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The synthesis and characterization of four macrocyclic yttrium(i) or dysprosium(il) complexes bearing a
merocyanine photochromic unit are reported. The diamagnetic yttrium() complexes allowed for NMR
investigation of both the equilibrium state and the photoinduced species, and they were also character-
ized using single-crystal XRD. We conclude from these studies that merocyanine is the more stable
isomer in all the investigated solvents (methanol, acetonitrile, and dichloromethane) and in the solid state.
Detailed structural investigations of isomerization to spiropyran appear to be challenging in solution as
well as in crystals. Theoretical studies calculated large energy differences between the merocyanine and
spiropyran isomers, which depend on the substitution of the photochromic unit by nitro groups. They
also reveal that such designs would be well suited to construct photoswitchable single-molecule
magnets, since the anisotropy of the dysprosium(i) complexes is significantly affected by the isomeric

rsc.li/dalton state of the ligand.

Introduction

Precisely designed lanthanide complexes can generate diverse
magnetic behaviors with technological relevance depending
on the choice of lanthanide ion and its coordination sphere.
Contrast agents based on macrocyclic gadolinium(m) com-
plexes are part of our lives,” and single-molecule magnets
based on the more anisotropic dysprosium(m) or terbium(iu)
ions have generated great expectations and have undergone
extraordinary development in the last decade.’ Indeed, the
idea that the two magnetic states of these inherently bistable
molecules could be used for nanoscale information storage is
promoting this field of research. Using light as a remote
control for the magnetic behavior of lanthanide complexes
could lead to behaviors relevant to applications as light-activa-
ble contrast agents* or molecular magneto-optical memories.>
Because lanthanide systems cannot be switched with light
directly, the use of photochromic ligands to form the corres-
ponding complexes is one attractive strategy in this context,
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which has already provided switchable contrast agents® and
photomodulated single-molecule magnets.”

Louie et al. were the first to realize that spiropyran photo-
switches are ideally suited for the manipulation of lanthanide
complexes.®® Indeed, the photogenerated isomer of spiropyran
(SP), merocyanine (MC), exhibits a strongly coordinating
phenolate oxygen that is not present in the SP isomer.
Therefore, in the case of gadolinium(m) complexes having a
macrocyclic ligand functionalized with such a unit,® it has
naturally been hypothesized that the MC and SP isomers
would provide different coordination environments, as
depicted in Scheme 1. The accessibility of the metal to water,
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Scheme 1 Hypothesized isomerization in previously investigated gado-
linium(i) complexes. See ref. 6.
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which directly affects the relaxivity, is different for each
isomer. Our group soon realized that a similar process would
be highly desirable to obtain photoswitchable single-molecule
magnets, since the magnetic bistability of dysprosium(u) com-
plexes is actually controlled by the axial character of the crystal
field experienced by the metal to a great extent.” Hence, multi-
dentate MC ligands are expected to generate an axial crystal
field and strong magnetic anisotropy, in contrast to the SP
isomer."°

On this basis, it can be envisioned that the dysprosium ver-
sions of two previously investigated gadolinium complexes®
(Scheme 1) would allow investigation of how the photoinduced
structural change impacts the magnetic behavior. However,
this task is not trivial, because spiropyrans are T-type photo-
chromes and therefore exist in an equilibrium between their
two isomers that depends on many parameters such as con-
centration, solvent polarity or metal coordination."” We also
previously demonstrated that the isomerization of the trans-
MC form to the cis-MC state without the further formation of
the SP isomer is an issue in related lanthanide complexes with
non-macrocyclic ligands.'® Additionally, complexity can arise
from the many structural fluctuations of macrocyclic lantha-
nide(m) complexes in solution that result from the macrocycle
conformation or solvent coordination.'> Hence, it seemed
important to remedy the lack of structural information on pre-
viously published gadolinium(ir) complexes for both isomers
by reinvestigating this system using appropriate Ln ions prior
to investigation of the photomagnetic effects.

