Revista Colombiana de Quimica, Volumen 41, nro. 3 de 2012

Rev. Colomb. Quim., 2012, 41(3): 349-358

Aroylhydrazones as potential systems for information storage:
photoisomerization and metal complexation

Las aroilhidrazonas como sistemas potenciales para
el almacenamiento de informacién: fotoisomerizacién
y complejacién de metales.
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ABSTRACT

Aroylhydrazones are compounds formed
from the condensation of an acylhydra-
zine and an aldehyde. These compounds
exhibit dynamic reversible properties
such as isomerization photochemica-
lly and thermally activated, hydrazine
substitution and coordination to metallic
centers. All these together represent sys-
tems with multiple dynamics suitable for
information storage devices and for the
design of molecular photoswitches.

Key words: aroylhydrazones, stora-
ge, photoisomerization, metal complexa-
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RESUMEN

Las aroilhidrazonas son compuestos for-
mados a partir de la condensacién de una
acilhidrazina y un aldehido. Estos com-
puestos presentan propiedades dindmicas

reversibles tales como la isomerizacion
activada térmica y fotoquimicamente, la
sustituciéon de hidracina y la coordina-
cion con centros metalicos. Todas estas
representan sistemas con dindmicas mul-
tiples apropiadas para dispositivos de al-
macenamiento de informacién y para el
disefio de foto-interruptores moleculares.

Palabras clave: Aroilhidrazonas, al-
macenamiento, fotoisomerizacion, com-
plejacion de metales.

RESUMO

Aroilhidrazonas s3o compostos for-
mados a partir da condensagdo de uma
acilhidrazina e um aldeido. Estes com-
postos apresentam propriedades rever-
siveis dindmicas, como isomerizacio
fotoquimica e termicamente ativada,
substitui¢do de hidrazina e coordenacio
de centros metalicos. Todos estes em
conjunto representam sistemas com mul-
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tiplas dindmicas adequadas para disposi-
tivos de armazenamento de informacodes
e para o desenho de fotodispositivos mo-
leculares.

Palavras-chave:  Aroilhidrazonas,
armazenamento, fotoisomerizagdo, com-
plexacao de metais.

INTRODUCTION

Aroylhydrazones, oximes, hydrazones
and, in general, imines exhibit very in-
teresting properties such as configura-
tional dynamics arising from their E/Z
isomerization photochemically and ther-
mally induced. (1,2) It has been conjec-
tured, that this feature provides imines
with the attributes of unidirectional pho-
toactivated molecular motors, (2) as they
proceed through different isomerization
pathways, photoinduced out-of-plane ro-
tation about the C=N bond and therma-
lly-activated in-plane nitrogen inversion.
(1) The latter play a major role in cons-
titutional dynamic processes (3) of the
covalent type. (4)

Other feature is the ability of going
through an exchange of the carbonyl or
amine group by a transimination reaction,
which is called constitutional dynamics.
(3) Of crucial interest for the purpose of
this paper is the fact that the configura-
tional isomerization occurs with conser-
vation of the constitutional integrity of
the substance and is comparatively fast
(or may be made so), whereas compo-
nent exchange generates a new molecule
at a rate that may be chemically con-
trolled and is usually much longer than
configurational isomerization (Scheme
1). In other words, configurational and
constitutional changes are comparatively
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fast and slow processes, so that imine-
type entities allow for both short-lived
and long-lived information storage, res-
pectively in the configuration and in the
constitution of a molecule. Short term
storage is structurally/physically borne
by a molecular shape, and long term sto-
rage is inscribed in the formation of a
novel molecule. Importantly, both pro-
cesses are orthogonal and may be sepa-
rately controlled/operated. Such features
are reminiscent of short term memory/
information storage in a molecular con-
formation and of long term memory/in-
formation storage in the synthesis of a
novel molecule. The latter may be made
irreversible/permanent by performing a
reaction on the C=N bond (e.g. reduc-
tion, addition). (5)

Another important process is the
ability of certain aroylhydrazones, and
hydrazones containing pyridine groups,
of coordinating to metal centers. (4-8)
Although coordination of the NNN site
of bis-pyridylhydrazones to metals is
stronger, complexes of aroylhydrazones
contain a more acidic amide proton. As a
result, the deprotonation yields a monoa-
nionic ligand able to bind to metal ions
more efficiently. The scheme 1 shows the
multiple dynamics of these compounds.

In the present work were prepared
two aroylhydrazones which exhibit the
aforementioned features acting as com-
pounds of multiple dynamics able of
going through different metastable sta-
tes in a reversible fashion and as a re-
sult these compounds are suitable for
information storage and for the design
of molecular photoswitches. Herein are
describeda set of processes that embo-
dy the aforementioned features and may
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Scheme 1. Multiple dynamics of acylhydrazones, a) configurational E,Z isomerization, stabilized by an intra-
molecular hydrogen bond; ») metal cation coordination; ¢) protonation/deprotonation of the metal complex.

be considered as prototypes stimulating
further development and suggesting
perspectives in the search for multiplex
chemical (molecular and supramolecu-
lar) information storage and processing
devices, in view of i) their response to
multiple stimuli of physical (photo and
thermo) as well as chemical nature, if)
their ability to generate constitutional
variation by component exchange, and
iii) their kinetic properties, involving
very different but controllable intercon-
version rates between the various confi-
gurational and constitutional states. The
hydrazine exchange properties have been
studied before (3-5) thus, focus is made
on the kinetics of photoisomerization and
thermal-back conversion as wells as the
optical properties of the metastable sta-
tes. Finally,the molecular structure of a
metal complex of Zn" is presented with
one of the acylhydrazones reported here
as obtained from single crystal X-Ray
diffraction.

