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9 N-Allyl-N-ferrocenylmethylamines and ansa-
& Ferrocenylmethylamines: Synthesis, Structure, and
Biological Evaluation

Conferences more...

Maria Mazur,” Kamil Ziemkiewicz,” Karol Rawiak,” Kacper Kisiel,”’ Patrycja Winska,”
Krystyna Deresz,™ Katarzyna N. Jarzembska,” and Wiodzimierz Buchowicz**

allylamine and subsequent deprotection of the nitrogen atom.
The isolated N-allyl ferrocene derivatives were completely
characterized by spectroscopic techniques, whereas crystal
structures of four representative compounds were determined
using single-crystal X-ray diffraction. MTT assays showed that
these simple N-allyl ferrocene derivatives display anticancer
activity (MCF-7, A-549 and PC-3 cell lines) in the micromolar
range.

Reductive aminations of ferrocenecarboxaldehyde, ansa-ferro-
cenecarboxaldehyde, and 1,1'-ferrocene-dicarboxaldehyde with
allylamine, N-allylmethylamine, or N-allylaniline were investi-
gated. In the case of the dialdehyde only one formyl group
effectively reacted with N-allylmethylamine or N-allylaniline,
thus providing a simple route to aminomethyl aldehydes and
aminomethyl alcohol. 2-Aza-ansa[3] ferrocene was also ob-
tained by reacting the dialdehyde with one equivalent of

Sylwia Ewa Kutniewska
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A one-dimensional seed-skewness algorithm adapted for X-ray diffraction
signal detection is presented and discussed. The method, primarily designed for
photocrystallographic time-resolved Laue data processing, was shown to work
well for the type of data collected at the Advanced Photon Source and
European Synchrotron Radiation Facility. Nevertheless, it is also applicable
in the case of standard single-crystal X-ray diffraction data. The reported
algorithm enables reasonable separation of signal from the background in single
one-dimensional data vectors as well as the capability to determine small
Facuity of Chemnistry, Warsaw University of Te changes of reflection shapes and intensities resulting from exposure of the
Noakowskiego 3, 00-664 Warsaw, Poland sample to laser light. Otherwise, the procedure is objective, and relies only on
E-mail: wbuch@ch.pw.edu.p! skewness computation and its subsequent minimization. The new algorithm
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Spectroscopy, Electrochemistry, and Peculiarities of Their 2D and 3D
Supramolecular Organizations
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ABSTRACT: A new photoswitchable half-sandwich nitro Ni" complex with the
N-heterocyclic carbene ligand was synthesized and successfully crystallized. The
compound constitutes an analogue of a known nitrate nickel(I) compound,
[Ni(5°-Cp)(IMes)(NO;)] (Cp = cyclopentadienyl, C;H; IMes = 1,3-bis(2,4,6-
trimethylphenyl)imidazol-2-ylidene), and crystallizes with two symmetry-inde-
pendent molecules in the asymmetric unit. When irradiated with 470 nm light-
emitting diode light, the complex molecules undergo a photoisomerization reaction 100 K
in the solid state. Formation of the respective NO, group linkage isomers was
studied photocrystallographically at different temperatures. After irradiation of the
single-crystal sample for ca. 3 h at 100 K approximately 20% conversion of the 5'-
nitro (Ni—NO,) ligand to its exo-nitrito (Ni—ONOQ) form was observed. At ~130 K the exo-nitrito binding mode transforms
further to the more stable endo-nitrito conformation, whereas at temperatures higher than 175 K the crystal converts back to the
ground state. It appears that the photoisomerization reaction can be to some extent triggered, or additionally stimulated,
thermally. Consequently, the highest conversion level (ca. 90%) was achieved after sample irradiation at 145 K. Despite similar
molecular energies and intermolecular interactions, the two symmetry-independent molecules behave somewhat differently
upon irradiation and temperature changes. The photoerystallographic findings and molecular aspects were supplemented by
theoretical computations, including the quantum-mechanics/molecular-mechanics approach.