In this contribution, we report the synthesis and character-
ization of four new complexes of yttrium(m) and dysprosium
(m) ions. The two investigated ligands differ by the presence
of a nitro group on the indoline part of the photochromic unit,
which has previously been shown to shift the equilibrium
towards the SP isomer. The diamagnetic yttrium(i) complexes
enabled NMR investigation of both the equilibrium state and
the photoinduced species, and were also successfully charac-
terized using XRD. We thus provide structural and spectro-
scopic evidence of the isomerization at play and its depen-
dence on the presence of an electron-withdrawing group on
the indoline moiety in various organic solvents.

Experimental
Complex 1Y

To a solution of L, (32 mg, 47 umol) in MeOH (10 mL) was
added YCl;-6H,0 (43 mg, 141 pmol, 3 equiv.). The reaction
mixture was stirred at room temperature for 2.5 days before
solvent evaporation to dryness. Purification of the crude by
flash chromatography on C18-silica gel (Column C18-4g from
Interchim, Eluent: H,O/ACN 95/5 for 10 min, then H,O/ACN
95/5 to 2/8 for 30 min, flow: 15 mL min~") gave 1Y (31 mg,
40 pmol, y = 86%) as a dark orange amorphous solid.
ESI-HR-MS (positive, MeOH) m/z caled for [C34H4oNgOoY]'™:
767.2066, found: 767.2060, [M + H]; caled for
[C34H43NO0Y]*": 384.1069, found: 384.1065, [M + 2H]*". 'H
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NMR (500 MHz, CD;0D): § (ppm) = 8.63 (d, J = 3.0 Hz, 1H),
8.61 (bd, 1H, this signal tends to disappear upon standing in
CD;0D under 450 nm irradiation), 8.25 (d, J = 15.9 Hz, 1H,
this signal transforms into a singlet upon standing in CD;0D
under 450 nm irradiation), 8.19 (d, J = 3.0 Hz, 1H), 7.76 (d, J =
7.1 Hz, 1H), 7.72 (d, J = 7.1 Hz, 1H), 7.60 (m, 2H), 4.27 (s, 3H),
3.8-2.2 (m, 24H), 1.83 (m, 6H). Electronic absorption (metha-
N0l): Amaxs = 352 M (e = 13 200 M em ™), Apaxe = 468 Nm (&
=12800 M~ ' em™).

Complex 1Dy

To a solution of L; (59 mg, 87 pumol) in MeOH (10 mL) was
added DyCl;-6H,0 (49 mg, 130 umol, 1.5 equiv.). The reaction
mixture was stirred at room temperature for 4 days before
solvent evaporation to dryness. Purification of the crude by
flash chromatography on C18-silica gel (Column C18-4g from
Interchim, Eluent: H,O for 10 min, H,O/ACN 100/0 to 0/100
for 30 min, 100% ACN for 10 min, flow: 10 mL min~") gave
1Dy (49 mg, 58 pmol, y = 68%) as an orange amorphous solid.
ESI-HR-MS (positive, MeOH) m/z caled for [C3,H,3DyNeOo]':
421.6186, found: 421.6192, [M + 2HJ*"; caled for
[C34H4,DYNgOo]™:  842.2299, found: 842.2315, [M + HJ"
Electronic absorption (methanol): Anax = 352 nm (e = 13 000
M em ™), Amaxe = 468 nm (e = 12700 M~ ecm ™).

Complex 2Y

A solution of L, (202 mg, 278 pmol) and YCl,;-6H,O (85 mg,
278 pmol) in 20 mL of methanol was refluxed for 18 h under
argon. The solvent was evaporated to dryness. The residual
solid was purified via silica column chromatography using di-
chloromethane/methanol/water (1:4:1) as the eluent to give
2Y (149 mg, 183 pmol, y = 66%) as a red solid. ESI-HR-MS
(positive, MeOH) mj/z caled for [C34H4N,04;Y]": 812.1917,
found: 812.1918 [M + H]". 'H NMR (400 MHz, CD;OD): §
(ppm) = 8.6-8.7 (m, 3H), 8.49 (dd, J = 8.8, 2.2 Hz, 1H), 8.38 (d,
J = 16.0 Hz, 1H), 8.20 (d, J = 3.1 Hz, 1H), 7.93 (d, J = 8.9 Hz,
1H), 4.7-2.1 (m, 24H), 4.28 (s, 3H), 1.90 (bs, 6H). Electronic
absorption (methanol): Amag = 358 nm (e = 13000 M™" ecm™),
Amaxz =507 nm (e =12 800 M~ " ecm™).

