
Phytochemistry. Vol. 26, No. 2. pp. 537-541, 1987. 003 I -9422/X7 $3.00 + 0.00 
Printed in Great Britain Pergamon Journals Ltd. 

KINABALINE AND THE APORPHINOID BIOGENESIS-OF 
AZAANTHRACENE AND AZAFLUORENE ALKALOIDS* 

DRAGANA TADI~; BRUCE K. CASSELS, MICHEL LEBOEUF and ANDRE CAVB~ 

Laboratoire de Pharmacognosie, UA 496 CNRS, Facultt de Pharmacie, 922% CMtenay-Malabry Cedex, France 

(Receid I I March 1986) 

Key Word Index-Meiogyne uirgata; Annonaccae.; kinabaline; azafluorene alkaloids; cleistopholine; aporphinoids; 
biogenesis. 

Abstract-The new azafluorene alkaloid kinabaline was isolated from Meiogyne uirgata, together with liriodenine, 
cleistopholine and other known substances. The azafluorene onychine and the azaanthracene cleistopholine can be 
related to the diazafluoranthene eupolauridine through a common hypothetical precursor derived from the 
oxoaporphine liriodtine. 

lNTRODLlCllON 

Meiogyne virgata is a rain forest tree attaining a height of 
20 m, which grows in Malacca, Java, Sumatra and Borneo. 
It is the type species of its genus, composed of ca seven 
species of trees and shrubs distributed between southern 
India and the Philippine Islands [2]. This genus is 
included in the Polyulthia group of the tribe Unoneae in 
Fries’ classification system [3], and both Fries and 
Hutchinson [4] agree in placing Meiogyne close to 
Polyalthia and Cananga, genera which have been ex- 
amined for secondary metabolites [S]. To the best of our 
knowledge, the chemistry of Meiogyne species has never 
been studied before. In this paper we report the results of 
an analysis of the trunk bark of hi. virgata collected on 
Mount Kinabalu, in Borneo (Sabah, Malaysia). 

RESULTS AND DISCUSSION 

The petrol extract of the bark gave undecane, dodecane, 
sitosterol and stigmast4en-3-one. Extraction of the 
bastied (NH,) plant material with CHICll afforded 
0.30 % of crude alkaloids which were separated by CC and 
TLC. The known bases isolated were the common 
oxoaporphine liriodenine, accompanied by its putative 
precursor noraporphines ( - tnorushinsunine and ( - )- 
anonaine as well as their close biogenetic relatives (-t 
asimilobine and the norproaporphine ( + )-stepharine, all 
presumably derived from (R)-coclaurine. Other bark 
alkaloids were several (S)-reticuline derivatives, the ber- 
bines ( - )-corydalmine, ( - )-discretamine and ( - )- 
stepholidine, together with the protoberberine dehydro- 
corydalmine and the aporphine (+)-corytuberine. A 
minor constituent (0.0009%) was shown to be I-aza4 
methylanthraquinone (I), isolated at about the same time 
from Cleistopholis patens (Annonaceae) and given the 
name cleistopholine [6]. 

l Part 69 in the series’AkaloYdes des Annona&es”. For part 68 
see ref. [l]. 

tTo whom correspondence should bc addrewd. 

As a sufficient amount ofcleistopholine was available, a 
long-range J-correlated heteronuclear (‘H-‘%) 
2DNMR spectrum (COSY) was recorded (Fig. 1) to 
remove the extant ambiguity in the original ‘HNMR 
assignments and to allow a complete interpretation of the 
“C NMR spectrum [6]. The key to the assignment of the 
very close signal pairs due to the benzene ring hydrogen 
and carbon nuclei was the nuclear Overhauser effect of the 
methyl protons on the neighbouring (C-10) carbonyl ’ 'C 
resulting in a much stronger signal at 181.9 ppm than at 
184.7 ppm. Analysis of the long-range (3J) ‘H-’ 3C coup- 
lings then produced the resonance attributions shown in 
Table 1. 

