
Pla/zt. G~rr~ir~in r~~lrlt$fo/~z Champ (Guttiferac). 
I/‘SCJS. Furniture and cabinet work. yellow mordant 
dyestuff and medical. f+c~~?o~~ moor%. On bifa- 
vanoids of stem barks [I]. On sister spccics: barks 
[1,2 51. hcartwood [1.4.&14]. root [l-5]. icaves 
[ 1,4], seed [ 1 h]. and latex [ 17.1 S]. 

Pwwn~ wrk. As part of a general screening pro- 
gramme of Formosan flora for antitumor com- 
pounds, WC report the isolation and identification 
of seven phenolic compounds from the heartwoods 
of G. r~~~r/ttflo,a. This is the first reported isolation 
of apigenin and 1.3.6,7-tctrahydroxyx~~~~t~i(~n~ 
from the subfamily Clusioidcae. 

The McOH-extract of the dried heartwood- 
shavings was first extracted with C,H,,. then fol- 
lowed by EtOAc. The EtOAc soluble part was 
chromatographed on a column of SiO, cluting 
with C,H,, ~EtOAc (1: 2) giving three Fractions I 
3, then with EtOAc giving Fraction 4. Fraction I 
was rechromatographed on a polyamide column. 

cluting with 70”,, aq. MeOH giving four Fractions 
la Id. As the Fraction lb and Ic were shown to 
be a mixture by TLC, the Fraction lb was rechro- 
matographed on a column of cellulose. eluting 
with 40’!,, aq. MeOH giving two Fractions lb 1 and 
lb,. Fraction Ic was subjected to repeated prc- 
parative-scale TLC on silica gel with C,,H,-pyri- 
dine formic acid (90: 5: 1) yielding Fraction lc,. 
Evaporation ofcach Fraction (la. lb,. lb,. lc,, Id. 
7 and 3) and recrystallization from MeOH 
a ordcd -ff seven compounds (A G) which were 
character&d as apigenin. 1.3.6,7-tetrahydroxy- 
xanthone. GB- la. GB-?a. (+ )-volkensiflavone, (+)- 
morcllofavonc and ( t )-morclloflavone respect- 
ively. The constitutions of the Fraction 4 are under 
investigation. All the scvcn compounds (A G) gave 
a t-cd COIOLI~ in the Mg HCl test. The data of their 
UV spectra acre shown in Table 1. 

Co/~~pof/r~rl .1. Yellow crystals. m.p. 344 346 : 
triacetate. m.p. IX3 185’ [ 191. M - III’~J 396: UV 
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(Table I) identified as apigenin confirmed by com- 
parison with an authentic sample (m.m.p., TLC, 
PPC, IR and NMR). 

Compound B. Yellow crystals, m.p. >300”. Red 
with Mg-HCl and green with alcoholic FeCl,. IR: 
3300 (OH), 1650 (conj. CO), 1620, 1580, 1510 and 
1485cm-’ (arom.). UV (Table 1) indicates a xan- 
thone bearing 1 or 8-OH and an orr~o-dihydroxy 
group. NMR (DMSO-d,) showed four OH groups 
at 6 13.30 (s, 1H) (OH-l) and 11.0339.72 (hr, 3H) 
(3 x OH); two isolated aromatic protons at 6 7.50 
(s, IH) (H-S) and 7.00 (s, 1H) (H-5); two aromatic 
protons as meta-coupled doublets (J 2 Hz) at 6 6.45 
(IH) (H-4) and 6.27 (1 H) (H-2). The above evidence 
suggested that B was 1,3,6,7-tetrahydroxyxan- 
thone. This was supported by its acetate, m.p. 192- 
194”, Mf m/e428; NMR (CDCl,); four acetoxyl 
protons appeared at 6 2.47 (s, 3H) (OAc-1) and 2.34 
(s, 9H) (3 x OAc); four aromatic protons at 6 8.04 
(s) (H-Q 7.42 (s) (H-5), 7.27 (d, J 2 Hz) (H-4) and 
6.87 (d, J 2 Hz) (H-2). The structure was confirmed 
by comparison with an authentic sample and its 
acetate [20] (TLC, PPC, IR and NMR). 

