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Abstract-A new bark acid, isochapelieric acid (cis-chapelieric acid), chapelieric acid, f&deli& friedelan3/&ol, 
canophyllal, canophyllol, friedelan-3/?,28_diol, canophyllic acid and amentoilavone have been isolated and character- 
ized from leaf extractives of Calophyllum culubu. ’ 3C NMR spectra of methyl chapelierate and methyl isochapelierate 
have been recorded and interpreted. Leaf extractives of Gurciniu spicatu afforded an unidentified long chain carboxylic 
acid, friedelin, friedelan-3/?-01, sitosterol and the biilavanones GB-1, GB-la, GB-2a and morellollavone. 
Chemotaxonomic significance of the occurrence of some of the above foliar constituents in Colophyllum and Gurciniu 
species is discussed. 

INTRODUCrION 

The Guttiferae (Clusiaceae), a pantropical family of 
plants, is represented in Sri Lanka by 24 species dis- 
tributed in four genera of which 17 species are endemic to 
the country [2]. Of these, 11 species have been recorded 
for the genus Culophyllum and 10 for the genus Gurciniu, 
containing 10 and five endemic species, respectively. 
Reported medicinal uses of some Culophyllum [3] and 
Gurciniu [4,5] species prompted us to undertake this 
study and in this paper we present our results on the leaf 
extractives of the endemic species, Culophyllum culubu L. 
and the non-endemic species Gurciniu spicutu (W. & A.) 
Hook. f. 

The bark and timber extractives of C. culubu have been 
investigated previously and the occurrence of calabax- 
anthone, jacareubin, 6-deoxyjacareubin, 1,5,6--trihydroxy- 
xanthone, 1,6-dihydroxy-5-methoxyxanthone, 2,8-dihy- 
droxy-1-methoxyxanthone, 2-hydroxy-l,I-dimethoxy- 
xanthone, scriblitifolic acid, guanandin, taraxerol and 
taraxerone have been reported [6]. Previous investiga- 
tions of the bark of G. spicata have resulted in the iso- 
lation of three biflavonoids, Diz. (+)-fukugetin, (k)- 
fukugetin(morelloflavone)and (+)-3’-O-methylfukugetin 
[7-101. 

RESULTSANDDISCUSSION 

Calophyllum calabu 

The dried and powdered leaves of C. culubu were 
exhaustively and successively extracted with hot petrol 
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and hot ethyl acetate. TLC examination of the former 
extract revealed it to be a complex mixture. A partial 
separation of this was achieved by a re-extraction with hot 
methanol whereby the polar compounds went into sol- 
ution. These two fractions, methanol soluble and in- 
soluble, were further separated into acidic (sodium car- 
bonate soluble) and non-acidic fractions. The non-acidic 
fraction of the methanol soluble part of the petrol extract 
had mainly chlorophyll and its breakdown products and 
was not investigated further. 

The acidic fraction of the methanol soluble part on TLC 
showed it to be an inseparable mixture of two com- 
ponents. Thus, they were methylated (CHzN,) and sep- 
arated on silver nitrate impregnated TLC into two 
isomeric esters (see later). UV spectra of these indicated 
the presence of chromanone-chromene type chromo- 
phore and comparable ,vith those of some bark acids, 
previously isolated from several other Culophyllum 
species [3]. The phenolic nature of these compounds was 
indicated by the positive ferric chloride test (green colour). 
The ‘H NMR spectrum (Table 1) of one of the isomers 
was found to be identical with that reported [ 111 for 
chapelieric acid methyl ester (2), previously isolated from 
Culophyllum chupelieri. Comparison of UV, IR and MS 
data with those reported and the ‘“C NMR spectrum 
(Table 2) further confirmed its identity. 

