
  1 

 (+)-7-Bromotrypargine: an antimalarial β-carboline from the 
Australian marine sponge Ancorina sp. 
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Abstract— Mass-directed isolation of the CH2Cl2/MeOH extract from the Australian marine sponge Ancorina sp. resulted in the 
purification of a new antimalarial β-carboline, (+)-7-bromotrypargine 1, along with the previously isolated natural product, 6-
bromotryptamine 2.  The structure of 1 is determined by extensive 1D/2D NMR, and MS data analyses.  Comparison of the chiro-optical 
data for 1 with literature values of related natural products is used to determine the absolute stereochemistry of (+)-7-bromotrypargine as 
1R.  Antimalarial activity data for 1 and 2 against a chloroquine-resistant (Dd2) and chloroquine-sensitive (3D7) Plasmodium falciparum 
strain are also provided.  © 2021 Elsevier Science. All rights reserved 

——— 
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Malaria is an infectious disease caused by protozoan 
parasites belonging to the genus Plasmodium.  Each year 
up to 600 million infections occur worldwide, and over 1 
million people die from this disease.1  Approximately 3.2 
billion people – mostly in the poorest countries – are at risk 
of contracting malaria.1  Despite the presence of 
commercially available antimalarial drugs, the control of 
this ancient disease is increasingly limited by the 
emergence of drug-resistant strains of the Plasmodium 
parasite.2  Historically, natural products have played a 
major role in the treatment of this infectious disease. 3-5  
For centuries the indigenous people from South America 
have used the bark from the “fever tree”, Cinchona 
succiruba, for the treatment of malaria.3-5  The Chinese 
medicinal plant, Artemisia annua, has likewise been used 
as an antimalarial herbal remedy for hundreds of years.3-5  
Chemical investigations of Cinchona succiruba and 
Artemisia annua, identified the major active metabolites to 
be quinine and artemisinin, respectively.3-5  This research 
has subsequently led to the development of numerous 
antimalarial drugs based on these two important plant 
natural products.5  Unfortunately, resistance of the malaria 
parasite to current small molecule therapies and subsequent 
lack of efficacy, has highlighted the need for the discovery 
and development of new antimalarials. 

 

As part of our continuing research6,7 into the discovery of 
new antimalarial leads, we undertook high-throughput 
screening (HTS) of a prefractionated natural product 
extract library.  From the HTS data we identified one 
fraction derived from the sponge Ancorina sp. 
(Ancorinidae) that showed parasitic growth inhibition in 
the antimalarial imaging assay, and no cytotoxicity towards 
a human embryonic kidney cell line (HEK293).  MS 
analysis of the active fraction identified ions in the (+)-
LRESIMS at m/z 350/352, that were predicted to 
correspond to the bioactive natural product(s).  Mass-
directed fractionation on the large-scale CH2Cl2/MeOH 
extract resulted in the isolation of a new β-carboline 
alkaloid, (+)-7-bromotrypargine 1, along with the 
previously reported natural product, 6-bromotryptamine 2 
(Figure 1). Herein we report the isolation, structure 
elucidation and antimalarial activity of (+)-7-
bromotrypargine 1. 

 

 

 

 

Figure 1. Chemical structures of compounds 1-3. 
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The freeze-dried and ground Ancorina sp. was extracted 
with n-hexanes, CH2Cl2:MeOH (4:1), and MeOH.  All 
CH2Cl2/MeOH extracts were combined and 
chromatographed using C18 bonded silica HPLC 
(MeOH/H2O/0.1% TFA) to yield (+)-7-bromotrypargine (1, 
2.7 mg, 0.050% dry wt) and a less-polar fraction.  This later 
material required further purification using C18 bonded 
silica HPLC (MeOH/H2O/0.1% TFA) to ultimately yield 6-
bromotryptamine (2, 2.0 mg, 0.040% dry wt). 