Complex 2Dy

A solution of L, (170 mg, 234 umol) and DyCl;-6H,0 (88 mg,
234 pmol) in 20 mL of methanol was refluxed for 24 h under
argon. The solvent was evaporated to dryness. The residual
solid was purified via silica column chromatography using di-
chloromethane/methanol/water (1:4: 1) as the eluent to afford
complex 2Dy (141 mg, 159 pmol, y = 68%) as a red solid.
ESI-HR-MS (positive, MeOH) m/z caled for [Cs4H,3DyNgOq]™:
421.6186, found: 421.6192, [M + 2HJ"; caled for
[C34H41DyN,O4,]": 887.2156, found: 887.2159, [M + HJ'.
Electronic absorption (methanol): Amaa = 358 nm (e = 13 000
M~ em™), Amaxe = 507 nm (e = 12800 M~ ' em™).
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Results and discussion
Synthesis and structure

The two spiropyran substituted DO3A proligands L; and L,
(Scheme 2) were obtained according to published
procedures®®® with slight modifications and fully character-
ized (Fig. S1-S5). Subsequently, reaction with the appropriate
metal salts provided the target complexes (Scheme 2) with
moderate yields. Their purification was performed by flash
chromatography on C18 grafted silica (1M) or silica (2M) gel.
Details of the characterization can be found in SI (Fig. S6-
S19). 1M were found to be soluble in acetonitrile and metha-
nol and sparingly soluble in dichloromethane, whereas for
2M, the compounds were only sparingly soluble in methanol
and water.

Complex 1Y was crystallized by the aerial diffusion of ether
into an acetonitrile solution, and complex 2Y crystalized upon
slow evaporation of a methanol solution. The resulting XRD
data are described in the SI and can be accessed via CCDC
deposition numbers 2346662 and 2346663. In brief, the P2/c
space group was assigned to compound 1Y, which crystalized
with one acetonitrile molecule. The merocyanine isomer with
the trans configuration of the double bond is clearly identified
in this structure (Fig. 1 and S20). The merocyanine phenolate
is involved in a coordination bond to the yttrium center, with a
total coordination number of 8, since 3 oxygen and 4 nitrogen
atoms from the DO3A moiety are also bound to Y. The DO3A
moiety has a typical square antiprism geometry with the
oxygen atom square being more “open” than the nitrogen
one."® However, no additional solvent molecule is coordinated,
probably because of the bulky merocyanine ligand. The
yttrium phenolate bond has a length of 2.2552(17) A and is the
shortest among the coordination bonds (Table S2). This type

methanol

%
/N O
N.V N

ancb.sto

1Dy :M =Dy, R=H, 68 %
2Dy : M =Dy, R =NO,, 68 %
1IY:M=Y,R=H, 86 %
2Y:M=Y,R=NO,, 66 %

Scheme 2 Final step of the synthesis of 1M and 2M.
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Fig. 1 View of the structure of 1Y (top) and 2Dy-H,O (bottom) as deter-
mined from single-crystal X-ray diffraction data at 150 K. Grey, blue, red,
light blue and light green spheres represent C, N, O, Y and Dy atoms,
respectively. H atoms and solvent have been omitted for clarity.

of coordination environment is known to promote magnetic
anisotropy in related DOTA complexes.'* Compound 2Y crystal-
lizes in a triclinic P1 space group and shows very similar fea-
tures (Fig. S21, Tables S3 and S4).

