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Synthesis of Medicinally Relevant Oxalylamines via Copper|[Lewis

Acid Synergistic Catalysis

Sci. Adv. 2021, 7, eabh4088; DOI: 10.1126/sciadv.abh4088

Allylamines, especially those with easy-to-transform
functional groups, are a critically important class of building
blocks in the fields of organic synthesis and medicinal chem-
istry.! Typically, these compounds are also versatile synthetic
intermediates in the atom-economical construction of alkal-
oids, amino acids, and complex natural products. “Transition-
metal-catalyzed amination of olefins is an atom-economical
pathway to construct ubiquitous C-N bonds,?*” said Professor
Huanfeng Jiang, from the South China University of Technol-
ogy (Guangzhou, P. R. China), whose research interests focus
on the construction of C-C and C-X (X =0, N, S, etc.) bonds of
unsaturated hydrocarbons catalyzed by transition metals with
green oxidants. “Despite the simplicity and high efficiency of
this reaction, amines with free N-H units often coordinate to
transition metals more strongly than olefins, thus remarkably
decreasing the reactivity of the catalyst.*> However, current
strategies mostly build the E-type allylamines” added Pro-
fessor Jiang, explaining that efficient and selective synthesis
of Z-allylamines still remains a challenging task due to their
thermodynamic instability.® “Electron-rich alkoxyallenes, as a
kind of olefin with multiple reaction sites and high activity,
may solve the problem of the insufficient coordination ability
with the catalyst in the traditional amination process,” said
Professor Jiang. “Lewis acids are known to have an empty or-
bital, which can coordinate with a lone pair of electrons on
the oxygen atom,” continued Professor Jiang, who added: “We
envisioned that merging an oxygen atom in alkoxyallenes
with a Lewis acid might effectively tune the selectivity of the
accumulated double bonds. Meanwhile, the synergy effect
of the copper atom and a Lewis acid would ensure the con-
trol of the configuration over the activated intermediate.” To
verify the feasibility of this strategy, Master’s student Ziying
Wau tried to employ phenyl 1,2-propadienyl ether and N,2-
dimethylaniline as the model substrates. As expected, when
utilizing Cu(OAc), as a catalyst and AgF as Lewis acid in CH,Cl,
at 50 °C for 6 hours, the hydroamination product (Z)-3a
(Scheme 1) could be obtained, and the desired chloraminated
product (E)-4a were afforded by using 60 mol% CuCl, under an
oxygen (1 atm) atmosphere.

Ms. Wu then undertook a comprehensive screening of re-
action conditions, demonstrating that Lewis acid and copper
catalyst were essential for the success of this hydroamination

reaction and CuX, could work as both the catalyst and Lewis
acid, playing the role of halogen source to realize the amina-
tive difunctionalization of allenes. To the group’s delight, this
efficient amination of allenyl ethers showed broad substrate
scope and high turnover number (TON > 1000). Moreover, the
synthesis and late-stage functionalization of pharmaceutically
relevant molecules and natural products, such as desipramine
and pramoxine, were also feasible. “However, some products
were obtained as Z- and E-type mixtures and the polarities of
these isomers were very similar, which brought some troubles
to the separation and purification work,” remarked Ms. Wu,
continuing: “Eventually, we successfully separated several iso-
mers through preparative chromatography.”

To gain more insight into the mechanism of the amina-
tion process, the group carried out a series of control experi-
ments, including a deuterium labeling study, radical trapping
experiments, and kinetic analysis experiments (Scheme 2).
Professor Wanging Wu, from the South China University of
Technology (P. R. China), revealed that Ms. Wu made some
interesting discoveries, specifically that the hydroamination
and chloramination reactions might go through different
pathways (Scheme 3) because of the different coordination
by different Lewis acids. “A first-order dependence just on the
concentration of Cu catalyst revealed that hydrolysis should
be the rate-determining step, and the coordination and toxic
effect of amines could be ignored,” said Professor Wu, who ad-
ded: “Such a copper/Lewis acid synergistic catalysis may bring
some enlightenment to other types of amination reactions.”

Professors Jiang and Wu concluded: “In short, the reaction
exhibited broad substrate scope for amines as well as alkoxy-
allenes, which might provide a feasible way to synthesize
valuable medicinally relevant oxallylamines. Our group will
continue to explore efficient and green synthetic methods in
the field of transition-metal catalysis to construct high-value-
added chemical drugs and functional molecules.”
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Scheme 1 Synthesis of medicinally relevant oxalylamines via copper/Lewis acid synergistic catalysis: Reaction design and develop-
ment, and selected examples

© 2022. Thieme. All rights reserved. Synform 202202, A22-A26 - Published online: January 18, 2022 « DOI: 10.1055/s-0040-1720549

v



A24

Literature Coverage

Mechanistic insight
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Scheme 2 Synthesis of medicinally relevant oxalylamines via copper/Lewis acid synergistic catalysis: Mechanistic investigations
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Scheme 3 Synthesis of medicinally relevant oxalylamines via copper/Lewis acid synergistic catalysis: Proposed mechanism
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