 2,4,6,3’,4’-pentahydroxybenzophenones) are presumably formed from acetate 
and shikimate derived moieties. Six benzophenones subsequently isolated are all derived 
from the same three parent phenolics. 14’ The new benzophenone (1) is of special interest, 
because 3,5-dihydroxybenzoic acid (2) is not a known or normal metabolite of shikimic 

* NCL Communication No. 1775. 

’ T/w Wrulth of’ Indiu (Raw Matrrials) (1956) Vol. IV. p. 107, Council of Scientific and Industrial Research, 
New Delhi. 

2 JACKSON, B., LOCKSLEY, H. D., SCHEINMANN. F. and WOLSTENHOLME, W. A. (1967) Tetrahedron Letters 787. 
3 MAUTHNER, F. (1913) J. prukt. C’hem. 87, 409. 
4 KAKKEK. W. (1958) Konstitution und Vorkomwr~ dcr orymischrn b’jkm~~~mtq~il, pp. 187- 188, Birkhauser, 

Basel. 
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acid, although it could be produced from Sdehydroshikimic acid (3) by dehydration. 
Alternatively. such dehydration leading directly to (I) could take place after the ketone 
(4) is formed by the condensation of (3) with phloroglucinol.’ A third possibility is indi- 
cated by the observation that dehydroxylation of pyrogallol and of tea polyphenols to 
resorcinol has been observed. but only in rats and humans.” Total derivation of (I) from 

“Oreo, .oJs;oH oJ$;o” Hoq;,,;+xy HOY+&FJOH 

dH 2 OH OH 0 OH b 

(1) (2) (31 ( 4’) (5) 

acetate has also to be considered as a remote possibility. One of the products from orsel- 

linic acid in the soil organism Epico~~u/~ r~iyru~z is 3.5-dihqdroxybenzoic acid.-,” It is rele- 
vant that the structurally related 5.6.3’.5’-tetrahydroxyflavone has been isolated from CU.+ 

iJ7irou c&t 1 is. ’ since the shikimate origin of the B-ring in flavonoids has extensi\,e exper- 

imental support.“’ 
Lewis ’ ’ was the first to suggest the biosynthesis of xanthones by oxidative coupling of 

o-hydroxybenzophenones, subsequently supported by a statistical analysis of xanthones 
found in higher plants, based in particular on the significance of maclurin in xanthone bio- 
synthesis.” Lewis rt ~rl.‘” looked for the presence ol 1,4,6,3’-tctrah~~ji-~~x~t~e~iropheionc 
in Ger~tiar~u lutea, because it contained 1,3,7-trihydroxyxanthone and its ethers. They suc- 

ceeded in isolating the benzophenonc and in establishing the rapid assimilation of sodium 
acetate-1-‘4C by the plant under tissue culture conditions to form both lubelled bcnzo- 
phenone and xanthone. However. no attempt was made to determine if the nl-hydroxyben- 
zoyl part came from acetate or shikimate. Locksleq and Murray”” isolated the 4.6- 
dimethyl ether of the Lewis benzophenonc from the heartwood of Alltrt~hhckia ,flwihrrdu. 

Isolation of the unusual bcnzophenone (1) led us to make a starch for the corresponding 
xanthone (5) in the heartwood of G. p~~/w~cz~I~~t~~. The fractions containing the biflavanonc 
GB-la (6) displayed at least two minor constituents on paper chromatograms. but PLC 

or column chromatography on silica gel and othi;r adsorbents proved inadequate for com- 
plcte separation. The mixture was methylatcd and the ethers separated on silica gel to give 
five products A--E. 

Compound A, C,;H,,O,. had m.p. 221i : M i 316; ;k,‘,‘:” 256. 295. 350 mn. log t 4.6. 4.2, 

3.8 (tetraoxygenated xanthone): I’,,,,, 1650cm~- ’ (C=O); 5 6.0 6.07 (4 OMc): 3.61, 3.2, 3.38, 
3.63 (aromatic H. four nl-coupled doublets) and is thus the tetramcthyl ether of the xan- 
thone (5). This is the first natural I;anthone to have the 1.?,5,7-orientation of hydroxyl 
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groups. The structures of (5) and the tetramethyl ether were confirmed by comparison with 
the products, obtained in very poor yield, of the ferricyanide oxidation” of the ketone 
(1) and its tetramethyl ether respectively. Further, the occurrence of (5) as the tetrahydric 
phenol, and not an ether, was confirmed by the identical R, values (on paper and silica 
gel TLC) of (5) obtained by oxidation of (1) and of one of the constituents of the crude 
heartwood extract. Demethylation of the ether also yielded (5), which was ultimately iso- 
lated in minute quantity by chromatographing the acetone extract of the heartwood on 
a cellulose column and eluting with 10% HOAc. 