The UV, IR and MS data of the other methyl ester were 
identical to those reported [ll] for 2, whereas ‘H and 
13C NMR spectra exhibited certain differences (see 
Tables 1 and 2, respectively) indicating this to be a 
stereoisomer of chapelieric acid methyl ester. The 
‘H NMR coupling constants (4.5 Hz) observed for the 
protons at C-l and C-2 of this isomer (5) compared with 
the J value of 12 Hz for the corresponding protons in 2 
suggested the relative configuration of the methyl groups 
at C-l and C-2 to be cis in this isomer (5) in contrast to the 
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Table 1. ‘H NMR data for chapelieric and isochapelieric acid derivatives [a/CDCl,(TMS)] 

Proton(s) 2 3 5 6 

Cl-H 
C2-H 
CS-OH 
CS-OAc 
C7-H 
C8-H 
C13-H 
C14-H 
Cl-Me 
C2-Me 
C9-Me2 
Ph 
CO,Me 

4.04 (m, J = 12 Hz) 
2.56 (m. J = 8 Hz) 

12.94 (s) 
- 

6.51 (d, J = 10 Hz) 
5.37 (d, J = 10 Hz) 
5.03 (t, J = 8 Hz) 
3.16 (d, J = 8 Hz) 
1.56 (d, J = 8 Hz) 
1.22 (d, J = 6 Hz) 

1.13 (s) 
7.20 (m) 
3.56 (s) 

4.31 (m) 4.53 (dm, J = 4.5 Hz) 4.38 (m) 
2.42 (m) 2.51 (dm, J = 4.5 Hz) 2.48 (m) 

12.76 (s) - 
2.31 (s) - 2.32 (s) 

6.48 (d, J = 10 Hz) 6.47 (d, J = 10 Hz) 6.46.(d, .I = 10 Hz) 
5.45 (d, J = 10 Hz) 5.33 (d, J = 10 Hz) 5.45 (d, J = 10 Hz) 
4.65 (t, J = 8 Hz) 5.0? (t, J = 8 Hz) 4.65 (t, J = 8 Hz) 
3.02 (d, J = 8 Hz) 3.13 (d, J = 8 Hz) 3.09 (d, J = 8 Hz) 
1.48 (d, J = 6 Hz) 1.28 (d, J = 8 Hz) 1.35 (d, J = 6 Hz) 
1.15 (d,J=6Hz) 1.50 (d, J = 8 Hz) 1.09 (d, J = 8 Hz) 

0.82 (s) 1.11 (s) 0.78 (s) 
7.18 (m) 7.15 (m) 7.15 (m) 

3.62 (s) 3.53 (s) 3.65 (s) 

Table 2. 13C NMR chemical shifts in methyl cbapelierate (2) and methyl iso- 
chapelierate (5) [G/(multiplicity) CDC& (TMS)] 

Carbon(s) 2 5 Carbon(s) 2 5 

1 78.8 (d) 
2 45.6 (d) 
3 173.2 (s) 
4 111.3 (s) 
5 143.5 (s) 
6, 11 101.7 (s) 

101.4 (s) 
7 125.9 (d) 
8 115.7 (d) 
9 78.0 (s) 

10 159.4 (s) 

76.0 (d) 12 
44.3 (d) 13 

173.3 (s) 14 
111.2 (s) 15 
143.3 (s) l-Me 
101.4 (s) 2-Me 
101.0 (s) 9-Me2 
125.8 (d) 
115.7 (d) Ph, o 
78.1 (s) m 

159.5 (s) 
OM: 

155.4 (s) 155.1 (s) 
34.7 (d) 35.0 (d) 
36.6 (d) 36.7 (d) 

161.3 (s) 161.8 (d) 
19.6 (4) 16.3 (4) 
10.1 (4) 9.4 (4) 
27.3 (9) 27.8 (9) 
28.3 (9) 28.1 (4) 

127.8 (d) 127.7 (d) 
127.7 (d) 127.6 (d) 
125.8 (d) 125.8 (d) 

51.5 51.4 (4) (4) 

truns arrangement in chapelieric acid methyl ester (2). 
Thus the two hark acids present in the original extract 
should he chapelieric acid (1) and its isomer, isochapelieric 
acid (4). This constitutes the first report of the occurrence 
of isochapelieric acid in nature. 