The dysprosium complexes proved much more difficult to
crystallize. We performed powder XRD on the obtained solids,
but all samples were amorphous. However, in one isolated
experiment that we were unable to reproduce, slow evaporation
of a methanol/ethyl acetate solution of 2Dy yielded a small
amount of crystals with a very interesting structure (CCDC
2477727). Indeed, in this case, a C2/c space group was assigned
to the structure, and a coordination number of 9 was found for
the dysprosium center because of the incorporation of a water
molecule in the coordination sphere (Fig. 1 and S22). To accom-
modate this change, all the Dy-O and Dy-N distances are longer
(Table S4); for instance, the length of the dysprosium phenolate
bond is 2.3252(19) A, while it is 2.2477(18) in 2Y. The structure
of this compound, which was called 2Dy-H,0, indicates that the
water accessibility for the merocyanine isomers is non-negli-
gible; this indicates a need for caution in the interpretation of
previous studies of macrocyclic spiropyran gadolinium com-
plexes,® because the presented hypothesis regarding different
solvation numbers of the two isomers to explain the relaxivity
changes is in contradiction with the present structure.

To investigate photochromism at the single-crystal state,
crystals of 1Y were submitted to 450 nm irradiation, but

This journal is © The Royal Society of Chemistry 2025


http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d5dt02008e

Open Access Article. Published on 06 November 2025. Downloaded on 5/18/2026 12:04:13 PM.

Thisarticleislicensed under a Creative Commons Attribution-NonCommercial 3.0 Unported Licence.

(cc)

Dalton Transactions

showed no change in color. We conclude that significant con-
version to the SP isomer is not observed in the crystalline
state. Furthermore, a KBr pellet of compound 1Y showed the
same absorption spectrum before and after irradiation with
either 450 nm or white light (Fig. S42) indicating a lack of
solid-state photochromism. This behavior is expected for such
compounds, as the MC to SP conversion requires a crystal
packing that provides sufficient free volume to accommodate
the large molecular motion."

Equilibrium composition

With the aim of efficiently crystallizing a single isomer, we
became interested in the effect of solvent composition (metha-
nol, acetonitrile, dichloromethane) on the equilibrium state of
our four complexes. For the yttrium complexes, information
from electronic absorption and NMR experiments can be
easily combined to determine the composition. Indeed, the
diamagnetic 'H spectra of SP and MC isomers are very distinc-
tive, with the ethylenic protons showing either cis or trans
coupling and the N-CH; signal being strongly deshielded in
the MC isomer compared to the SP isomer. SP isomers also
display weak absorption in the visible range, while the MC
complexes typically show a broad absorption centred around
450-550 nm. In d*-methanol, 2Y showed doublets at 8.63 ppm
and 8.38 ppm with J = 16.0 Hz and one singlet at 4.28 ppm,
which were assigned to the double bond and N-CH; protons
of the trans-merocyanine isomer, respectively. This was con-
firmed by the strong absorption band at 507 nm in methanol
solution (Fig. 2, top). Under the same conditions, 1Y showed
doublets at 8.61 ppm and 8.25 ppm with J = 15.9 Hz, one
singlet at 4.27 ppm and a strong absorption band at 468 nm
(Fig. 2, top).

Therefore, both yttrium complexes show the same behav-
iour in methanol; the only appreciable difference is, as
expected, the bathochromic shift of the merocyanine band
when a nitro group is present on the indoline side, which
destabilizes the MC ground state. Comparison with the absorp-
tion spectra of the dysprosium complexes clearly shows that
the equilibrium composition is also shifted towards the mero-
cyanine isomer in methanol for 1Dy and 2Dy (Fig. 2, top).

In d*-acetonitrile and d*>-dichloromethane, the MC isomer
was also the only one observed for 1Y, and the electronic
absorption data (Fig. 2) confirm that for 1Y and 1Dy, the MC
isomer was the major one in the three solvents used (metha-
nol, acetonitrile, dichloromethane). For 2Y and 2Dy, the MC
isomer is also the major isomer in dichloromethane, whereas
in acetonitrile, the MC band is slightly less intense relative to
the higher energy transitions (Fig. 2, bottom), a fact that we
assign to a moderate shift of the equilibrium towards the SP
isomer in this specific solvent. Unfortunately, 2Y is not soluble
enough in these solvents for analysis of the equilibrium com-
position via NMR.