Product B, m.p. 206208” (M’ 316), was identified as the tetramethyl ether of 1,3,6,7- 
tetrahydroxyxanthone, isolated earlier from Chlorophoru,’ 5 Maclura.‘” Mummea, Allan- 
blackia,14 Athyrium, Calophyllum and Symphonia” species. .-. 

Products D and C proved respectively to be the hexamethyl ether of GB-la (6) and the 
ether (7) formed by ring opening during methylation of the flavanone moiety not substi- 
tuted in the 3-position. Compound E, m.p. 272-274” (M+ 624), gave colour reactions for 
a flavanone. The IR spectrum showed two C=O bands at 1670 and 1648 cm- I, character- 
istic of flavanone and flavone carbonyls respectively. From the NMR and MS data, it was 
characterized as the hexamethyl ether of talbotaflavone (volkensiflavone) isolated earlier 
from other Garcinia species.18y’9 

EXPERIMENTAL 

Isolation of2,4,6,3’,5’-pentah~,roxybenzophenone (1). The powdered heartwood (1 kg) was extracted in a Soxh- 
let with Me2C0. The residue (19 g) after removal of the solvent showed 2 major spots in TLC (silica gel; MeOH- 
CHC13, 1:9). The mixture (5 g) was chromatographed on a column of silica gel (IOOg) using the same solvent; 
50 ml fractions were collected and monitored by TLC. The first few fractions contained mostly GB-la. The last 
fractions were pooled, solvent removed and the residue crystallized from CHCI,~-MeOH. The bright yellow nee- 
dles (0.8 g) had m.p. 25X-260 (Found: C, 59.5; H. 4.3; M+ 262. C13H,“Oh requires: C, 59.5; H, 3.8”;,: M262). 
The pentamethyl ether (DMS-K,C03 method) crystallized from EtOAc-C,H, in colourless needles, m.p. 135” 
(iit.3 m.p. 132-133”) (Found: C, 64.9; H, 6.1; M’ 332. CLBHl(,Oh requires: C. 65.2; H. 6.0”/;,; &! 332). 2.4.6.3’,5’- 
Pentaacetoxybenzophenone. colourless needles from MeOH. had m.p. 125’. 

Syzthesis qf 2-kytlros~-4.6.3’,5’-rct~a,~~rtho\-~- u~d 2.4.6.3’,5’-~~~~~11tr~r1~~r~~~~.~~~b~~~~~o~~/1~~1u~~~s, A mixture of phlorog- 
lucinol trimethyl ether (1 g), 3,S-dimethoxybenzoyl chloride (I g) and anhyd. AlCl, (2 g) in dry Et,0 (80 ml) was 
left at 25’ for 48 hr. The product was chromatographed on a silica gel column using ChHh for elution. The faster 
moving compound was characterized as 2-hydroxy-4,6,3’,5’-tetramethoxybenzophenone (0.3 g; pale yellow 
needles, m.p. 118” from MeOH). The slower moving compound was 2.4,6,3’,5’-pentamethoxybenzophenone 
(0.35 g), m.p. and m.m.p. with the methyl ether of the natural benzophenone (I), 135”. 

I5 (a) JEFFERSON, A. and SCHEINMANN, F. (1965) Nature 207, 1193; (b) (1966) J. c’llem. Sot. C, 175. 
I6 WOLFROM, M. L. and BHAT, H. B. (1965) Phq’tochenlistry 4, 765. 
I7 LOCKSLEY, H. D., MOORE, I. and STHEINMANN. F. (1966) J. Che/71. Sot. C, 430. 
I8 JOSHI, B. S.. KAMAT. V. N. and VISWANATHAN. N. (1970) Ph~rochenlisrr!~ 9, 881. 
” HERBIN G. A. JACKSON, B.. LOCKSLEY, H. D.. SCHEINMANN, F. and WOLSTENHOLME. W. A. (1970) Phytochemis- 

try 9,2il. . 
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I.~lurion of thr /rtinor cottstitrlent.s of rlrr U(Y~OIW c.xrrLlct (IS ntrthrl r~r/ter.s. T-he earlier fractions from the chromat- 
ography of the acetone extract of the heartwood were pooled and the solvent was remoced. The rcstduc (4 g), 
anhqd. K,C02 (2Og). Me,SO, (5 ml) and dry Me,CO (lOOmI) wet-c I-eflu~d for I2hr. The product (4g) was 

