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Metalnlcycloparaphenylenes (m[n]CPPs) as well as N-heterocyclic
carbene (NHC) gold())-complexes are intriguing building blocks for
material and life sciences due to their extraordinary structures
resulting in unique photophysical properties. Herein, we report
the combination of a m[6]CPP with a N-heterocyclic carbene
serving as a ligand in a linear gold())-complex possessing the form
[AuBr(NHC)]. Solid-state structures of both the precursor and the
complex are presented and discussed. Moreover, we investigated
the luminescence properties of both the imidazolium intermediate
and the corresponding gold(i)-complex.

The development of novel concepts for fluorophores is driven by
the constant quest for an improvement of the materials regarding
their required properties in material and life sciences. In recent
years, the combination of organic fluorophores with gold-NHC (N-
heterocyclic carbene) complexes has become a common strategy to
create hybrid materials that exhibit unique properties, not only
useful in catalysis,"” or as precursors for gold nanomaterials,>™®
but for biological applications as well.”*?

The increased interest in NHCs can be attributed to the
strong o-donating capability of NHCs, which allows for the
formation of coordination bonds with a wide range of transi-
tion metals throughout the periodic table. Moreover, NHCs
demonstrate the unique ability to stabilize transition metals in
both lower and higher oxidation states."*°

A relatively new class of unique organic fluorophores are
meta[n]cycloparaphenylenes (m[n]CPPs), published in 2019 by
the group of Jasti."” These m[n]CPPs exhibit a similar absorbance
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pattern to their all-para derivatives, but with a slight shift in
wavelength from 340 nm to 327 nm."® The absorption maxima at
these wavelengths are attributed to the transition between the
HOMO and the LUMO+1 or LUMO+2 states. Unlike their [n]CPP
counterparts, the m[n]CPPs display a broken orbital centrosym-
metry, resulting in the presence of a secondary absorption
shoulder in their spectra. This unique feature is attributed to
the visible HOMO to LUMO transition. Additionally, both the
m[5]CCP and the m[6]CPP exhibit emission maxima that are size-
dependent as well. This size-dependency in emission is a con-
sequence of the partial planarization of the phenylene backbone.
The fluorescence exhibited by these smaller m[n]CPPs makes
them intriguing candidates for application in organic chemistry,
materials science, and life sciences."®™® In 2023, our group
successfully developed a convenient synthesis strategy towards
different substituted m[6]CPPs.>* Therein, we could demonstrate
that the nitrile functionality can work as a convenient handle
towards functional group conversion reactions without changing
the absorption and emission maxima. We herein present the
synthesis of a Au(1))-NHC methylene bridged m[6]CPP as a con-
tribution to the ever-expanding areas of Au(1)-NHC chemistry and
m[n]CPPs. Doing so, we planned to synthesize a m[6]CPP-NHC
precursor, which should provide a platform to investigate the
influence of the core structure on the m[6]CPP and vice versa.
Moreover, this combination of m[6]CPP with a NHC-ligand will
open new research areas for this new compound class, including
materials and life sciences, as well as (organo)metal chemistry.
Initially, we focused on the synthesis of a Au(i)-NHC complex
based on imidazolinium core motif 4 (Scheme 1, left). Therefore, we
started with the conversion of nitrile-m[6]CPP 1 into its amino-
methylene derivative 2 in a yield of 78%. The subsequent amide
coupling reaction was carried out using a modified protocol based
on Steglich esterification. After purification, we were able to success-
fully synthesize the desired m[6]CPP-oxalamide 3 in a yield of 63%.
However, despite our best efforts we were not able to realize the
subsequent reduction step to obtain the desired oxalic diamine
required for the preparation of the desired carbene precursor 4.
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Scheme 1 Synthetic strategies towards imidazolinium chloride 4 and imidazolium bromide 7. While the synthesis of 4 was not successful, imidazolium
bromide 7 was turned into Au(l)-complex 8 using potassium carbonate and [AuCl(SMe,)]. For clarity, the m[6]CPP motif is abbreviated as mCPP-labelled

green hexagons. 02s — yield over two steps.

In a second approach, we designed imidazolium precursor 7
substituted with m[6]CPP connected through a methylene-
bridge to the imidazole core as well (Scheme 1, right). It is a
common observation that such precursors tend to exhibit
enhanced stability when compared to their saturated analogues.
We decided to introduce a methyl group as a second wingtip on
the envisioned Au(i)-complex 8 as this would enable us to use
the commercially available 1-methyl imidazole and carboxy-
m[6]CPP 5 as building blocks. Commencing from CN-m[6]CPP
1 once again, we proceeded with a synthetic protocol towards
the carboxylic acid developed by our group.>* The yield of carboxy-
m[6]CPP 1 was substantially improved to 99% by conducting the
synthesis on a larger scale, which allowed us to just wash the
product with cold ethanol and water for purification instead of
applying purification via column chromatography. After obtaining
carboxy-m[6]CPP 5, we carried out a two-step synthesis sequence
using first, LiAlH, and then PBr; as the reagents. By following this
approach, we successfully synthesised important intermediate
(bromomethyl)-m[6]CPP 6 within two steps with a decent yield of
44%. Finally, we added N-methyl imidazole to (bromomethyl)-
m[6]CPP 6, leading to the formation of imidazolium salt 7 with a
very good yield of 81%. With imidazolium salt 7 in hand, we
demonstrated its applicability as an [AuX(NHC)] ligand.