RESULTS AND DISCUSSION

Photoisomerization of aroylhydrazones is
accelerated and stabilized by an intramo-
lecular hydrogen bond between the ami-
de proton and the nitrogen of the pyri-
dine ring. (1, 9) The formation of such
H-bond increases the thermodynamic
stability of the Z isomer. Therefore the
speed of isomerization and thermal-back
conversion is increased by an increase in
the strength of the H-bond (see Figures
1-2). For instance, compound 2-Z is fa-
vored, when compared with compound
1-Z, by the more electron-withdrawing
group (-OMe).Compound 2-E exhibits
a larger rate of isomerization (k=0.086
min') than compound 1-E (k=0.012
min') which is evident from their ¢t , of
8.0 and 54.5 minutes respectively. The
hydrazone counterpart, the 2-pyridine-
carbaldehyde phenylhydrazone (3-Z),
follows similar isomerization kinetics
with k=0.019 min' and t, ,=36.4 min.
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Figure 1. 'H NMR of compound 2-E irradiated at 10, 20, 30 and 40 minutes with UV light. The solutions
were 20 mM in CD,OD.
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Figure 2. Z-isomer percent vs irradiation time of 1-E and 2-E. The samples were 20 mM in CD,0OD. Each
point has an uncertainty of +1%.
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Return to the E state is accomplis-
hed by thermal-back isomerization. This
occurs under 5 minutes of reflux or by
heating (5 minutes, 40 °C) accompanied
with addition of catalytic amounts of tri-
fluoroacetic acid (see Figure 3). The pro-
cess of photoisomerization (E>Z con-
version) and thermal-back isomerization
(Z>E conversion) can be implemented
during several cycles without decompo-
sition of the constituents.

Previous photochemical studies of
hydrazones have shown that direct exci-
tation leads to E,Z isomerization via the
singlet state and a rapid relaxation to the
minimum of the potential energy surface
where it acquires an intermediate geome-
try between the syn and anti configura-
tions, this is also true for aroylhydrazo-
nes. This isomerization is independent
of concentration and wavelength. The
UV-vis spectrum (see Figure 4) shows a
red shift in the absorption wavelength as
going from the E to the Z forms, besides
the Z compound exhibits a decrease in
the absorption of about 20%.

Additionally, these compounds exhib-
it different fluorescence properties and a
shift of the optical absorptions as they go
from E to Z configurations. Compound
1-Z exhibits a quantum yield, ®, , of
0.03 while compound 1-E has a ®, ~0.
Thus, aroylhydrazones feature the abili-
ty of tuning their emission ON and OFF
as the molecule undergoes light-induced
isomerization (see Figure 5). Intramolec-
ular H-bonding probably causes the flu-
orescence quenching in this system as it
has been observed for other heterocyclic
and pyridine based systems. (10)

Besides the photochemical properties
of these compounds, they also exhibit
the ability to coordinate to metal centers.
Figure 6 shows the chemical structure of
the metal complex formed by the reac-
tion of 1-E with ZnCl, as determined by
X-ray diffraction.

The complex compound exhibits a
distorted five-coordinated square-pyra-
midal disposition. The aroylhydrazone li-
gand is not planar, resulting in a dihedral
angle between the planes of the aromatic
and pyridyl rings of 4.61(9)° (see Fig-
ure 7a). The compound molecules stack
forming columns along the [001] direc-
tion by intermolecular hydrogen bonds
with a distance N3-H3---C12 = 3.199
(2) A (see Figure 7b). Also it is observed
a weak w-7 slipped stacking interaction
between the aromatic rings with distance
centroid-centroid = 3.8075 (1) A.

Additionally, aroylhydrazones can be
deprotonated (amide proton) to yield a
monoanionic ligand able to bind a metal
ion more efficiently (see scheme 1). All
the processes presented herein are rever-
sible (isomerization, coordination, and
deprotonation), and can be interchanged
along many cycles without decompo-
sition of the system (see Scheme 1 and
Figure 3). Thus, the C=N bond of acyl-
hydrazones represents an appealing unit
that can be implemented for double dy-
namic processes of interest for informa-
tion-storage processes. Its configuratio-
nal dynamics gives access to short term
photoactivated metastable states. Finally,
the system can be locked or unlocked as
desired by the coordination or removal
of a suitable metal ion.
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Figure 3. Photochemical isomerization and thermal-back conversion of a solution 20 mM of compound 2-E
in CD,OD. For simplicity only three cyclesare shown.
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Figure 4. UV/vis spectrum of compound 1-E (20 mM) in methanol previously irradiated at different times
with UV light.
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Figure 5. Fluorescence spectrum of compound 1-E (20 mM) in methanol previously irradiated at different
times with UV light. Excitation wavelength: 300 nm.