© 20,

4 ACS Publications
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1. INTRODUCTION

Molecular switches triggered by light‘ are among chemical
systems that may find various real-life applications. For
instance, they could be utilized in opto(bio)e]eclgronics,l“i as
photoresponsive (e.g., color-changing) materials,”* or in high-
capacity storage devices.” It is, therefore, important to
understand the mechanisms of molecular transformations to
sensibly control properties of such materials. In this respect,
single crystals constitute very convenient research objects
being characterized by a well-defined three-dimensional
structure.” In such case, structural distortions, as, for example,
new bond formations and atom oxidation state changes,
occurring along with light-induced processes, can be relatively
easily explored via Xeray diffraction techniques.”™'" The
knowledge about structural changes provides information on
the mechanisms of chemical transformations, on the nature of
metastable states, etc.'"'”

Among many photoactive substances transition-metal nitro
complexes are very interesting systems due to the presence of
ambidentate nitro (i.e, NO,) ligand in their structure and the
flexibility in designing new molecules of this kind by changing
or adding metal centers and organic ligands, which allows fine-
tuning toward the desired properties. The nitro group is able to
coordinate to the metal center in various ways, either via the
nitrogen atom, oxygen atoms, or both.'* Amidst the different
coordination modes, the nitro (~N(0Q),) and nitrito (—ONO)

isomers are most commonly observed, whereas the former one
is generally most stable (i.e., it is the most frequently reported
ground-state form in the crystal structures of transition-metal
complexes accord}n§ to the Cambridge Crystallographic
Database (CSD);' ™' it is also the most stable one regarding
nickel cqu;lexes as indicated by theoretical calcula-
tions).'*™*' The existence of a particular isomer depends
on several factors, such as temperature, metal-center type, or
even the synthetic route used to obtain the compound. The
nitro complexes are known to isomerize both in solution and in
the solid state, which can be achieved either thermally or
photochemically.**~*”

Half-sandwich nickel(II) complexes have recently gained
much attention thanks to their easy synthesis and many
interesting chemical and structural properties.”” In this
Contribution we present a nitro analogue of a recently
published nitrate compound, [Ni(#*-Cp)(IMes)(NO;)] (Cp =
cyclopentadienyl, C;Hs; IMes = 1,3-bis(2,4,6-
trimethylphenyl )imidazol-2-ylidene),* bearing the N-hetero-
cyclic carbene (NHC) moiety.® The original [Ni(#-Cp)-
(IMes)(NO,)] complex has been synthesized as a part of a
larger project dedicated to finding the optimal catalyst
facilitating the C—C bond formation in the polymerization of
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Abstract: The review provides a summary of the current methods of tracing photoexcitation pro- inorg. Chem. 2015, 58, 16712-16721
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cesses and structural dynamics in the solid state, putting major emphasis on the X-ray diffraction
techniques (time-resolved Laue diffraction on synchrotron sources and time-resolved serial fem-
tosecond crystallography on X-ray free-electron lasers). The recent developments and nowadays

experimental possibilities in the field are discussed along with the data processing and analysis

approaches, and illustrated with some striking literature examples of the respective successful stud-
ies. Selected complementary methods, such as ultrafast electron diffraction or time-resolved X-ray
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Expedient Synthesis of Oxaboracyclic Compounds Based on
Naphthalene and Biphenyl Backbone and Phase-
Dependent Luminescence of their Chelate Complexes

Krzysztof Durka,™ Paulina H. Marek-Urban,*® Krzysztof Nowicki,” Jakub Drapata,™
Katarzyna N. Jarzembska,™ Piotr taski,” Aleksandra Grzelak,” Marek Dabrowski,”
Krzysztof Wozniak,”™ and Sergiusz Lulinski*®
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Abstract: The approach to a series of six- and seven-
membered oxaboraheterocycles based on naphthalene or
biphenyl backbones was developed. The key synthetic step
involved Br/Li exchange in respective potassium
(bromoaryljtrifluoroborates followed by quenching with se-
lected electrophiles (CO,, DMF, Me,Si(H)Cl) and hydrolytic
workup, Two ring-expanded benzoxaborole congeners were
obtained by an additional reduction step with LiAlH, or
NaBH,. The obtained boracyclic compounds were character-
ized in detail by NMR spectroscopy and single-crystal X-ray

ic behaviour interpreted in terms of inversion of non-planar
seven-membered boraheterocycles. The acidity of the ob-
tained compounds varies very strongly (pK, ranges from 3,1-
9.6) depending on their structure. Due to the enhanced boron
Lewis acidity, selected compounds were used as a basis for
luminescent complexes with 8-hydroxyquincline. A strong
phase-dependent variation of emission-band maximum (480-
527 nm) and photoluminescence quantum yield (10-95%)
was observed, which was rationalized in terms of specific
aggregation effects.