The acidic fraction of the methanol insoluble part 
consisted of mainly a single compound as indicated by 
TLC, which on purification by prep. TLC gave an 
unidentified fatty acid, mp 45-46”. The non-acidic frac- 
tion of the methanol insoluble part on prep. TLC afforded 
(in the order of increasing polarity) friedelin (7), friedelan- 
38-01 (8), canophyllal (9), canophyllol (lo), friedelan-38, 
2%diol (11) and canophyllic acid (12). The identities of 
compounds 7-10 and 12 were confirmed by comparison 
with authentic samples and the identity of 11 was 
confirmed by oxidation with CrO,-pyridine to obtain 9 
which was compared with authentic canophyllal. 

The hot ethyl acetate extract was washed with loo/, 
aqueous borax solution and the borax soluble fraction on 
usual work-up yielded a yellow solid. Purification of this 
by prep. TLC afforded a pale yellow crystalline solid, mp 
245-246”, giving the ferric chloride test for phenols (green) 
and magnesium-hydrochloric acid test for flavonoids 
(red). IR and UV spectra supported the flavonoid struc- 
ture whereas the MS fragmentation [ 121 indicated it to be 

the biflavonoid, amentotlavone (13). Acetylation with 
acetic anhydride-pyridine gave the hexa-acetate (14), 
mp 234-236”, [M]’ at m/z 538, whereas methylation 
with dimethyl sulphate-potassium carbonate-acetone 
afforded the tetramethyl ether (15), mp 228-229”. 

Garcinia spicata 

The dried and powdered leaves of G. spicata were 
exhaustively and successively extracted with hot petrol 
and hot ethyl acetate. The petrol extract on combined CC 
and prep. TLC afforded an unidentified long chain 
carboxylic acid, friedelin (7), friedelan-3fl-ol (8), and 
sitosterol. 

The ethyl acetate extract was separated into borax 
soluble and borax insoluble fractions. TLC examination 
indicated the former fraction to consist of one major 
compound and the borax insoluble fraction to be a 
complex mixture of compounds. Purification of the borax 
soluble fraction by TLC afforded an off-white crystalline 
solid, mp 216218”, giving positive response to phenol 
(ferric chloride--green) and flavonoid (magnesium- 
hydrochloric acid-red) tests. The characteristic UV 
maxima and shifts with sodium acetate and aluminium 
chloride indicated it to be a flavonoid dimer and this was 
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CO,R’ 

1 R’=R’=H 

2 R’= Me, R2=H 

3 R’=Me, R’=Ac 

4 R’ = Rz = H 

5 R’=Me,R2=H 

6 R’=Me,RZ=Ac 

7 R’=O, R*=Me 

8 R’= a-H, P-OH. Rz= Me 
9 R’=O, R’=CHO 

10 R’=O, R7=CH20H 

11 RI= a-H, B-OH, R’=CHzOH 

12 R’ = a-H. /3-OH, R2=COzH 

confirmed by negative ion MS (M+, mJz 558). The MS 
fragmentation and the ‘H NMR spectrum were identical 
to those reported [13-151 for the bitlavonoid GB-2a 
[1-~,11-~,11-5’,1-5,11-5,1-7,11-7-heptahydroxy-(1-3,11-8~ 
biflavone] [la]. 

The borax insoluble fraction of the ethyl acetate extract 
on separation by combined polyamide CC and silica gel 
prep. TLC afforded three further pigments which were 
identified as GB-la [l-4,11-4’,1-5,11-5,1-7,11-7-hexa- 
hydroxy-(I-3, II-8)-bitlavone] (17) [13-151, GB-1 [II-3, 
1-4’,11-4’,1-5,11-5,1-7,11-7-heptahydroxy-(1-3,11-8)-biflav- 
one] (18) [13-153 and morelloflavone (19) [16]. 