Compound C. Pale yellow crystals, m.p. 21& 
212”, [x-J;0 -8.0”. C30H22010, Mf m/e 542. IR at 
3300 (OH), 1640 (conj. CO), 1615 and 1520 cm- ’ 
(arom.). The UV (Table l), showed a flavanone 
with OH groups at 5- and 7-positions. NMR (ace- 
tone-d,) showed protons of OH groups at 6 12.62 
(s, lH)(OH-5”) 12.40 (s, 1H) (OH-5) and 817-9.17 
(hv, 1H); 8 aromatic protons as two sets of A,B, 
doublets (J 9 Hz) at 6 7.33 (2H) (H-2”‘, 6”‘) 6.90 
(2H) (H-3”‘, 5”‘) and 6 7.25 (2H) (H-2, 6’) 6.80 (2H) 
(H-3’. 5’); two aromatic protons as ~~~~~-coupled 
doublets (J 3 Hz) at 6 603 (1H) (H-8) and 5.93 (1H) 
(H-6); one isolated aromatic protons at 6 595 (s, 
1H) (H-6”); two protons in the ring 1-C as trans- 
coupled doublets (J 12 Hz) at 6 5.77 (1H) (H-2) and 
4.77 (IH) (H-3); three protons in the ring 2-C at 
6 5.47 (hr, 1H) (H-2”) and 3.07-2-63 (m, 2H) (H-3”). 
On methylation with Me2S0,-KZCO, in dry ace- 
tone Cgavea hexamethyl ether, m.p. 131-134”, M+ 
m/e 626. IR 2990, 2930, 2900, 2830 (OMe); 1675 
(flavanone CO), 1600, 1570 and 1515 cm- ’ (arom.), 
and was transparent around 1650 cm- ’ indicating 
no chalcone, although isomerization of flavanone 
to chalcone during methylation has been reported 
[lo]. NMR CDCl, showed six OMe groups at 
6 3.90 (s, 6H), 3.83 (s, 6H) and 3.80 (s, 6H); eight 
aromatic protons as two sets of AIBz doublets (J 

8 Hz) at 6 7.28 (2H) (H-2, 6‘), 6.82 (2H) (H-3’, 5’) 
7.32 (2H) (H-2”‘, 6”‘) 6.90 (2H) (H-3“‘, 5”‘); 2 aro- 
matic protons as m&u-coupled doublets (J 2 Hz) at 
6 6.17 (1 H) (H-8), 6.08 (1H) (H-6); one isolated aro- 
matic proton at 6 6.15 (s, 1H) (H-6”); two protons 
in the heterocyclic ring 1-C of a flavanone unit as 
doublets (J, 12 Hz) at 6 5.73 (1H) (H-2) and 4.70 
(IH) (H-3); 3 protons in the ring 2-C of another 
flavanone unit as multiplets at 6 5.28 (IH) (H-2”) 
and 2.72 (2H) (H-3”). From the above data the 
structure of the C must be a binaringenin with 
a 3-6” or 3-8” linkage between the ring 1-C 
and the ring 2-A, which was confirmed as 
GB-la (3-8” linkage) by comparison with an 
authentic sample [lo] (m.m.p., TLC, PPC, IR and 
NMR). 

Compound D. Pale yellow powder, m.p. 214. 
216” (dec.), [a];’ +28” CJ,,H,,O, ,, M+ m/c 558, 
IR at 3300 (OH), 1645 (conj. CO), 1610 and 
1520 cm- ’ (arom.). NMR (acetone-d,) showed 
seven OH groups at 6 12.43 (s, 1 H) (OH-S”), 12-27 
(s, 1H) (OH-5) 10-37-9.03 (hr, 2H) and 8.87-7.83 
(hr, 3H); ten aromatic protons at 5 7.50-6.97 (7H) 
(H-2’, 6’, 5, 2”‘, 6”‘, 3”‘, 5”‘) and 6.07 (hs, 3H) (H- 
6,8,6”); 2 protons in the heterocyclic ring 1-C as 
doublets (J 12 Hz) at fi 5.83 (1H) (H-2) and 4.83 
(IH) (H-3); 3 protons in the ring 2-C at 5.43 (br, 
1H) (H-2”) and 2.83 (hr, 2H) (H-3”). Methylation 
gave a heptamethyl ether, m.p. 12%130”, M+ m/ 
r 656. IR 2970, 2930, 2900, 2830 (OMe), 1680 (fla- 
vanone CO), 1605, 1575 and 1520 cm- ’ (arom.). 
NMR (CDCl,) showed 7 OMe groups at 6 3.93 (s, 
6H). 3.92 (s, 3H), 3.82 (a 6H) and 3.78 (s, 6H); 3 
protons in the heterocyclic ring 2-C of a flavanone 
unit at 6 2.83 (m, 2H) and 530 (m, 1H); 2 protons 
in the ring I-C of another flavanone unit at 6 4.70 
(d, J 12 Hz, 1H) and 5.73 (d, J 12 Hz, IH); 3 aro- 
matic protons at 6 6.05 (d, J 2 Hz, 1H) (H-6) and 
6.13 (b, 2H) (H-8 and 6”); 7 protons in two phenyl 
rings at 6 7.25667 (m, 7H). From these data the 
compound D was suggested to be GB-2a [IlO] 
(naringenin-_3--+8”-eriodictyol) which was con- 
firmed by comparison with an authentic sample 
(TLC, PPC, IR and NMR). 