The bis-TFA salt of (+)-7-bromotrypargine 1 was isolated 
as an optically active brown gum.8  The (+)-LRESIMS of 1 
displayed two pseudo-molecular ions of equal relative 
intensity at m/z 350 and 352, which indicated the molecule 
contained one bromine atom.  The 1H NMR spectrum 
(Table 1) of 1 displayed five exchangeable signals (δH 7.10 
(brs, 4H), 9.09 (brs, 1H), 9.62 (brs, 1H) and 11.34 (s, 1H), 
7.81 (t, J = 5.4 Hz, 1H), three aromatic resonances 
indicative of a tri-substituted ABX benzene system [δH 7.54 
(d, J = 1.8 Hz, 1H), 7.44 (d, J = 8.4 Hz, 1H) and 7.16 (dd, J 
= 8.4, 1.8 Hz, 1H)] and eight unique aliphatic signals [δH 
4.69 (brm, 1H), 3.34 (m, 1H)/3.57 (dt, J = 12.0, 4.8 Hz, 
1H), 3.19 (m, 2H), 2.93 (m, 2H), 2.13 (m, 1H)/1.92 (m, 1H) 
and 1.69 (m, 2H)], several of which appeared to be adjacent 
to heteroatoms.  HSQC spectral analysis enabled all the 
protons to be attached to their respective carbons.  The 
gCOSY spectrum of 1 supported the presence of a tri-
substituted benzene system, and also allowed the structure 
elucidation of two aliphatic spins systems, -CH-CH2-CH2-
CH2-NH-, and –CH2-CH2-.  The exchangeable proton 
singlet at δH 11.34 showed HMBC correlations with 4 
downfield carbons at δC 131.0, 106.5, 125.0 and 137.3.  
HMBC correlations from both the para-substituted 
aromatic methine protons δH 7.44 and 7.54 to carbons at δC 
125.0 and 137.3 allowed the construction of an indole 
system.  A strong ROESY correlation between δH 7.54 and 
the indole proton at δH 11.34 further supported this 
substructure.  The two contiguous methylene groups were 
attached to C-4a of the indole system based on HMBC 
correlations from δH 2.93 (H-4) to the carbons resonating at 
δC 131.0, 106.5 and 125.0.  A ROESY correlation between 
δH 2.93 and 7.44 confirmed this assignment.  The methine 
proton from the remaining aliphatic spin system, -CH-CH2-
CH2-CH2-NH-, also showed one 2JCH correlation with the 
C-9a indole carbon at δC 131.0.  A 1,2,3,4-tetrahydro-β-
carboline system was established based on HMBC 
correlations from the nitrogen substituted methylene 
protons, δH 3.57/3.34 (H-3a/H-3b), to the aliphatic methine 
carbon at δC 52.1.  The heteronuclear correlations observed 
for both the methylene signal at δH 3.19 (H-12) and the 
exchangeable proton at δH 7.81 (H-13) to a carbon at δH 
157.2 (C-14) indicated the presence of a guanidinium 
moiety9 at the end of the pendant spin system.  The 
bromine atom present in 1 was attached to C-7 (δC 114.7) 
of the indole system on the basis of the 13C NMR chemical 
shift17,18 and the 1H-1H coupling constants observed for the 
three aromatic methines, and their HMBC correlations.  
Hence the planar structure 1 was assigned to (+)-7-
bromotrypargine. 

Table 1.  NMR data for the bis-TFA salt of (+)-7-bromotrypargine 1.a 

position 13C  1H (mult., J in Hz, int.) gCOSY gHMBC 

1 52.1  4.69 (brm, 1H) 10a, 10b 9a, 10 

2  7.10b (brs, 2Hc)   

3 40.3 3.34 (m, 1H) 

3.57 (dt, 12.0, 4.8, 1H) 

3b, 4 

3a, 4 

1 

1, 4, 4a 

4 18.6 2.93 (m, 2H) 3a, 3b 3, 4a, 4b, 9a 

4a 106.5    

4b 125.0    

5 119.1 7.44 (d, 8.4, 1H) 6 4a, 4b, 7, 8a 

6 122.2 7.16 (dd, 8.4, 1.8, 1H) 5, 8 4b, 7, 8 

7 114.7    

8 114.0 7.54 (d, 1.8, 1H) 6 4b, 6, 7, 8a 

8a 137.3    

9  11.34 (s, 1Hc) 8 4a, 4b, 8a, 9a 

9a 131.0    

10 28.0 2.13 (m, 1H) 

1.92 (m, 1H) 

1, 10b, 11 

1, 10a, 11 

1, 9a, 11, 12 

1, 9a, 11, 12 

11 23.9 1.69 (m, 2H) 10a, 10b, 12 1, 10, 12 

12 40.3 3.19 (m, 2H) 11, 13 10, 11, 14 

13  7.81 (t, 5.4, 1Hc) 12 11, 12, 14 

14 157.2    

15  7.10b( brs, 2Hc)   

16  9.09b (brs, 1Hc)  

9.62b (brs, 1Hc)  

  

a Spectra were recorded in DMSO-d6 at 30 °C; 1H (600 MHz), 13C (150 
MHz). b Interchangeable signals. c Total number of exchangeable protons 
equals eight, since 1 was purified as its bis-TFA salt. 

