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Abstract: The transamination reaction, which involves the conversion of one amine to another,
traditionally relies on biological enzyme catalysts. Although chemists have recently developed few catalytic
methods, mimicking these enzymes to interconvert amine groups in acyclic substrates via transamination
metathesis of a single C(sp*)-N bond, transamination of cyclic tertiary amines has remained a long-
standing unsolved problem in synthetic chemistry.

Here, we present an unprecedented autocatalytic transamination metathesis of two C(sp?)-N bonds in a
cyclic substrate that allows for the challenging transformation to take place under exceptionally mild
and environmentally friendly reaction conditions. The methodology gives rapid and atom economical
access to N-substituted 1,4-dihydropyridines (1,4-DHPs), which are privileged structures in bioactive
compounds, pharmaceuticals and photoelectronic functional materials.

Introduction

Over myriads of years of evolution, nature has developed intricate enzyme -catalysts,
accomplishing the transfer of amino-nitrogen from oi-amino acids to a-keto-acids to produce their
corresponding amino-acids. This double displacement reaction may also be called a
transamination metathesis reaction, whereby two compound reactants AB and CD result in
products of AC and BD. In an attempt to follow nature’s efficient examples, chemists have
developed few biomimetic methods for transamination metathesis of C(sp*)-N bonds in the
laboratory. The ever increasing practical importance of carbon-heteroatom bond metathesis
reactions is underlined also by recent exciting examples of C(sp?)-S and C(sp?)—P bond metathesis
processes (/) (Fig. 1A).

Existing rare examples of C(sp?>)-N bond metathesis include secondary amide transamidation
reactions (2, 3) catalytic transamination of guanidines (4) and transamination of
dimethylaminomethyleneoxindoles (35).

Although some rare advances have been made with regard to the transamination of N-
substituted acyclic amines, which is emerging as a highly useful synthetic process,
transamination of cyclic N-substituted amines has remained an unsolved problem (Fig. 1B).
Cyclic amines are among the most valuable classes of compounds in chemistry and are ubiquitous
in bioactive compounds and pharmaceuticals. In particular, compounds comprising a 1,4-
dihydropyridine (1,4-DHP) scaffold play a central role in the development of blockbuster
pharmaceuticals (6-11), model compounds of redox coenzyme nicotinamide adenine dinucleotide
(NADH) (12, 13) and as hydride sources in synthetic chemistry (/4, 15). Remarkably, 2,6-
unsubstituted 1,4-DHPs exhibit strong blue fluorescence (16, 17), although 2,6-dimethyl-1,4-DHP
(Hantzsch ester) is not fluorescent. These properties of 2,6-unsubstituted 1,4-DHPs open up new
perspectives for their applications as photoelectronic functional materials (/8).
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Fig. 1. Transamination metathesis reactions. (A) Single o-bond C(sp?)-X metathesis reactions: schematic
presentation of previous work (/). (B) Double c-bond C(sp?)-N transamination metathesis reaction (this work).

(C) Design of autocatalytic double 6-bond C(sp?)-N transamination reaction.
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Furthermore, 4-arylated N-substituted 1,4-DHPs have drawn much recent attention in medicinal
chemistry, finding applications as anti-asthmatic (/9) or anti-cancer (20) agents and were also
reported as potential remedies for overcoming drug resistance (2/). Undoubtedly, through
variation of substituents at nitrogen in 1,4-DHPs, new compounds with strikingly different and
unprecedented properties can be obtained. Owing to this fact and constantly increasing
applications, N-substituted 1,4-DHP has become a privileged scaffold for synthetic methodology
development over the past few decades. Many advances have been made towards N-substituted
1,4-DHPs synthesis via modified Hantzsch reactions (22). However, the existing methodologies
imply the synthesis of each individual N-substituted 1,4-DHP to obtain diverse compound
libraries that are essential for structure-activity relationship (SAR) studies. Moreover, the existing
methods of their synthesis suffer from significant limitations, such as long reaction time, harsh
conditions and poor yields.

A direct and simple interconversion of functional groups at the N-atom of 1,4-DHPs, which
evidently could have a broad impact on medicinal chemistry and material science, has not been
reported so far. Herein, we describe development of an unprecedented transamination
metathesis of two C(sp?)-N bonds in 1,4-DHPs that allows for the challenging transformation to
take place under very mild reaction conditions and involving an autocatalytic process (Fig. 1C),
reducing reaction steps, effort, cost, time and waste production.