chromatographed on a column of silica gel (XOg) using MelC‘O C‘,,H,, (I :9) for clution. Fractions of lt)otnl 
were collected. Fractions 1 and 2 contained 1.3.5,7-tetramethoxyxanthone (0.15 g) VI hich crystallized from MeOH 
in colourless needles. m.p. 22X (Found: C. 654; H. 5.0; M- 3 16. C, : H,,O, requires, C‘. 64.5: H. W”,,: M 316). 
DemethJlation oft).15 g wtth Ac?O (3 ml) and HI (2 ml) and PLC of the product tstlica gel. Mc,CO C,,H,) gave 
1.3.5~7-tctrahydroxyxanthone, m.p. 370 (dccomp). Fraction 3 gave 1.3.6.7-tctramctho~~~a~~tl~~~~~c (0.17 g). crystal- 

lizing from MeOH in colourless needles. m.p. 706 20X (lit.’ “’ m.p. 207 208 ) (Found: C. 64.5; H. 5.2: M’ 316. 
C,,H,,,O, requires: c‘. 64.5: H. 5.0” ,,; JJ 316). Fractions 4 6 gave a product (l.Xg) \\h~ch cr>stalhrcd from 
MeOH in pale qellou needles, m.p. 326 22X (Found: C. 6X.9; H. 5.6; M 640. C‘,:H,,O,,, requires: C. 69.3; 
H. 5,6”,,;M. 640). From its NMR and MS it was identified as (7). although the m.p. cited earlter”’ is 1.35 upuards. 
A. D. Pendse (private communtcatton) has tsolatcd large amounts 01 CiB- la from GI~~~I/IIU Y~~II(/IW/I rrntt.\ wood 
and its behaviour on methylation will he discussed clsewhcrc. Fractions 7 9 garc G&la hexameth>l ethct- (I g). 
which crystallized from MeOH in coiourless needle\. m.p 110 (Found: C‘. 6X.9: H. 5-I: M’ 626. C3,,HJ,0,, 
requires: C. 69.0. H. 54” ,,; M 026). The last fracttons contained talbotaHa\one hcxameth>l ether (0.37 g) which 
crqstallircd from MeOH in colourless necdlcs. m.p. 372 271 (Itt.‘” m.p 265 ) (Found: C‘. 69.0: H. 4.7: M 624, 
C,,,H,,O,,, requncs: C. 69.2; H. 5,1”(,:M 624). 

f~iurio~r of I.3.5.7-trr~c~h~~t~~~~\~.\-ccr~tiio~~r. The acetone extract (5 g) of the hcartwood was chromatographed on 
a column of cellulose using IO”,, aq. HOAc as the solvent. Earlier fractions contained mostly GB-la. Later ftrac- 
tions which contained a new compound different in R, value (on paper) from GB-la and the prntahqdroxybenro- 
phenone (I) wcrr pooled. The product ~vas further purified bq PLC (silica gel impregnated nith .3”(, aq. oxalic 
acid: solvent Me,C‘O C,,H,, 2:X). The mqor band yielded )ellow nccdlcs from Mr?CO. m.p. and m.m.p. with 
the domethclation product described earlier. 320 (decomp): i,,,,$, r’OH (lOi! t) 237 (4.3). 254 (4.4). 26X (\/I. 3.9). 3 I? (4.1) 
and 361 (3.9) nm (Found: C. 599: H. ?-5; M 760. C,3Hr0, require;: C. 59.9: H. i,X:,M 260). 

Uritltrtion of 1.1.6.3’.5’-/l[,rlrt~/1~.~/1.~~\ ~,h,,,~r(,p/~~‘,to,rc, to i..l.j.7-r~,t~c~/l~~~/~~~~\-~~~~~/~t/~~~~~~~. ‘I hc hcnzophenonc (0.2 g) 
in aq. NaOH lO.4g in 10ml HIO) cind pyridine (IOml) was mixed mith K,Fc(CN),, (0.5g tn 101~~) H,O) and 
left on ;I mechanical shaker fat- 6 hr. The soln was acidified and extt-acted vvtth I!tOAc (7 x 50 ml). The t-esidue 
on PLC‘ (silica gel; Mc2C‘0 <‘,,H,,. 3:71 and crystallt~atton from Me,C‘O gale ~ellou necdlcs (0.02g). m.p. and 
m.m.p ~\ith the natural xanthonc. 320 (decomp). I.nder similar conditions 2.hydrox!-4.6.3’.5’-tctramethoxybcn- 
zophenone (0.1 g) gave l,?.~.7-tctran~ctl~~~~~4~~ntll~~~~c. m.p. 32X in similar low yield (O-01 p). but the starting 
material (0.05 g) uas recovered. 
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