GB-1 a and GB-2a were previously isolated from 
the heartwoods [IO] of G. huchananii and G. 
e~gerzi~f~ii~, barks [I] of G. s~~cff~u, G. rnu~t~~oru 
and G. &ii, heartwoods and leaves of G. xantho- 
chymus [l], but no information on their optical 
properties is available. It is noteworthy that GB-la 
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and GB-2a isolated in the present investigation are 
( - ) and ( + ) rotatory respectively. 

C’o~77pounri E. Pale yellow crystals m-p. 290-292’. 
[x];;’ + 1.6 C,,HZoOto, M+ q’r 540. IR 3545, 
3150 (OH), 1640 (conj. CO), 1610, 1590. 1560 and 
I5 IO cm ’ (arom.). UV (Table 1) NMR (DMSO- 
rl,,) showed 6 OH groups at 6 12.47 (tl, 1 H) (OH-5). 
13.37 (11. IH) (OH-5”). 11.83 10.0 (I?r. 3H) and 9.50 
(17,s. IH): 8 aromatic protons as two sets of A,B2 
doublcts(J 9 Hz) at 6 7.13 (2H) (H-2’. 6’) 6.63 (2H) 
(H-3’. 5’) and 7.70 (3H) (H-2”‘, 6”‘). 6.87 (2H) (H- 
3”‘, 5”‘); 3 aromatic protons at 6 6.30 (cl, J 2 Hz. 
I H) (H-8). 6.22 (hs. 3H) (H-6. 6”); one isolated pro- 
ton at (5 6.50 (.\. 1H) (H-3”); 2 protons in the ring 
I-C as doublets (J 12 Hz) at 6 5.80 (1H) (H-2) and 
4.90 (IH) (H-3). 

Mcthylation afforded hexamethyl ether. 
m.p. 25s 260 . M - /77/r 624. IR 2990. 2950. 2850 
(OMc). 1680 (flavanone CO), 1645 (flavone CO), 
1600. 1580. 1510 and 1490 (arom.). NMR of E 
(DMSO-d,,) revealed the presence of six OH 
groups at ii 13.27 (tl, IH), 12.47 (tr, 1H). I I.83 IO0 
(hl.. 3H). 9.50 (hs. IH), whereas the signals of the 
aromatic regions were not readily resolved. NMR 
of E methyl ether (CDCl,) showed 6 OMe groups 
at ii 3.93 (s. 3H). 3.87 (s. 3H). 3.83 (s. 6H). 3.77 (s, 
3H) and 3.67 (s. 3H); 8 aromatic protons as 2 sets 
of A,B, doublets (J 9 Hz) at 6 7.13 (2H) (H-2’. 6’), 
6.63 (2H) (H-3’. 5’). 7.70 (2H) (H-2”‘. 6”‘) and 6.87 
(2H) (H-3”‘. 5”‘); 2 aromatic protons as rnc~~cou- 
pled doublets (J 2 Hz) at fi 6.30 (1H) (H-8). 6.22 
( I H) (H-6); one isolated aromatic protons at (5 6.23 
(s. IH) (H-6”): one proton in the pyranone of a fla- 
vonc unit at ii 6.50 (s, IH) (H-3”); 2 protons in the 
heterocyclic ring of a flavanone unit as doublets (J 
12Hr) at 05.80 (1H) (H-2) and 4.90 (1H) (H-3). 
From these data E was suggested to bc volkcnsifla- 
vone [ 12,153 (naringenin-3 --+ 8”-apigenin) which 
was confirmed bv comparison with an authentic , 
sample by the courtesy of Dr Schcinmann. The 
optical rotation of \;olkensitlavone. isolated from 
G. Wllic~lzsii [ 121, G. tdhoti [ 151. G. lir.i,q.storzii 141. 
and G. .\.~7r7tlzo~.h~.,77~~.s [I] as m.p. 250 . 300 . 267.m 
268 and 290 293 respectively. was not mentioned 
except the last one which was reported to be opti- 
cally inactive. Volkensiflavone isolated in this in- 
vestigation is (+ ). 

