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With over 2500 described structures, monoterpene indole 
alkaloids constitute a class of natural substances all derived 
from a single common precursor (strictosidine). These com-
pounds are fascinating both in terms of complexity and di-
versity and are, needless to recall in detail, of great biological 
value, especially in the field of pharmacology. The synthesis of 
such molecules represents a challenging task for organic che-
mists, as well as an opportunity for developing innovative syn-
thetic methods and strategies towards the assembling of these 
molecular scaffolds. Indeed, several research teams worldwide 
still consider monoterpene indole alkaloids as stimulating 
targets of choice in total synthesis. Even more challenging is 
the access to bis-indole alkaloids of this family. Among them, 
bipleiophylline, isolated from the bark of Alstonia angustifolia 
in Malaysia, has attracted attention since its discovery in 2008 
due to its extreme complexity (Org. Lett. 2008, 10, 3749). 
“For instance, it was recently pictured on top of a mountain 
‘to climb’ on the front cover of an authoritative book dealing 
with the design of synthetic strategies by Hanessian, Giroux 
and Merner (Design and strategy in organic synthesis: from the 
chiron approach to catalysis, Wiley-VCH,  2013),” confirmed  
Dr. Guillaume Vincent of the ICMMO, Université Paris-Sud, 
Faculty of Sciences (France). Pleiocarpamine, a known mono
terpene indole alkaloid, emerges as a constitutive key sub
structure of bipleiophylline. Two units of this monomer are 
anchored to pyrochatechuic acid via a benzofuroindoline and 
an isochromenoindoline as heterocyclic linkers.

To tackle the challenge of synthesizing bipleiophylline,  
Dr. Vincent’s group joined forces and knowledge with the 
team of Professor Erwan Poupon and Dr. Laurent Evanno (Bio-
CIS, Université Paris-Sud, Faculty of Pharmacy, France) within 
the framework of a grant from the French National Research 
Agency (ANR).

“Importantly, our group holds expertise in synthetic 
methodology dealing with the indole nucleus, and has devel
oped several methods to access the benzofuroindoline frame-
works that can be found in bipleiophylline (Angew. Chem. Int. 
Ed. 2012, 51, 12546; Angew. Chem. Int. Ed. 2014, 53, 11881; 
Org. Lett. 2014, 16, 5752), and also benefits from the expe
rience of Professor Cyrille Kouklovsky in all aspects of synthe-
tic organic chemistry,” said Dr. Vincent, who continued: “Fur-
thermore, the group of Erwan Poupon and Laurent Evanno 
specialize in natural product chemistry and has recently re-
ported the biomimetic transformation of indole natural pro-

ducts (Angew. Chem. Int. Ed. 2014, 53, 6419; Eur. J. Org. Chem. 
2015, 1894; Eur. J. Org. Chem. 2016, 1494).”

The first task was to develop a synthetic method to access 
selectively both the benzofuroindoline and isochromeno
indoline motifs from simple indole starting materials. “The 
previous methods published by our group proved to be un
suitable in the context of bipleiophylline and we decided to 
take advantage of the knowledge in biomimicry of our part-
ners in the Poupon/Evanno group to adopt a bioinspired 
approach,” said Dr. Vincent. Therefore, PhD student Natacha 
Denizot (ICMMO) generated a transient ortho-quinone with 
silver oxide from pyrocatechuic methyl ester on which a 
2,3-disubstituted indole could undergo a 1,6-conjugate addi-
tion to deliver the benzofuroindoline part which corresponds 
to the first objective of the methodology. “We were surprised 
and thrilled to note that the isochromenoindoline part, our 
second objective, was obtained via a 1,4-conjugate addition, 
simply by starting from the free benzoic acid instead of its  
methyl ester,” said Dr. Vincent, continuing: “The great poten-
tial of our method was demonstrated when we built, simul-
taneously, both the benzofuroindoline and the isochrome-
noindoline heterocyclic systems on the aromatic spacer when 
using an excess of the indole partner.”

“The efficiency of this method had then to be evaluated 
on complex indole alkaloids,” said Dr. Evanno and Professor 
Poupon. They revealed that postdoctoral researcher David 
Lachkar (BioCIS) first isolated tiny amounts of pleiocarpamine  
from Pleiocarpa mutica and Alstonia undulata (provided by  
Dr. Marc Litaudon and Dr. Vincent Dumontet, Institut de 
Chimie des Substances Naturelles, France) with the help of  
Dr. Mehdi Beniddir (BioCIS) and his students in the team. 
He then meticulously, and successfully, submitted this na-
tural starting material to the oxidative coupling conditions 
with pyrochatechuic acid and silver oxide. The spectral data 
of the mono-coupling product corresponded to natural pro-
duct voacalgine A (Tetrahedron 2013, 69, 10869). The ori
ginally assigned structure of the latter was thought to contain 
a benzofuroindoline unit. “Based on the selectivity obtained 
during the method development, we decided to reinvestigate 
the structure of voacalgine A by 2D NMR including HMBC. In-
deed, we reassigned its structure which proved to contain an 
isochromenoindoline,” said Dr. Evanno and Professor Poupon. 
Finally, voacalgine A, the postulated biosynthetic precursor of 
bipleiophylline, was subjected to a second oxidative coupling 
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in the presence of pleiocarpamine which allowed the ‘climb
ing partners’ to reach their summit, since bipleiophylline was 
obtained in two steps and 3% yield from pleiocarpamine.

Dr. Vincent concluded: “To further demonstrate its syn-
thetic potential, robustness and to access molecular diversity, 
the synthetic method was applied to a few indole alkaloids 

such as geissoschizine, yohimbine, and ajmalicine. Several iso-
chromenoindoline natural-product-like derivatives were thus 
obtained.”
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