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Abstract-The wood and stem bark of Ervatamia heyneana (Apocynaceae) yielded 14 indole alkaloids and 3 
triterpenoids. Six of these isolates, camptothecin (2), 9-methoxycamptothecin (3), coronaridine (l), pericalline 
(25), heyneatine (18) and lo-methoxyeglandine-N-oxide (4) displayed cytotoxic activity. Three of the indole 
alkaloids 18, 4 and lo-hydroxycoronaridine (8) are new members in the iboga series and their structures were 
determined by a combination of spectral interpretation and chemical correlation. 

INTRODUCTION R 

The close botanical relationship of the genera Taber- 
naemontana, Pagiantha and Ervatamia has prompted 
numerous phytochemical investigations and the latter 
genus has yielded several types of indole alkaloids 
([l-lo]; Bruneton, J. et al., unpublished results quoted 
in ref. [lo]) and other constituents [8, 11-131. Our 
interest in the genus Ervatamia, particularly the In- 
dian plant E. heyneana (Wall.) T. Cooke 
(Apocynaceae), was prompted by the finding that an 
aqueous alcoholic extract of the roots of this plant 2 R=H 

displayed both cytotoxic and antitumor activity [14]. 3 R=OMe 

Tabemaemontana divaricata (L.) R. Br. (syn.: E. [2]. The aerial parts of E. heyneana were previously 
coronaria (Jacq.) Stapf) has been used as a cancer reported [17] as having marginal cytotoxic activity. 
remedy in Taiwan [15] but did not display cytotoxic We have previously reported [18] on the major 
activity [16]. Pugiantha dichotoma (Roxb.) Mgf. (syn.: contributors to the anticancer activity of the wood and 
E. dichotoma (Roxb.) Burk) did show anticancer activ- stem bark of E. heyneana, namely, camptothecin (2) 

ity, and Kupchan and co-workers isolated and 9-methoxycamptothecin (3) and wish now to de- 
coronaridine (1) as the active principle from the fruit scribe the isolation of several additional active com- 

pounds and the structure elucidation of 3 new iboga 

C22H26N205 and a UV spectrum very similar to that of 

R, R, R, 
voacangine (5). The substitution of the aromatic nuc- 

1H HH 
leus at C-10 by a methoxy group (6 3.84) at C-10 was 

5 OMe H H substantiated by the classic pattern of signals at 6.80 

8 OH H H (J=8.4, 2.4 Hz), 6.88 (J=2.3 Hz) and 7.14 (J=8.4 
20 OMe OH H Hz) for protons at C-11, C-9 and C-12, respectively. 
22 OMe =o Other signals revealed in the NMR spectrum included 
23 H OH H an ethyl side chain (triplet at 0.89 ppm) and a car- 

bomethoxy group (singlet at 3.68 ppm), and the latter 
* Part 15 in the series “Potential Anticancer Agents”. For was substantiated by an IR absorption at 1730 cm-l. 

Part 14 se& Gunasekera, S., Cordell, G. A. and Farnsworth, A loss of 16 amu from the M’ was attributed to loss 
N. R. (1979) J. Nat. Prod. 42, 658. of an oxygen atom by the thermal decomposition from 
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an N-oxide group [19] and the subsequent fragmenta- 
tion was similar to that reported [20] for 1 l- 
methoxyeglandine (6). Substantiation of this skeletal 
assignment came from the ohservation of a doublet of 
doublets (J = 8.8, 7.2 Hz) at 4.11 ppm for the C,, cy 
proton [21]. LiAlH, reduction of the isolate atforded 
voacanginol identical (NMK, MS, TLC) to the semi- 
synthetic product derived from voacangine (5). The 
new isolate is therefore ascribed the structure lo- 
methoxyeglandine-N-oxide (4). 

IO-Hydroxycoronaridine (8) was also obtained as an 
amorphous gum showing a M’ at ml/e 35-I 

(C,,H,,N,O,). Two of the three oxygen atoms were 
traced to a carbomethoxy group (1715 cm ‘, 6 ZS.70). 
and the third to a phenolic group showing a green 
color with ethanolic FeCI, solution and a hatho- 
chromic UV shift on addition of base. Location of this 
group at C-10 was apparent from the characteristic 
signals for C-9 H, C- 11 H and C- 12 H at 6.87. 6.6X 
and 7.08 ppm, respectively. Typical losses in the MS 
of methyl, ethyl and car-bomethoxyl radicals were fol- 
lowed by a series of ions at m/c 269 (9). 230 (10) and 
170 (11) containing the aromatic moiety. and corres- 
ponding to the ions m/e 283 (12), 244 (13) and 184 
(14) in the MS of voacangine (5) [22]. Ions at m/e 1% 
(15), 124 (16) and 122 (17) were also present in the 
spectrum of 8 and 5. On this basis, the isolate was 
assigned the structure lo-hydroxycoronaridinc (8). 

The third new alkaloid. (- )-hcyneatine (18) is a 
member of a new group of alkaloids within the iboga 
series as the data will indicate. A M’ at m/c 3X2 
(CZ3HzhN204) and the observation of both aromatic 
methoxy 6 3.84) and carbomethoxy (6 3.70) groups 
suggested that the final oxygen might be involved in an 

:‘“--* 
2 

-2, 

t&Me - 

4 R, = OMe. R2 =: H: Woxide 
6 R,=H, R,==OMe 

Me0 

1~ 
7 H 

19 OH 

ether moiety (no -OH, olefinic double bonds or 
ketonic CO) in order to account for the number of 
degrees of unsaturation indicated by the molecular 
formula. An ortho-coupled doublet (J = 8.4 Hz) at 
7.12 ppm demonstrated that the methosy group was 
located at C-10, and the similarity of the UV spectrum 
with voacangine (5) confirmed this. ions at m/c 244 
(13) and 1X4 (14) wcrc analogous to those in the MS 
of 5 1231. 