Chemotaxonomic aspects 

This constitutes the first report of the occurrence of 
bark acids in leaves of a Calophyllum species. Thus far 
about 27 Calophyllum species have been chemically in- 
vestigated and about 20 different bark acids have been 
encountered [17]. Chapelieric acid (1) has been isolated 
previously from C. chupelieri [ 111. This is the first report 
of the occurrence of isochapelieric acid (4) in nature. 
These two acids differ in the stereochemistry of the two 
methyl groups of the chromanone ring Papuanic and 
isopapuanic acids in C. papuanum [ 181 represent a pair of 
related stereoisomers. The billavanones have been more 
commonly encountered in genera Garcinin [ 133 and 
Allanblackia [ 161, both belonging to the tribe Garcineae 

of the subfamily Clusioideae [3]. All the biflavonoids 
encountered so far in Garcinia species contain (I-3,11-8) 
intertlavonoid linkage except for amentoflavone (13) and 
cupressullavone isolated from G. multipora [19,20] and 
G. liuingstonii [20], where the linkage is (I-8,11-8). Thus, 
the occurrence of amentotlavone in Calophyllum calaba is 
of chemotaxonomic signticance. It is interesting that G. 
spicata leaves contained both GB type biflavonoids, e.g. 
GB-1 (18), GB-la (17), GB-2a (16) and morelloflavone 
(19). A variety of triterpenes have been isolated from 
several species of the Guttiferae [3]. These include 
members of the friedelane, oleanane, taraxerane and 
adianane groups. However, in both species investigated in 
the present study triterpenes belonging only to the 
friedelane group have been encountered. 

EXPERIMENTAL 

General procedures. Mps are unwrr. UV spectra were recorded 
in EtOH. Unless otherwise stated, IR spectra were recorded in 
KBr discs and ‘H NMR spectra in CDCl, at 6OMHz and 
220MHz ‘% NMR spectra were measured in CDCl, at 
50.11 MHz Petrol refers to the fraction of bp 60-80”. Silica gel 
(Merck) plates (0.25 mm) were used for TLC; for prep. TLC these 
were 1 mm thick. 

Calophyllum calaba-extraction. Dried and powdered leaves 
of C. caluba (3.0 kg) collected at Kanneliya, Sri Lanka were 
successively and exhaustively extracted with hot petrol and hot 
EtOAc. Evaporation gave 149 g of petrol extract and 159 g of 



326 A. A. L. GUNAT~LAKA et al. 

R’O OR’ 

13 R’=R*=H 

14 R'=R'=Ac 
15 R'=Mc,RZ=H 

16 R'=H,R'=OH 
17 R’=R*=H 

18 R'=OH,R'=H 

HO 

OH 

OH 

19 

EtOAc extract. The former extract (30 g) was re-extracted with 
hot MeOH to obtain MeOH soluble (24.5 g) and MeOH 
insoluble (5 g) fractions. These two fractions in ether were 
separately washed with 10 % NasCOs to yield Na,COs soluble 
fractions of the MeOH soluble (fraction A; 18 g) and MeOH 
insoluble (8; 0.82 g); Na,COs insoluble fractions of MeOH 
soluble (C; 6.2 g) and MeOH insoluble (D, 4.0 g). Of these only 
fractions A and D were subjected to detailed investigations. 

Methyl chapelierate (2) and methyl isochapelierate (5). The 
fraction A (1.5 g) from above on prep. TLC yielded a mixture of 
inseparable acids (1.3 g) which was methylated (CH2NP) afford- 
ing a green gum (1.03 g). This methylated mixture (0.12 g) was 

separated by TLC (SiOa-5% AgNOs) to afford two isomeric 
esters as pate yellow gums. The less polar compound (0.077 g, 1.2 
x 10A6%) was found to have physical data compatible with 
those reported [ 11) for methyl chapelierate (2), except for 
rotation; [a]n -40.5” (c 2.0; CHCls), lit. - 165” [If]; 
UV rl&” rm~ (log E): 266 (4.40), 274 (4.60), 298 (4.00), 312 (4.10) 
and 370 (3.65); IR v gc’3 cm- ‘: 3300-3200 (OH), 1745 (CO), 
1720 (ester CO), 1620 (chromanone CO), 1345, 1100, 760,685; 
MS m/z (rel. int.): 436[M]+ (36), 421 (loo), 389 (14), 363 (29), 361 
(14), 333 (11), 291 (22), 259 (ll), 203 (ll), 121 (22), and 28 (36); 
for ‘H and ‘“CNMR data, see Tables 1 and 2. Acetylation 
of 2 with AczO in pyridine afforded the acetyl derivative (3), 
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