Traces (O.ooOl %) ofa yellow alkaloid giving an unusual 
purplish Dragendorff reaction could also be isolated. Its 
HREI mass spectrum showed an abundant [M]‘with the 
composition C15H,jN04 which lost H, CO and OH, 
successively. Alternative fragmentations observed in the 
LREI mass spectrum were the losses of a methyl group 
and of the elements of water from the [M] + . The 
‘HNMR spectrum indicated the presence of a methyl 
group bonded to an aromatic ring, two methoxyl groups, 
an isolated benzene hydrogen atom and an a,/? pair of 
pyridine hydrogen atoms of which the H-/l signal was 
broadened by long-range coupling with the C-methyl 
protons which resonated as a very tight doublet. The UV- 
VIS spectrum was complex and underwent bathcchromic 
shifts both upon acidification and on adding base. The 
spectral features observed in neutral and acid solution 
were reminiscent of those reported for onychine (Z), 
isolated from the Annonaceae Onychopetalum amaz- 
onicum [7j and Cleistopholis patens [6], and the shift seen 
in basic solution indicated the presence of a phenolic 
function. Both an intramolecularly hydrogen-bonded 
hydroxyl group and a low-frequency carbonyl group were 
evident in the IR spectrum. All these data could be 
accommodated by a 4- (or 1-@a-l- (or C)methylfluoren- 
9-one skeleton with a phenolic function and two methoxyl 
groups substituting the benzene ring. As the one-proton 
singlet appears near 6.4 ppm, the benzene ring hydrogen 
atom must be Ranked by two oxygen substituents. To rule 
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Scheme 1. Biogenetic relationships of oxoaporphine, diaxaBuoranthene. axaanthracene and axafluorene alkaloids. 

Scheme 2. Postulated metalloenxymecatalysed decarbonylation Pathway for a-aroylpyridine derivatives. 

merely represent the ‘tip of an iceberg’ which will emerge 
rapidly as the use of sensitive analytical methods in plant 
chemistry becomes more widespread. 

EXPERIMENTAL 

Plant material. Trunk bark and leaves of M. oirgoto (Bl.) Miq. 
were collected in Poring, on Mt. Kinabalu, Sabah, Malaysia, in 
July, 1982. Voucher spbcimens (WS 58) have been deposited at 
the herbaria of the Museum National d’tiistoire Naturelle, Paris, 
and of the Rijksuniversiteit, Utrecht. The identification was 
carried out by Dr. P. J. M. Maaa, of Utrecht. 

Extraction oj trunk bark. Powdered bark (3.15 kg) was ex- 
tracted with petrol @r-65”), dried, made alkaline with cone NH, 
and extracted with CH2C12. The Petrol ext was concd and 
subjected to CC on silica gel. Elution with hexane gave a mixture 
of alkanes (8 g) containing mainly undecane and dodecane (GC- 
MS). Elution with CH2C12 gave sitosterol (90 mg) and stigmast- 
4-en-3-one (4Omg). The CHICI extract was coned giving a 
gummy residue (10.3 g) which was fractionated by CC on silica 
gel using a CH#&-MeOH gradient. Liriodenine (2.6 g) crystal- 
lixed on concentrating the initial eluates. Corydahnine (930 mgh 
norushinsunine (720 mg), stepholidine (620 mg), discretamine 

. 

(620 mg), anonaine (70 mg), dehydrocorydahnine (50 mg), &is- 
topholine (1) (30 mgh asimilobine (10 mg), stepharine (10 mgA 
kinabalim (3) (4 mg), and corytuberine (2 mg) were Purified by 
prep TLC on silica gel. 

CIeistopholine (1). Yellow glassy solid. UV-VIS, IR, EIMS in 
agreemmt with published data [6]. ‘H and “CNMR see 
Table 1. 

Kinabcline (3). Amorphous yellow solid. ElMS m/z (rel. int.) 
272 [M+l]+ (9); 271.0864 [M]’ (72), C,,H,,NOd cak. 
271.0844; 270.0793 [M-H]+ (54), C,,H,zNOd cak. 270.0766; 
2% [M - CHJ] + (10); 253 [M - H,O] + (9); 243 [M -CO] + 
(17);242.0827 [M-H-CO]+ (100),C,~H,~NO~ca)c.242.0817; 
225.0795 [M - H-CMH] + (23), C,,H, *NO1 talc. 225.0790; 
212 (12); 199 (IO); 154 (IS); 149 (11); 143 (13); 128 (30). ‘H NMR 
see Tabk 2. UV (MeOH) 1, nm (log E): 208 (3.%), 222 (3.91X 
231 (3.93), 246 sh (4.01), 254 (4.12). 280 sh (3.723, 292 (3.77), 304 
(3.73), 388 (3.32). UV (MeOH + HCI) A,,,,,, nm (log& 209 (4.03), 
233 (3.95),252 sh (3.81), 292 sh (3.693, 304 (3.84). 316 (3.88), 410 
(3.24). UV (MeOH + NaOH)L, nm (loge): 220 (4.52), 247 
(4.18), 255 (4.18), 284 (3.95), 296 (3.%), 308 (3.92), 366 (3.66), 450 
(3.62). 

Dihydrokinaba/ine (3a) 3 (3 mg) in MeOH (1 ml) was treated 
with NaBH* at room temp. for 0.5 hr. The reaction mixture was 
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coned and purified by TLC on silica gel to give 3a (1.5 mg) as a 
pale yellow gum. ‘H NMR see Table 2. 
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