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Re(CO); conjugates 1 and 2 that incorporate azobenzenes can be
readily generated via one-pot reactions using Schiff base reaction
forming conditions. Excitation of the MLCT bands in 1 and 2 results
in isomerization of the azobenzene moiety, and this process has
been investigated via time-resolved photophysics and TDDFT
calculations.

Light energy can be used to drive a wide variety of molecular
processes, ranging from energy and electron transfer to both
homolytic and heterolytic bond lysis. Photons may also be
used to induce molecular motion, most typically seen in
isomerization reactions. The photoinduced isomerization of
azobenzene is a well-studied example of such a light driven
process.l'4 Azobenzene has been appended to a number of
chromophores, including transition metal complexes, in an
attempt to couple the E/Z isomerization process to an external
electronic transition.”™® compounds that
exhibit metal to ligand charge transfer transitions (MLCT), as

Transition metal

seen in many d® metal complexes, are ideal for transferring
118 | this report, we present a
study of two Re(CO); diimine complexes with a pendant
These compounds can be readily
in one step via metal-mediated Schiff base

energy to an external group.

azobenzene group.
generated
formation.” Time-resolved photophysical characterization has
revealed that excitation of the MLCT bands of the Re(CO);
diimine fragments results in isomerization of the azo bonds in
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Scheme 1. Synthesis of compounds 1-4.

the pendant groups. TDDFT calculations reveal that these
energy transfer processes occur due to partial diazo
antibonding character of the LUMO orbital, allowing the MLCT
band to induce isomerization.

Re(CO); diimine complexes exhibit MLCT bands in their UV-

visible spectra,zo"23 and these compounds have been

frequently employed in energy transfer’*® and light
31,32 -

harvesting applications. There are several examples of

Re(CO); compounds with pendant azo benzene units either
directly bound to the metal or pendant to chelates that exhibit

141833 Excitation of the

photoinduced isomerization activity.
MLCT bands has been shown to induce isomerization of the
E/Z state in pendant azobenzenes as well as modify the
mechanism of isomerization, as seen in 4-phenylazopyridine
systems.

directly to the diimine containing group, but in these instances

In other cases, the azobenzene has been linked

the nature of the photophysical processes have not been
extensively probed via time-resolved or theoretical methods.
We employed a simple one-pot method for the generation
of an azobenzene-appended Re(CO); diimine via the reaction
shown in Scheme 1.
generating complexes with a wide variety of groups, ranging

This method has been useful in

from peptides to aromatic rings, substituted at the imine
nitrogen.
produced in high yields, and were fully characterized, including

The desired azobenzene conjugates 1 and 2 were

J. Name., 2013, 00,1-3 | 1
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Fig. 1. Left: The structure of 1 with 35% thermal ellipsoids. Hydrogen atoms have been omitted for clarity. Center: The UV-visible spectrum of 1 in THF. Right:
Structures of the HOMO (bottom) and LUMO (top) calculated using TDDFT methods for compound 1.

by X-ray crystallography. All methods of characterization are
consistent with the structure shown in the figure, including
NMR, IR, elemental analysis and mass spectrometry. Figure 1
shows the structure of the chloride analogue 1; the bromide is
isostructural except for the identity of the halide. There is
some isomerization along the halide-carbonyl bond ordinate;
this is frequently observed in Re(CO);X with asymmetric
bidentate chelates The coordination geometry about the metal
is typical for Re(CO); complexes, with a facial arrangement of
the carbonyls, and the pyridine imine coordination is as
expected. In the two structures, both the metal diimine and
the azobenzene units are planar, but these two units are not
coplanar. However, as seen in the "H NMR spectrum, the single
nitrogen-carbon bond that connects these two units can
rotate, allowing for coplanar conformations and thus overlap
of the 1t systems of these two units. The UV-visible spectrum of
compound 1 is shown in Figure 1. The spectra for the two
compounds are very similar and comprised of two bands: a
higher energy, higher intensity band that corresponds to an
azobenzene-based transition, and a lower energy, lower
intensity band that corresponds to primarily a MLCT transition.

Bulk photolysis of 1 or 2 with either 365 or 450 nm light
results in changes in the electronic spectra that are consistent
with trans—cis (E—Z) isomerization (Figures S$9-12). These
data include a loss of absorbance at 316 nm with a
concomitant growth at 450 nm and are in accord with
absorption changes associated with isomerization in
azobenzene. Quantum yield measurements demonstrate that
the geometric isomerization of 1 or 2 is inefficient at either
wavelength (® < 0.01). Thus, not only can isomerization be
induced from direct excitation of the appended azobenzene,
but the results from 450 nm irradiation indicate that MLCT
excitation (Re dt — iminopyridine ©t*) prompts isomerization
in the distal azobenzene chromophore.

This journal is © The Royal Society of Chemistry 20xx

In an effort to better understand the electronic properties
and excited state reactivity of these complexes, we utilized
time-resolved pump-probe spectroscopy. In order to make a
comprehensive study, we investigated the rhenium azo

0.015
0.010
0.005

0.000

AA

-0.005

-0.010

-0.015

400 500 600 700
Wavelength(nm)

—— 1.00ps

0.015- —50%s

0.010+

0.005-

AA

0.000 - {

I
-0.005- |

-0.010

400 500 600 700
Wavelength(nm)
Fig. 2:
Transient absorption spectra for compound 1 in DCM at 360 (top) and 490
(bottom) nm.