We envisioned that introduction of a suitable substituent at nitrogen, rendering the amine a good
leaving group, might allow to perform the direct and irreversible transamination of N-substituted
1,4-dihydropyridines and primary amines (Fig. 1C). To validate the feasibility of the proposed
double o-bond C(sp*)-N transamination metathesis reaction, the readily accessible N-(5-
bromobutyl)-4-phenyl-3,5-dinitro-DHP 1a was chosen as a substrate, since we expected that the
released 4-bromobutan-1-amine can directly react to pyrrolidine, which is a secondary amine and
cannot undergo the backward reaction to the initial DNDHP und thus makes the process effectively
irreversible (Fig.-s 1C (i7) and 2). Remarkably, the in situ formed pyrrolidine side product can
serve as a metal-free catalyst for the novel transamination process (Fig.-s 1C and 3C).

Notably, application of 3,5-dinitro-1,4-dihydropyridine (DNDHP), containing a pentyl group at
the N-atom (instead of a bromobutyl group) resulted in a reversible transamination reaction,
preventing a full conversion ((i), Fig. 1C). Therefore, the introduction of a bromobutyl group at
N-atom of 1,4-DHP substrate is indeed highly advantageous and makes use of the instability of in
situ formed 4-bromo-butyro-1-amine, which cyclizes to pyrrolidine (23, 24).

We carried out the designed reaction at room temperature in two different solvents:
dichloromethane (DCM) and acetonitrile (MeCN) using different DNDHPs 1a-d and primary
amines 2a-l (Fig. 2). All reactions were carried out for five hours. Reaction products 3a—f, 3h—,
obtained in both solvents, were isolated in good to excellent yields (up to 95%). Only a single
reaction towards 3g, carried out for 24 h, showed merely low conversion. A possible explanation
for the low yield might be the sterical hindrance exerted by the entering fert-butyl group. Notably,
a gram scale reaction (1.25 g of 1e) in DCM gave product 3e in 91% yield, which is only three
percent less than for the small scale experiment.
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Fig. 2. Scope of transamination metathesis reactions towards DNDHPs. Reaction conditions for DNDHPs 3a-f,
3h-I: primary amine (1.2 equiv), solvent, rt, 5 h; DNDHP 3g: reaction time: 24 h.
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Fig. 3. Mechanistic studies. (A) Conversion of 1a to 3a and formation of pyrrolidine in CD,Cl. (B) ESI TOF HRMS
measurement showing typical isotope pattern [M+H]" for product intermediate 4. (C) Proposed reaction mechanism
for transamination metathesis reaction.



To investigate the mechanism of this transamination process, the reactions of 1a and benzylamine
was monitored via 'H-NMR. One equivalent of 1a was mixed with 1 equiv. of benzylamine in
deuterated dichloromethane (used also as internal standard) and a '"H-NMR spectrum was recorded
every three minutes over 159 minutes (see SI). The conversion rate was determined by comparing
the integral heights of the starting material and the products. After plotting the conversion of the
starting material and of the formation of pyrrolidine and of 3a against the reaction time, sigmoidal
curves are obtained, which are characteristic for autocatalytic processes (Fig. 3A). From this, it
can be deduced, that formation of pyrrolidine promotes as an autocatalyst the formation of further
product 3a.

To gain deeper insight into the reaction mechanism, ESI-TOF HRMS of the reaction mixture was
also performed (Fig. 3B). 'H-NMR spectroscopy indicated absence of an intermediate species after
90 minutes, so HRMS reaction monitoring was stopped after 90 minutes. Besides the peaks for the
starting materials and the product, another isotope pattern of bromide and carbon was visible in
the mass spectrum and the structure of the intermediate could be assigned to intermediate 4.
Notably, also 'TH-NMR studies indicated the formation of this species (see SI).

With all these data in hand, a possible reaction mechanism is proposed (Fig. 3C). In the first step
of this four-step domino process, primary amine attacks DNDHP (1a) at C-2 via an aza-Michael
type reaction. Subsequent deprotonation of the product intermediate by in situ formed pyrrolidine
promotes ring opening towards intermediate 4. Next, a ring closure occurs via an intramolecular
aza-Mannich reaction followed by elimination under formation of new DNDHP and pyrrolidine.

In conclusion, we present a double transamination metathesis reaction that allows for the elusive
overall transformation to take place under extremely mild metal-free conditions. The metathesis
of two C(sp?)-N bonds proceeds at room temperature within only 5 hours and without use of
any external catalyst or additives. Instead, in situ formed pyrrolidine acts as an autocatalyst in
this four-step domino process (aza-Michael / ring-opening / intramolecular aza-Mannich /
elimination reaction) resulting in novel DNDHPs in mostly very good to excellent yields (up to
95%). The methodology allows the rapid structural diversification of 1,4-DHPs, with a good
functional group tolerance. We anticipate that the autocatalytic transamination metathesis
reaction, introduced here, will create new attractive opportunities in synthesis of new 1,4-DHPs
of interest for life and material sciences.
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