A 3-proton doublet at 1. I2 ppm indicated that <:- 19 
was substituted by oxygen and the observation of a 
singlet at 4.0 ppm integrating for one proton suggested 
that the ether bridge terminated at C-i. LiAIH, re- 
duction afforded 19S-voacangarinol (19) and NaBH, 
reduction yielded 1 YS-voacangarine (20). confirming 
the carhinolamine ether substitution at (‘-3. 

9 m/e 269 R=H 10 In/r 230 R = H 11 rnie 170 R= H 
12 m/e 283 R = Me 13 ftl,‘e 74-l R = Me 14 m/e 184. R = Me 

15 m/r 136 16 m/c 123 

24 25 26 
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Table 1. Y NMR data for selected iboga alkaloids from Eruatamia heyneana 

Carbon Coronaridine (1) 19S-Heyneanine (23) Voacangine (5) Voacangarine (20) 

2 137.4* 136.9* 138.2 138.0 

3 53.6 53.1 53.4 53.1 

5 52.2 52.3 52.0 52.0 

6 22.2 22.1 22.2 22.2 

7 110.9 110.9 110.6 110.7 

8 n.0. 129.7 129.9 129.5 

9 118.9 119.4 101.6 102.1 
10 119.8 120.4 154.8 155.5 

11 122.5 123.3 112.2 113.2 

12 110.9 111.5 111.4 112.2 

13 136.4* 136.6* 131.4 132.2 

14 27.7 27.5 27.5 27.5 

15 32.3 23.7 32.1 23.7 

16 n.0. n.0. 55.4 55.0 
17 36.8 37.7 36.6 37.7 

18 11.6 20.9 11.4 20.9 

19 27.0 72.1 26.8 72.1 

20 39.4 40.6 39.2 40.6 

21 57.7 60.5 57.5 60.5 

c=o 176.5 176.2 176.2 176.3 

COOMe 52.5 53.4 52.3 53.3 

ArOMe 56.2 56.8 

n.o. Not observed. 

*Indicates assignments may be reversed. 

In the 19-hydroxycoronaridine series assignment of 
stereochemistry may be made [24] from the 6 value of 
the C-18 doublet (19s 1.11 ppm; 19R 1.28 ppm) and 
the C-19 H (19s 4.13 ppm; 19R 3.81 ppm). (-)- 
Heyneatine displayed these signals at 1.12 and 4.08 
ppm in agreement with a 19s stereochemistry deter- 
mined by chemical correlation. (-)-Heyneatine is 
therefore (-)-3,19Soxidovoacangine (18). This is 
the first iboga alkaloid to be isolated having a 3,19- 
ether bridge. 

The basic alkaloid fraction also yielded the known 
alkaloids voacangine (5), coronaridine (l), voacangine 
hydroxyindolenine (21), voacryptine (22), 19S- 
heyneanine (23), 19S-voacangarine (20), 0-acetyl val- 
lesamine (24), pericalline (25), and 19,20- 

dihydrocondylocarpine (26). 
From the neutral fractions, two alkaloids 

camptothecin (2) and 9-methoxycamptothecin (3) 
were isolated [18] together with the triterpenes ursolic 
acid (0.003%), @-amyrin acetate (0.02%) and /3- 
amyrin (0.006%). The structures of these constituents 
were confirmed by comparison with authentic samples. 

13C NMR data were obtained for four of the alkaloids. 
The data for coronaridine (l), 19S-heyneanine (23) 
and voacangine (5) were in substantial agreement with 
those obtained previously [25] and the data for 19S- 
voacangarine (20) were deduced by analogy. These 
data are summarized in Table 1. 

The anticancer activity data for the isolated al- 
kaloids of E. heyneana are summarized in Table 2. 

Table 2. Cytotoxic activity of alkaloids of Eruatamia heyneana 

Compound 

P-388 lymphocytic leukemia 

in uirro, ED,, (pg/ml)* in uiuo (T/C mg/kg)t 

Voacangine (5) 

Coronaridine (1) (NSC-127490) 

Voacangine hydroxyindolenine (21) 

Voacryptine (22) 

19S-Heyneanine (23) (NSC-306218) 

19SVoacangarine (20) 
lo-Methoxyeglandine-N- 

oxide (4) (NSC-306223). 

lo-Hydroxycoronaridine (8) 

Heyneatine (23) (NSC-312884) 
0-Acetyl vallesamine (24) 

Pericalline (25) (NSC-85631) 

Dihydrocondylocarpine (26) 

Camptothecin (2) (NSC-94600) 
9-Methoxycamptothecin (3) (NSC-176323) 

42.0 

0.43 

26.0 

27.0 

7.4 

50.0 

3.2 

25.0 

1.6 
26.0 

3.8 

23.0 

0.053 181% 1.56 

0.0036 

* A compound is considered active if it displays an ED,,Z4.0 pg/ml [14]. 

t A compound is considered active if it displays a T/C> 130% [14]. 
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