Altogether, we have provided conclusive evidence that in
the solid state and in three organic solvents, the complexes
exist mainly or exclusively as MC isomers, as supposed by
Louie et al. for the gadolinium(ir) analogues in water.®

This journal is © The Royal Society of Chemistry 2025

View Article Online

Paper

Norm. Absorbance

Norm. Absorbance

[ RN
O

Norm. Absorbance
o
D

04
0.2
0.
300 400 500 600
Al nm

Fig. 2 Normalized electronic absorption spectra of the four complexes
in methanol (top), dichloromethane (middle), and acetonitrile (bottom).
The value of ¢ ranged from 1 to 6 x 10~> M depending on the sample.

Photochromism (NMR and electronic absorption studies)

Upon light irradiation, the initial orange (red) colour of com-
plexes 1M (2M) fades and is replaced with a light-yellow
colour. We thus investigated the photochromic behaviour of
the four complexes in all the previously studied solvents. In all

Dalton Trans., 2025, 54,17196-17203 | 17199
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cases, 1Y and 1Dy showed similar behaviour, as did 2Y and
2Dy. Therefore, we discuss only the behaviour of 1Y and 2Y
here (Fig. 3), while the corresponding dysprosium(m) com-
plexes are described in the SI. For 1Y, the most spectacular
change in the absorption spectra was seen when dichloro-
methane was used as the solvent (Fig. 3a). After irradiation
with 450 nm light for 3 min, the visible absorption vanished
almost completely and a new transition at 270 nm appeared.
The changes were reversible upon leaving the solution to stand
in the dark for 3 days. A similar outcome was produced by the
irradiation of an acetonitrile solution of 1Y, but longer
irradiation times (38 min) were necessary to reach the photo-
stationary state (Fig. 3c). We also noticed that the rate of back-
isomerization is faster in this solvent, since only 1 hour was
necessary for reversion to the initial equilibrium state and
corresponding spectrum. Finally, in methanol, irradiation with
450 nm light led to a photostationary state that still showed
significant absorption at 468 nm, and a fast return to the equi-
librium state was also observed (Fig. 3b). This fast return has a
first-order kinetic constant of 0.17 h™" at 20 °C (Fig. $25).
These changes could be explained by the formation of the spir-
opyran isomer upon blue light irradiation (with an isomeriza-
tion quantum yield of 0.6 + 0.1), which spontaneously reverts
to the most stable merocyanine isomer. In the case of 2Y,
irradiation was performed at 530 nm and similar changes in
the absorption spectra were witnessed, but with a total lack of

View Article Online
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thermal reversibility in the dichloromethane and acetonitrile
solutions (Fig. 3d and f). Only methanol solutions of 2Y
showed a reversible change upon 530 nm irradiation, and
similarly to 1Y, long irradiation times were needed and fast
reversion to the initial state occurred (Fig. 3e). The isomeriza-
tion quantum yield was 0.5 + 0.1 and the value of the return
first-order kinetic constant was 1.8 x 107> h™" at 20 °C for 2Dy
(Fig. $26).

To identify the nature of the photoinduced species, we sub-
jected NMR samples to blue light exposure (Fig. 4). For 1Y in
d>-dichloromethane, after 3 h of irradiation at 450 nm, the
sample turned pale yellow, and the NMR spectrum was drasti-
cally modified and somewhat broadened. It was clear that the
initial MC isomer was transformed; for instance, the N-CH;
signal at 4.38 ppm and the -C(CHj3), one at 1.82 ppm lost
most of their initial intensity, and new broad signals were
observed at 1.2 ppm and 2.8 ppm and between 6 and 7 ppm.
Upon returning to the equilibrium state, the MC isomer
signals were again observed, and the signals for the remaining
metastable photoinduced species became narrower, such that
we observed, for instance, a doublet at 5.94 ppm (J = 10.4 Hz).
The two possible structures after irradiation are: (1) the spiro-
pyran isomer, which usually shows two inequivalent methyl
groups at 1-1.3 ppm, the N-CHj; signal at around 3 ppm and
one alkene proton as low as 5.8-6 ppm with a J coupling of
around 10 Hz,'® and (2) the cis isomer of the MC, which we