There are three main approaches for the synthesis of metal-
NHC complexes, all of which share the utilization of an imida-
zolium salt or its derivatives."**>” Among them, the so-called
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weak-base approach, independently developed by Nolan et al.>®
and Gimeno et al.*” in 2013, seemed to be a promising strategy
for our approach. It uses a weak, cost-effective base and solvents
like NEt;, NaOAc, K,CO3;, DCM, or acetone. This method is also
compatible with ambient atmospheric conditions. Following
their protocol, we stirred a solution of the imidazolium pre-
cursor 7 together with the Au(i) precursor [AuCl(SMe,)] and
K,CO; at 60 °C in acetone overnight. After evaporating the
solvent and conducting further purification, we successfully
isolated [AuBr(NHC)] 8 in 58% yield. Halide scrambling is a
common observation, in the case of different counterions.
However, analysis of compound 8 by NMR, IR spectroscopy,
mass spectrometry and elemental analysis confirmed its
homogeneity.

Single-crystals of imidazolium 7 suitable for X-ray diffraction
measurements were obtained by vapour diffusion of n-pentane
into a saturated solution of 7 dissolved in a 1:1 mixture of
acetonitrile and dichloromethane (Fig. 1, left). Similarly, crystals
of [AuBr(NHC)] 8 were obtained. In that case, the solid was
dissolved in a 1:1 mixture of 1,2-dichlorobenzene and 1,2-
dichloroethane and n-pentane was used for vapor diffusion
(Fig. 1, right), resulting in minor solvate disorder, which has been
addressed. Additionally, the structure has crystallographically-
imposed mirror-symmetry.

Upon coordination and formation of the Au(i)-complex, the
bond angle between N(1) and C(1) opened to 111.1°. Complex 8

This journal is © The Royal Society of Chemistry 2024
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Fig. 1 Absorption (left) and emission (right) spectra of CN-m[6]CPP 1 (black),
imidazolium bromide 7 (yellow), and the [AuBr(NHC)] complex 8 (red).

shows an approximately linear two-coordinate geometry at the
Au(i)-centre, as the C(23)-Au(1)-Br(1) angle is measured to be
179.7°. Moreover, the bond lengths within the imidazole core
changed to 1.345 A and 1.361 A, respectively, while the bond
length between C(23) and Au(1) was 1.975 A.

Regarding the torsional angles, the m[6]CPP segment of 7
shows smaller values, ranging from 50° to 16°, compared to
nitrile-substituted derivative 1 (56° to 23°).>* These torsional
angles change upon coordination of the gold(1)-species ranging
now from 58° to 17°.

Solution-state UV/Vis absorption and luminescence spectra
were measured for both imidazolium-bromide 7 and complex 8
in chloroform. The absorption spectra of both substances show
the characteristics of the m[6]CPP substituent, recognisable by
the sharp absorption shoulder at around 326 nm and the broad
shoulder at around 405 nm. While the main absorption is
assigned to the HOMO—1 to LUMO and HOMO to LUMO+1
transitions, the second absorption shoulder is represented by
the HOMO to LUMO transition.'” This was further confirmed
by density functional theory (DFT) calculations at the PBEO/
ZORA-def2-TZVPP level (for more details see ESIt).

The fluorescence properties of 7 and 8 have been investi-
gated under ambient conditions in chloroform solutions. Both
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imidazolium 7 and Au(1)-complex 8 show two emission maxima
at 493 nm and 519 nm, respectively, after irradiation with a
wavelength of 326 nm. These maxima fit very well to the
maxima of CN-m[6]CPP 1, which was measured under the same
conditions.>® The fluorescence quantum yields of both sub-
stances have been determined to be 0.14 (7) and 0.22 (8) using
CN-m[6]CPP 1 (¢ = 0.24)** and CN-m[10]CPP (& = 0.71)** as
standards. The emission spectra are presented together with
the experimental absorption spectra in Fig. 2.

In conclusion, we have successfully combined an intriguing
chromophore (m[6]CPP) with the ligand NHC to design a novel
Au-based complex. For the preparation, we have been able to
utilize our post-functionalization protocol of CN-m[6]CPP 1 to
access the asymmetric substituted m[6]CPP-oxalamide 3 and
the imidazolium bromide 7. The latter has been subjected to
the synthesis of [AuBr(NHC)] complex 8. The photophysical
properties of both the precursor 7 and the final complex 8 are
dominated by the m[6]CPP moiety. Although the quantum yield
dropped significantly for the imidazolium precursor 7 compared to
the unsubstituted m[6]CPP, this could be partially restored within
gold(i)-complex 8. Moreover, theoretical calculations supported our
experimental observations that the main radiative transitions just
occur inside the m[6]CPP part, which is electronically decoupled
from the other parts of the molecule. Additionally, investigations of
the buried volume and steric properties are presented. With
presenting the first example of a m[6]CPP gold(1)-complex, this
novel compound combination will open new research fields includ-
ing material and life sciences, as well as (organo)metal chemistry to
the relatively young compound class of m[n]CPPs.

The data that support the findings of this study are available
in the ESIf of this article. Deposition numbers 2303780 (for
compound 7) and 2310446 (for compound 8) contain the
supplementary crystallographic data for this paper.
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Fig. 2 ORTEP drawings of imidazolium bromide 7 and [AuBr(NHC)] complex 8 at 50% probability. Additionally, important structural parameters are
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