and 1510cm- ’ (arom.). NMR (DMSO-~1,) 
revealed the prcsencc of scvcn OH groups at 
ii 12.43 (s. lH), 13.27 (s. 1H). I I.53 (hr., IH). 10.97 
(hr, 1 H), 10.0 (hr.. 1 H), 9.65 (/w. I H) and 9.42 (hr.. 
lH), whereas the signals of the aromatic and ali- 
phatic regions were not readill, resolved. These dif- 
ficultics have been ovcrsomc 1~1, using acetone-d,, 
as solvent. but in this cast the signals of all the OH 
groups except the two hydrogen bonded OH-5 
(6 13.23 and 12.45) \vcrc not visible; four aromatic 
protons appeared as a set of ALB2 doublets (*I 
X Hr) at ci 7.30 (3H) (H-2’. 6’) and 6.63 (3H) (H-3’. 
5’); three aromatic protons in the 1.3.4trisubsti- 
tuted bcnzcnc ring at 6 7.52 (177. 2H) (H-2”‘. 6”‘) and 
6.68 (d, J 8 HZ. 1 H) (H-5”‘); two aromatic protons 
as rlleru-coupled doublets (,I 2 Hz) at ;i 6.38 (1H) 
(H-8) and 6.10 ( 1 H) (H-6); two isolated protons at 
ii 6.55 (s. IH) (H-3”) and 6.08 (s. IH) (H-6”): two 
protons in the ring 1-C as /r.cills-coupled doublets 
(J 12 Hz) at ci 5.87 (IH) (H-7) and 5.07 (1H) (H-3). 
Methylation gave a hrptamethyl ether. m.p. 2 I? 
215 . M qe 654. IR 16X0 (flavanone CO) and 
1645 (favone CO). NMR (~CDCI,) showed seven 
mcthoxyl groups as singlets at ii 4.00 (3H). 3.97 
(3H). 3.90 (6H). 3.85 (3H). 3.80 (3H). 3.73 (3H); four 
protons in the 1.4-disubstituted benzene ring as a 
set of A,B, doublets (.I X Hz) at (5 7.23 (3H) (H-3’. 
6’) and 6.73 (2H) (H-3’, 5’): three protons in l.3,4- 
trisubstituted benzene ring at & 7.63 (q, J 9 Hz. 
2 Hz. 1H) (H-6”‘). 7.30 (,tl. J 2 Hr. 1H) (H-2”‘) and 
6.93 ((I, J 9 HT. 1 H) (H-5”‘): two protons in a fa- 
vanone unit as doublets (J 12 H7) at ii 5.96 ( I H) (H- 
2) and 5.03 (I H) (H-3): two aromatic protons as 
rnc&j-coupled doublets (J 2 H7) at ij 6.40 (1 H) (H-8) 
and 6.27 (IH) (H-6): two isolated aromatic protons 
at rS6.60 (s. IH) (H-3”) and 6.30 (s, 1H) (H-6”). 
From these data F was suggested to be morcllofa- 
vonc (iiaringenin-?~X”-iuteolin) i.e. fukugetin 
C-3.143. The NMR. TLC and PPC of F were idcnti- 
cal with those of an authentic sample of morello- 
flavone kindly supplied by Dr. Scheinmann. but its 
IR spectrum (KBr) was different which may be 
explainable on its being optically active [-il. The 
NMR. IR, TLC and m.m.p. of the heptamethyl 
ether of F were identical bvith those of an authentic 
sample kindly supplied by Professor Vcnkatara- 
man. 

Cor77pour7ti F. Yellow powder, m.p. 249-250~. 
[xl;;’ + 17 C,,,H2,0, ]. M’ ~q’tl 556. UV (Table 

Co171po14m’ G. Yellow crystals, m.p. 280 28 1 ‘. 

1). IR 3350(OH). 1645(conj. CO), 1615. 1570. 1550 
M ’ m/e 556, its CV and NMR spectra were identi- 
cal with those of the above compound F. Thus it 
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was seen to be a mixture of (-k ) and ( -)-morello- 
flavone. 

EXPERIMENTAL 

Extraction ofGarcinia multiflora. A section of the heartwood 
of G. mult$pora was collected from the No. 43 Compartment, 
Tawu, located near Taitung at height of 700m by Prof. J. C. 
Liao, on 28 Jan., 1970. 