 

Several natural products that are structurally related to 1 
have been previously reported in the literature. For 
example, (-)-trypargine was originally isolated from the 
skin of the African frog Kassina senegalensis, and was 
shown to display lethality towards mice on intravenous 
administration (10 mg/kg), causing death within two min 
by respiratory failure and paralysis.10  Both enantiomers of 
trypargine have been subsequently synthesized by a 
number of different research groups, and the absolute 
stereochemistry at C-1 determined by X-ray 
crystallographic and CD studies.11-14  Other related 
guanidinium β-carboline natural products include the 
neurotoxin, 6-hydroxytrypargine, purified from the venom 
of the spider Parawixia bistriata,15 and trypargimine and 1-
carboxytrypargine, which were both isolated from the 
marine ascidian, Eudistoma sp.16 

In order to determine the absolute stereochemistry of 1 we 
compared the optical rotation data for (+)-7-
bromotrypargine with literature values of the related natural 
products, whose absolute stereochemistry had been 
unequivocally determined.11-14  The optical rotation for the 
HCl salt of synthetic (-)-trypargine was reported as [α]D

21  -
37.3 (c 1.00, MeOH),13 while that of (+)-trypargine 3 has 
been reported as [α]D

15  +37.2 (c 0.54, MeOH)13 and [α]D
23  
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+34.3 (c 1.00, MeOH).11 We recorded [α]D
22  +20 (c 0.025, 

MeOH) for the bis-TFA salt of (+)-7-bromotrypargine 1.  
These data suggest that (+)-7-bromotrypargine has the 
same absolute stereochemistry as (+)-trypargine and hence 
we have assigned R absolute stereochemistry to C-1 of 1.  
Interestingly, this marine-derived trypargine analogue (+)-1 
has the opposite absolute stereochemistry to that of the 
naturally occuring terrestrial metabolite, (-)-trypargine.  
Trypargine has also been isolated from the marine 
environment, and was determined to be a racemic mixture 
based on optical rotation data, [α]D

25  0 (c 1.00, MeOH).16 

Compound 2 was determined to be 6-bromotryptamine 
following spectroscopic data comparison with literature 
values.17,18 

Compounds 1 and 2 were tested against both a chloroquine-
resistant (Dd2) and chloroquine-sensitive (3D7) 
Plasmodium falciparum strain.6,7   Preliminary toxicity 
towards human cells was investigated using a human 
embryonic kidney cell line (HEK293).6,7  (+)-7-
Bromotrypargine 1 was shown to display IC50 values of 5.4 
µM (Dd2) and 3.5 µM (3D7), and was inactive against the 
HEK293 cell line up to 80 µM.  6-Bromotryptamine 2 was 
inactive against both malarial strains and HEK293 when 
tested at several concentrations up to and including 80 µM. 

Malaria-focussed biodiscovery has identified hundreds of 
antimalarial plant secondary metabolites over the past 50 
years.19,5,20,21  In comparison, marine natural products have 
been under investigated, although there is growing interest 
in researching marine organisms for new small molecules 
that might have applications as antiplasmodial agents.22-25  

Examples of antimalarial marine-derived metabolites 
include manzamine A,26-28 lepadins D-F,29 6-
bromoaplysinopsin,30 and venturamides A and B.31 The 
above-listed natural products, in conjunction with these 
current studies, further supports the continued research into 
marine natural products and their potential application as 
new antimalarial leads or drugs. 

 In conclusion, we have isolated a new antimalarial β-
carboline, (+)-7-bromotrypargine 1, from the marine 
sponge Ancorina sp., and shown that this compound 
inhibits the growth of two Plasmodium falciparum strains 
(Dd2 and 3D7) with single digit µM IC50 values.   
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