complexes 1 and 2 as well as the rhenium complex without the
azobenzene unit (compounds 3 and 4) and the azobenzene (5)
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separately. Compounds 3 and 4 have been prepared and
characterized previously34'36 and can be synthesized via one-
pot methods'® identical to those used to prepare 1 and 2.
Excitation of trans-azobenzene at 355 nm corresponding to the
So—S, (nm*) transition resulted in the formation of three
narrow excited state absorption (ESA) transitions centered at
~405, 485, and 600 nm (See supplemental information). These
features decayed rapidly to nearly zero within 20 ps. However,
the two lowest energy ESA bands (485 and 600 nm) relaxed
more rapidly than did the feature at 405 nm. These results are
consistent with recent literature reports investigating
azobenzene, and are assigned to vibrational cooling on the
ground state potential energy surface as isomerization is
essentially complete on a sub-picosecond timescale.””?®

Excitation of our control rhenium complex 3 (absent
azobenzene) at 490 nm vyielded pump probe data that were
similar to those observed for [Re(bpy)(CO);Cl] (bpy is 2,2'-
bipyridine) by a variety of researchers.®®*' This wavelength
coincides with the red-edge of the MLCT transition, where the
excited state is characterized as Re" and reduced diimine (see
supplemental information). The time-resolved features are
consistent with this formulation as we observe growth of an
ESA at 390 nm that is attributed to a m—=* transition for
reduced diimine. Importantly, we do not observe any new
features in the visible portion of the spectrum. The state giving
rise to the 390 nm ESA decays with a time constant of 1433 ps,
in accord with previous literature reports.40

With these results in hand, we investigated the excited
state characteristics of 1 and 2 with two separate pump
wavelengths of 360 nm and 490 nm, shown in Figure 2. The
UV excitation wavelength will excite both the azo unit directly
and the MLCT transition, whereas the lower energy excitation
(490 nm) will prompt only the MLCT transition, and not
directly excite the azo unit. The data obtained at these two
wavelengths are remarkably similar regardless of the
excitation energy. The first traces reveal an ESA near 480 nm,
which is not found in the pump-probe data of the Re complex
absent the azo unit. This feature must be associated with the
azobenzene unit, as is suggested by the DFT results (see
below). Thus, it is clear that even upon excitation at the red
edge of the Re dm— iminopyridine pn* MLCT, the LUMO
manifold of the populated on a
femtosecond timescale. The temporal evolution of the spectral
traces is nearly identical for the two separate excitation
wavelengths. The ESA maximum blue-shifts to nearly 450 nm
and the state exhibiting a 450 nm ESA relaxes nearly to zero by
3000 ps. Both sets of spectra show evidence of the cis-isomer
in the 3000 ps transient spectra, again commensurate with
literature results.>”>®

To probe the origin of this MLCT-induced isomerization
process, we used TDDFT methods to investigate the electronic
structure of compounds 1 and 2. The MLCT band results from
a HOMO to LUMO transition, and both orbitals for the
coplanar configuration of the ligand in compound 1 are shown
in Figure 1. The HOMO is primarily d orbital in character,
whereas the LUMO is ligand based. As shown in Figure 1,
when the ligand is in the planar configuration, the LUMO

azobenzene unit is

This journal is © The Royal Society of Chemistry 20xx

extends onto the azobenzene unit and exhibits diaza
antibonding character. Although the crystal structures shows
that the two planes of the ligand are not co-planar in the solid
state, the single C-N bond between the imine and the pendant
phenyl of the azobenzene unit is free to rotate. This would
result in at least partial overlap between the pyridine imine
orbitals and the azobenzene antibonding orbitals. Full details
of the TDDFT methods can be found in the supplementary
information.

The data displayed here do not permit us to comment on
the nature of the azobenzene isomerization (i.e., rotation vs
inversion). However, a tri-exponential fit of the data (A 490
nm; Aqps 520 nm) returns lifetimes of 0.7 £ 0.1 ps, 3.2 £ 0.2 ps,
and 109 + 6.3 ps. We assign the longest lifetime of 109 ps to
3MLCT relaxation to the ground state. We are less certain of
the assignments of the shorter time constants. In both sets of
data, there are ESA maxima shifts to shorter wavelengths
during the first 5 ps, suggestive of azobenzene isomerization.
These shifts are especially pronounced in the 360 nm
excitation data. However, 3MLCT formation and solvent
cooling are also expected on this timescale.’® The shortest two
time constants then must represent all of these processes.
However, in order to form the planar iminopyridine-
azobenzene structure (DFT) from the non-planar form (X-ray
data), it is clear that azobenzene must rotate on a
femtosecond timescale in order for isomerization to occur. If
these two units remain non-planar, then the excited state
remains localized on the Re-diimine portion and isomerization
does not occur. The driving force for this rapid structural
reorganization is electron delocalization in the planar
structure.

In conclusion, we synthesized via one-pot methods two
Re(CO)s;—azobenzene conjugate compounds that differ in the
identity of the halide. These compounds were fully
characterized and show UV-visible absorption bands that
result from both the azobenzene unit and the Re(CO); diimine
unit. Excitation of each compound results in isomerization of
the azobenzene bond, which we observed by time-resolved
methods. Our calculations indicate that the coplanar
conformation of the diimine-azobenzene unit has diaza
antibonding character, and thus a MLCT HOMO-LUMO
transition can result in E/Z isomerization via population of this
antibonding state. We are continuing our work on
photochemically active Re(CO); complexes and materials.
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Re(CO); conjugates 1 and 2 that incorporate azobenzenes can be readily generated via one-pot reactions using Schiff base
reaction forming conditions. Excitation of the MLCT bands in 1 and 2 results in isomerization of the azobenzene
moiety, and this process has been investigated via time-resolved photophysics and TDDFT calculations.