Figure 6. The structure of the Zn"-1-E complex with displacement ellipsoids drawn at the 50% probability
level. The H atoms are shown as spheres of arbitrary radious. The atoms are represented as follows: In dark
gray the carbon atoms, in light gray the hydrogen atoms, in purple the nitrogen atoms, in green the chloride
atoms and in red the oxygen atom.

355



Revista Colombiana de Quimica, Volumen 41, nro. 3 de 2012

a)

b)

Figure 7a): Chemical structure of Zn"(1-E)Cl, metal complex showing the non-planarity of the compound.
b): Stacking of the metal complex molecules forming a column along the [001] direction. The H atoms are
shown as spheres of arbitrary radious. The atoms are represented as follows: In dark gray the carbon atoms,
in light gray the hydrogen atoms, in purple the nitrogen atoms, in green the chloride atoms, and in red the

oxygen atom.

CONCLUSIONS

In conclusion, aroylhydrazones repre-
sent a class of compounds that exhibit
multiple reversible dynamics (configura-
tional, constitutional and coordination).
These features can be implemented in
the design of information storage devi-
ces since configuration changes are in-
trinsically short termed, configurational
changes are long-termed and coordina-
tion locks the system. (10-11) Likewi-
se, these compounds can be used in the
design of molecular photo-switches due
to the quenching in fluorescence after
isomerization. Further work is devoted
to the design of such memory devices
by the implementation of more complex
systems and in the rational design of mo-
lecular photo-switches. Finally the aro-
ylhydrazones can be further extended by
the substitution on the phenyl and pyri-
dine rings.
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EXPERIMENTAL PART

The starting materials were purchased
from Sigma-Aldrich and wused with-
out any further purification. 'H and B3C
NMR spectra were taken in a 400 MHz
Bruker Ultra Shield spectrometer. UV-
vis spectra were recorded in a UV-1700
PharmaSpec spectrophotometer. Fluo-
rescence experiments were carried out
in a FP-8500 Jascos pectrofluorome-
ter. Fluorescence quantum yields, @, ,
were measured for all the solutions using
quinine sulphate in 0.1 M H,SO, (@,
=0.546) as the standard.
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Standard procedure for the prepa-
ration of aroylhydrazones: 2-pyridine-
carboxaldehyde (1.0 equiv) was added to
an ethanol solution of the corresponding
aroylhydrazine (1.0 equiv) and a trace
amount of glacial acetic acid. After the
reaction mixture was heated under reflux
for 3.0 h, the precipitates were collected
on a Biichner funnel. The aroylhydra-
zones, which were obtained in 87-90 %
yield, were recrystallized from ethanol.
The E-isomer was exclusively obtained.

Irradiation procedure. Preparation
in the Z formslrradiations were carried
out in a UV Curing Light Source Model
38125 with a 400W lamp UVA (from
within approximately 400 to 320nm of
the spectral band), metal halide with ra-
diant energy (intensity) 100mW/cm? at
365nm.

(E)-4-(dimethylamino)-N’-(pyri-
din-2-ylmethylene)benzohydrazide (1-E)
The product was synthesized using the
method described above and obtained in
a 90% yield. Melting point 225-226 °C.
9, (400 MHz, MeOD) 8.59 - 8.52 (1 H,
m), 8.40 - 8.25 (2 H, m), 7.93 -7.83 (3
H, m), 7.42 (1 H, ddd, J 7.5, 5.0, 1.2),
6.83 - 6.74 2 H, m), 3.05 (6 H, s). B°C
NMR (101 MHz, MeOD) & = 154.90,
154.88, 150.03, 147.71, 147.69, 138.57,
130.62, 125.73, 122.15, 119.50, 112.12,
40.16. MS (ESI): 269.139 m/z. Elemen-
tal analysis of C H N,O, (8-E,H,0): C
62.87%, H 6.29%, N 19.46%. Calcu-
lated: C 62.92%, H 6.34%, N 19.57%.

(E)-4-methoxy-N’-(pyridin-2-ylme-
thylene)benzohydrazide (2-E). The pro-
duct was synthesized using the method
described above and obtained in a 87%
yield. Melting point 130-131 °C. 6,, (400

MHz, MeOD) 8.56 (1 H, ddd, J 4.9,
1.5,0.9), 8.38 (1 H,s),830(1H,d,J
7.8), 8.03 - 7.83 (3 H, m), 7.42 (1 H,
ddd, J 7.5, 5.0, 1.0), 7.11 - 6.99 (2 H,
m), 4.86 (3 H, s). 3C NMR (101 MHz,
MeOD) 6 = 166.81, 164.68, 154.68,
150.11, 148.75, 138.57, 130.93, 125.89,
125.74, 122.22, 115.00, 56.02. MS
(ESI): 256.275 m/z. Elemental analy-
sis C ,H,)N,O, C 65.59%, H 5.02%,
N 16.32%. Calculated: C 65.87%, H
5.13%, N 16.46%.
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