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Tryptamine Synthesis by Iron Porphyrin Catalyzed C–H Functional
ization of Indoles with Diazoacetonitrile
Angew. Chem. Int. Ed. 2019, 58, 3630–3634
Tryptamines are important endogenous signaling molecules
that play a pivotal role in biochemical processes like the regu
lation of the sleep–wake rhythm. The closely related sero
tonin possesses key regulatory functions in the cardiovascular
system and organ development and plays a central role as a
neurotransmitter in the central nervous system. The synthesis
of tryptamines is typically conducted following a classic r oute
starting with a Mannich reaction of an indole heterocycle,
followed by quaternization of the amine, nucleophilic substi

tution with highly toxic cyanide and final reduction (Scheme
1a).
Professor Koenigs (RWTH Aachen University, Germany)
and co-workers previously reported on carbene transfer re
actions of the underexplored and explosive diazoacetonitrile
reagent (Green Chem. 2017, 19, 2118–2122; Chem. Commun.
2017, 53, 6577–6580). Prof. Koenigs and Katharina J. Hock –
a PhD student in the Koenigs group – explained: “We were
intrigued by this small fascinating reagent and wanted to find

Scheme 1 a) Strategies for the synthesis of tryptamines. b) Realization of a flow-batch protocol for the synthesis of diazoacetonitrile
and subsequent iron(III)-catalyzed direct C–H functionalization of indole heterocycles. c) Selected examples of the substrate scope.
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Scheme 2 a) Enzymatic C–H functionalization reaction with the YfeX enzyme. b) Reaction in the presence of a radical scavenger.

solutions to make it commonly available for organic synthetic
chemists.” Building on their experience in continuous-flow
chemistry and the handling of highly reactive diazolkanes
(Chem. Eur. J. 2016, 9542–9545), the team set up the goal
of exploring C–H functionalization reactions. Prof. Koenigs
hypothesized that the reaction of diazoacetonitrile with

indole heterocycles should provide a streamlined and unpre
cedented access to tryptamines and their precursors.
Quite unexpectedly, the team identified a simple iron
porphyrin catalyst to be highly efficient in the direct C–H
functionalization of protected and unprotected indole hetero
cycles with diazoacetonitrile (Scheme 1b and 1c), and they
demonstrated the applicability of this transformation even
on gram-scale. Prof. Koenigs explained that the limitations of
the existing methods lay with the necessity of having e
 ither
expensive catalysts or cyclopropanation reactions of the i ndole
heterocycle with acceptor-only diazo compounds. “The syn
thesis of diazoacetonitrile using flow technology was crucial
for obtaining high yields and circumventing risks associated
with handling this explosive diazoalkane, as the reactive di
azoalkane is directly consumed by the catalyst after addition
to the reaction mixture and only diminutive amounts are pre
sent in the flow reactor,” commented Katharina J. Hock.
Prof. Koenigs teamed up with Jun.-Prof. Martin J.
Weissenborn (Leibniz Institute of Plant Biochemistry and
Martin-Luther University Halle-Wittenberg, Germany) who
had previously shown a carbene-transfer reaction (ChemCatChem 2016, 8, 1636–1640), and Dr. Junming Ho (University of
New South Wales, Sydney) to next investigate biocatalytic C–H
functionalization reactions with an iron–heme-containing

enzyme and to gain an understanding of the reaction mechan
ism of this transformation.
Jun.-Prof. Weissenborn and Anja Knorrscheidt – a PhD
student in the Weissenborn group – studied the reaction of
acceptor-only diazoalkanes with indole heterocycles using the
enzyme YfeX. “YfeX is a remarkably stable enzyme with an
impressive expression rate. The site-specific mutagenesis in
the active site improved the biocatalytic C–H functionaliza
tion reaction to more than 90 turnovers (Scheme 2a),” com
mented Jun.-Prof. Weissenborn.
The reaction mechanism of this C–H functionalization re
action was studied by using deuterium labeling experiments,
which however did not provide a clear mechanistic picture.
“Maybe there is a radical pathway involved in this C–H func
tionalization reaction,” suggested Dr. Ho. Indeed, reactions in
the presence of radical scavengers did not provide the desired
reaction product (Scheme 2b), thus supporting the hypothesis
of a radical pathway.
Prof. Koenigs concluded: “This protocol opens up not only
the possibility of pursuing safe applications of hazardous di
azoacetonitrile but also provides a new, operationally simple
route to important tryptamines starting from simple, com
mercially available reagents, also on gram-scale. Simple orga
nometallic or enzymatic iron catalysts were identified as being
highly efficient in this reaction and first experiments showed
an intriguing aspect of iron-catalyzed carbene-transfer reac
tions. The latter are currently under further investigations
from an experimental and theoretical perspective to gain a
better understanding of the underlying reaction mechanism.”
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