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The cyclic quinoline tetramer TEQ is a novel nitrogen ligand that can be regarded as a non-planar
porphyrinoid. It coordinates with a range of transition metals, showing great potential in
catalysis, including asymmetric transformations. Additionally, it shows promise as a fluorescent
material.

In this study, we designed and synthesized a cyclic quinoline tetramer,
TEtraQuinoline (TEQ), which features a 16-membered ring skeleton. TEQ is an N4-type macrocyclic
molecule similar to porphyrin, but it is characterized by its saddle-shaped structure and neutral
nature when acting as a ligand. TEQ forms complexes with a series of transition metals (Fe2+, Co2+,
Ni2+, Cu2+, Zn2+, and Pd2+), as confirmed by X-ray crystallography. A TEQ/Fe(1l) complex exhibited
high catalytic activity, promoting the dehydrogenation of benzylamine with catalyst amounts as low
as 0.1 mol%. TEQ also demonstrated strong fluorescence upon protonation and in the presence of Zn
(1) cations, indicating potential applications as structurally robust probes for acids and zinc.
Additionally, we synthesized a novel nitrogen macrocyclic ligand, In2Q2, consisting of two indoles
(In) and two quinolines (Q). Its saddle-shaped structure and formation of Zn complexes have been
confirmed.

Structural organic chemistry, Organic synthesis

TEtraQuinoline TEQ quinoline 1n2Q2 macrocyclic compounds



In recent decades, macrocyclic compounds, such as crown ethers, porphyrinoids and
calixarenes, have garnered considerable attention due to their wide-ranging
applications in chemistry, biology, and materials science. Consequently, the design
and synthesis of new macrocycles remain highly desirable. While there has been
significant progress in the development of porphyrinoids with pyrrole subunits, our
group is focused on studying macrocycles based on quinolines, a field that has been
largely overlooked for a long time.

In 2019, we developed the first member of this family, TriQuinoline (TQ), a cyclic
quinoline trimer connected at the 2- and 8-positions. TriQuinoline (TQ) is a planar,
12-membered macrocyclic molecule with a central cavity surrounded by three nitrogens.
It exhibits a superbinding ability to H", water solubility (despite a CLogP of 5.96),
supramolecular complexation via CH-1t /1t -1t interactions, and DNA intercalation.

This project aims to design new macrocyclic compounds that will significantly
contribute to organometallic chemistry, supramolecular chemistry, and materials science.
Given that the quinoline unit has been largely neglected as a fundamental building
block for macrocycle construction, we anticipate that incorporating quinoline nitrogens
will markedly alter the properties of these macrocycles. This research focuses on the
design and synthesis of novel cyclic quinoline oligomers, such as quinoline tetramers
TEtraQuinoline TEQ) and other quinoline-incorporated macrocycles. Additionally, the
application of TEQ as ligands, host molecules, and functional materials will be explored.

The synthetic routes for quinoline tetramers, such as TEtraQuinoline (TEQ), and other
quinoline-containing macrocycles, including a hybrid macrocycle with two indoles and
two quinolines (In2Q2), have been developed. TEQ is synthesized from a cyclic dimer of
quinoline-formanilide substrate and an alkyne in the presence of Tf,0 and pyridine
derivatives. Density Functional Theory (DFT) calculations were performed to gain a
deeper understanding of the reaction mechanism. Due to the C2-symmetric structure of
TEQ, the energy barrier for flipping was studied. The fluorescent properties of TEQ
have also been investigated. Additionally, the synthesis of TEQ/metal complexes was
achieved, and their structures were confirmed by X-ray crystallography. The catalytic
activity of the TEQ/Fe complex in dehydrogenation reactions was evaluated.

(1) The synthesis of TEtraQuinoline (TEQ) was realized from a cyclic dimer of quinoline-
formanilide substrate, in the presence of alkyne, Tf20 and pyridine derivatives. TEQ
had a rigid saddle-shaped structure that can acquire chirality (C2 symmetry) through
substituents on two of the quinoline rings. Optically pure TEQ was obtained via chiral
resolution and had a high flipping energy, resisting racemization even at 240° C,
indicating its potential as an asymmetric N4 ligand. TEQ exhibited intriguing chemical
and physical properties, including proton-responsive fluorescence and selective Zn*-
responsive fluorescence among E\F\
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(2) A TEQ-Fe(ll) complex displayed catalytic
activity in the dehydrogenation of amines to
produce 1imines, with various primary and
secondary amine substrates yielding imine
products in moderate to good yields and turnover
numbers up to 2250. Additionally,
chemoselective deprotection of the A-Bn group
over the A-Chz group was achieved, highlighting
the practicality of this methodology as a
complementary deprotection protocol to
reductive conditions promoted by Pd catalysis.

(3) We also developed a new saddle-shaped
tetradentate nitrogen ligand, 1n2Q2,
consisting of two indole (In) and two
quinoline (Q) units, showing different
properties compared with porphyrin,

Tetraindole and TEtraQuinoline. 1In2Q2  Porphyrin
Pyrrole x 4

had a non-flat saddle-shaped
architecture with C, symmetry. It can
coordinate with Zn? to form a neutral Zn
complex, acting as a dianionic ligand.
The fluorescence of In2Q2 was observed
in both the solution phase and solid
state, with emission maxima ranging from
456-527 nm depending on different
substituents.
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