e K.N. Jarzembska, SONATA PHOTO-TRACE: Tracing of photo-excited species in crystals and solution samples of coinage-metal coordination complexes, 2015-2020, National

Science Centre (Poland), 897,630 PLN
e S.E. Kutniewska, PRELUDIUM, NO2-SWITCH: Photocrystallographic studies of new photoswitchable 4th-row transition-metal nitro complexes, 2017-2021, National Science

\diffraction. Specifically, biphenyl-based systems show dynam-
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Photocrystallographic and spectroscopic studies of
a model (N,N,O)-donor square-planar nickel(ll)
nitro complex: in search of high-conversion and
stable photoswitchable materials

Sylwia E. Kutniewska,” Adam Kréwczynski,” Radostaw Kaminski,"* Katarzyna N.
Jarzembska,™* Sébastien Pillet,” Emmanuel Wenger” and Dominik Schaniel®

“Department of Chemistry, University of Warsaw, Zwirki i Wigury 101, Warsaw 02-089, Poland, and YUniversité de
Lorraine, CNRS, CRM2, F-54000 Nancy, France. *Correspondence e-mail: rkaminski85@uw.edu.pl,
katarzyna.jarzembska@uw.edu.pl

A mnew, cheap, easy-to-synthesize and air-stable photoswitchable nickel(IT)
complex, QTNINO,, is reported. The metal centre in QTNINO; is coordinated
by a nitro group and a [2-methyl-8-aminoquinoline]-1-tetralone ligand. The
compound crystallizes in the tetragonal space group I4,/a with one complex
molecule comprising the asymmetric unit, and the crystals are stable under
ambient conditions. Irradiation of the solid-state form of QTNiNO, with 530-
660 nm LED light at 160 K converts the ambidentate nitro moiety fully to the
nitrito linkage isomer which is stable up to around 230 K, as indicated by IR
spectroscopy measurements. The structures of all species present in the
examined crystals and their thermal stability were confirmed via X-ray multi-
temperature and photocrystallographic experiments. The impact of temperature
on the (photo)isomerization reaction taking place in a single crystal was
additionally investigated. The experimental results are supported by computa-
tional analyses of crystal packing and intermolecular interactions that influence
the isomerization process studied.

1. Introduction

Chemical compounds exhibiting specific photoactive proper-
ties, either in solution or even more importantly in the solid
state, have already found versatile applications in solar-energy
conversion and other fields ranging from molecular electronics
and photocatalysts through light-emitting devices (LEDs) to
biolabels (Alibabaei et al., 2013; Kamtekar et al., 2010; Kong et
al., 2017; Reineke et al, 2009). Photoswitchable transition-
metal complexes, in which the metal centre (e.g. Ni, Co, Pd,
Rh) is coordinated by ambidentate ligands, such as NO, NO,
or SO, moieties, are the most representative examples of such
systems (Kovalevsky er al., 2005; Hatcher et al., 2011, Hatcher,
Christensen et al., 2014; Cole et al., 2018; Sylvester et al., 2014;
Bowes et al., 2006; Schaniel et al., 2019, 2018; Schaniel, Nicoul
& Woike, 2010; Hatcher & Raithby, 2014, 2013; Cormary et al.,
2012; Coppens et al., 2002). Under certain conditions they can
be switched from the ground-state form to a metastable
linkage isomer by light of a suitable wavelength, which may
further influence their macroscopic properties, e.g. colour
(photochromism) (Schaniel er al., 2002; Mikhailov et al., 2019)
or refractive index (Goulkov et al, 2010; Schaniel et al., 2007).
Efficient and industrially desirable photoswitchable materials
should fulfil the following requirements: sufficient stability (i.e.
the compound itself and its excited/metastable-state form
should be chemically and thermodynamically stable at oper-
ating conditions), low cost, non-toxicity, and easy, high-yield
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