The dried heartwood (shaving, 2.8 kg) was extracted 4 x boil- 
ing MeOH. The extract (35 1.) was evauorated to vield a brown 
oily matter which was extracted with C,H,. The insoluble part 
was extracted with EtOAc. The EtOAc yielded a light brown 
solid (23 g) which was chromatographed on SiO, (500 g) eluting 
with C,H,-EtOAc (1: 2) to give Fractions 1 (4 g), 2 (0.3 g) and 
3 (1.7 g), and then eluting with EtOAc to give 4 (3.3 g). Fraction 
1 was then rechromatographed on a column of polyamide 
(nylon 66, 200g) eluting with 70% aq. MeOH to give Fractions 
la (0.1 g), lb (0.6g), lc (0.35 g) and Id (@5 g). As the Fraction 
lb contained two compounds shown by TLC, it was rechroma- 
tographed on a column of cellulose (30 g) eluting with 40% aq. 
MeOH to give Fractions lb, (0.15 g) and lbz (0.4 g). The Frac- 
tion lc was separated by preparative TLC (silica gel) with 
C,H,-pyridine-formic acid (40: 10:2) gave Fraction lc,. 

Acknowledgements-The authors wish to thank Professor 
Masaichi Yasue for elementary analysis; Professor H. D. 
Locksley, Dr F. Scheinman, Professor S. Iseda and Professor K. 
Venkataraman for the generous gift of authentic samples; Pro- 
fessor Y. Kato for polyamide; Professor J. C. Liao for collecting 
timber: and Professor W. C. Lin. Professor C. H. Yane and the 
Faculty members for NMR, UV, IR and MS measurements. 
This work was supported by the National Science Council as 
the research project of Chemistry Research Center, National 
Taiwan University. 

4. 

5. 

6. 
7. 
8. 
9. 

10. 

11. 

12 

13 
14. 

15. 

16. 

17. 

18. 

19. 

20. 

REFERENCES 

Konoshima, M., Ikeshiro, Y., Miyahara, S. and Yen. K. Y. 
(1970) Tetrahedron Letters 4203. 
Konoshima, M. and Ikeshiro, Y. (1970) Terrahedron Letters 
1717. 
Konoshima, M., Ikeshiro, Y., Nishinaga, A., Matsuura, T., 
Kubota, T. and Sakamoto, H. (1969) Tetrahedrorl Letters 
121. 
Pelter, A., Warren, R., Chexal, K. K., Handa. B. K. and 
Rahman, W. (1971) Tetrahedron 27, 1625. 
Shinoda, J.,(1927) Yukugakuxxshi 47, 186, and refs quoted 
therein. 
Perkin. A. G. and Phipps, S. (1904) J. Chem. Sot. 85, 58. 
Shinoda, J. and Ueeda, S. (1933) Yakugakn-_usshi 53, 921 
Murakami, M. (1934) Proc. Im. Acud. IO, 568. 
Jackson, B.. Locksley. H. D., Moore. I. and Scheinmann. F. 
(1968) J. Chenr. Sot. C. 2579 and refs auoted therein. 
Jackson, B., Locksley, H. D., Scheinmann. F. and Wolsten- 
holme. W. A. (1971) J. C&n. Sot. C, 3791. 
Jackson, B.. Locksley, H. D. and Scheinmann. F. (1969) J. 
Chem. Sot. C. 2201. 
Herbin, G. A., Jackson, B., Locksley, H. D., Scheinmann, F. 
and Wolstenholme. W. A. (1970) Phvtochernistrv 9. 221. 
Pelter, A. (1967) Tefrahedron Letters 1767; (1968) ibid. 897. 
Karanjgaokar, C. G.. Radhakrishnan, P. V. and Venkatara- 
man. K. (1967) Tetrahedron Letters 3 195. 
Joshi. B. S., Kamat, V. N. and Viswanathan. N. (1970) 
Phytochernistry 9, 88 1. 

I  

Ranachandran. G. N., Bhat. H. B., Nair. P. M., Raghavan, 
V. K. V. and Venkataraman. K. (1963) Tc,trahedron Letters 
459. 
Karanjgaonkar, C. G., Nair, P. M. and Venkataraman, K. 
(1966) Tetrahedron Letters 687. 
Ollis, W. D., Ramsay, W. V. J., Sutherland. I. 0. and Mong- 
kolsuk, S. (1965) Tetrahedron 21, 1455. 
Gripenberg. J. (1962) The Chrmistry of‘ Flaoonoid Com- 
pounds (Geissman, T. A. ed.), p. 418. Pcrgamon ‘Press, 
Oxford. 
Iseda. S. (1957) Bull. Chem. Sot. Japan 30, 625. 