. 06 06 -
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Fig. 3 Electronic absorption spectra of complex 1Y (top) and 2Y (bottom) in dichloromethane (left), methanol (middle) or acetonitrile (right) in the
equilibrium state (black line), after irradiation (red line) and after being allowed to stand in the dark (blue line). Irradiation was performed at 450 nm
(0.5 mW cm™) for 1Y and at 530 nm (0.3 mW cm™2) for 2Y. Irradiation and resting times are as follows: (a) 450 nm — 3 min, dark — 72 h; (b) 450 nm
— 10 min, dark — 2 h; (c) 450 nm — 38 min, dark — 1 h; (d) 530 nm — 7 min, dark — 12 h; (e) 530 nm — 75 min, dark — 1 h; and (f) 530 nm — 3 min,

dark — 24 h. T =20 °C.
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Fig. 4 'H NMR spectra (d>-dichloromethane) of compound 1Y at equili-
brium (orange), after 3 h under 450 nm irradiation (black, 0.5 mW cm™3),
and after being allowed to stand in the dark for 4 h (red). The initial
spectrum was recovered after two days in the dark.

previously identified in a similar structure by two equivalent
methyl groups at 1.7 ppm, the N-CH; signal at 3.3 ppm and
the alkene protons at 6.5 ppm with J ~ 12 Hz."° Our obser-
vations are therefore indicative of a spiropyran isomer. The
broad features could be explained as resulting from a mixture
of different conformers with SP arms, which evolves toward a
better-defined species with time. Unfortunately, the investi-
gations in other solvents (d*-acetonitrile and d*-methanol,
Fig. S40 and S41) yielded similar results, and low temperature
NMR data were also inconclusive because of the precipitation
of 1Y or 2Y at low temperatures. Note that H/D exchange of
one of the alkene protons was observed during the course of
this study when using d*-methanol, in line with a previous
report (Fig. S40).'® For 2Y, for solubility reasons, only d*-
methanol could be used as a solvent, but its fast return to
equilibrium in this solvent made it very difficult to observe any
photogenerated species. Therefore, we could not further
explain the lack of reversibility in the case of 2Y (and 2Dy). For
1Y (and 1Dy), our findings support the initially assumed iso-
merization process (Scheme 1) but indicate that the photo-
generated species is probably undergoing dynamic equili-
brium between closely related SP structures, rendering its
definitive structural characterisation difficult.

Theoretical calculations

As the experimental characterization of the photogenerated
species in solution was challenging, we performed comp-
lementary theoretical calculations with several goals in mind:
(i) to obtain the structure of the most stable isomer in
different solvents, (ii) to determine the energy difference of the
metastable state (SP isomer) and (iii) to assess the potential of
such complexes for SMM switching.** DFT geometry optimi-
zations were performed on the four complexes 1M and 2M (M

This journal is © The Royal Society of Chemistry 2025
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=Y, Dy) starting from the single crystal XRD structure obtained
for 1Y and taking the solvent into account using a polarizable
continuum model (for dichloromethane and methanol). A
spiropyran isomer was then constructed and optimized in
order to evaluate the energy difference associated with the iso-
merization process. For all four complexes, the merocyanine
isomer was found to be the most stable, in accordance with
our experimental observations. In the case of 2Y and 2Dy, the
spiropyran isomer was found to be 17-19 kcal mol™" higher in
energy (in the gas phase or with PCM dichloromethane or
methanol, Table S6), whereas in the case of 1Y and 1Dy, the
converged spiropyran forms are significantly higher in energy
(20-25 keal mol™"). Moreover, it should be noted that in these
latter cases only, several attempts (with various starting geome-
tries) were necessary to stabilize the spiropyran forms, as the
geometry optimizations had the tendency to converge as a
merocyanine isomer. This is in line with the additional nitro
group in 2M being necessary to stabilize the spiropyran
isomer. As a perspective for future manipulation of magnetic
properties through photoswitching in this family of complexes,
CASSCF/RASSI-SO calculations were carried out on the gas-
phase optimized structures of the spiropyran and merocyanine
forms of 1Dy (see Computational details). The computed
energy and wavefunction composition for each M; state of the
ground-state multiplet, as well as the component values of the
Lande g factor are given in Tables S7 and S8. Significant differ-
ences are observed between isomers with the merocyanine
form, which presents a ground state with an almost pure |+ 15/
2) contribution giving rise to an Ising g-tensor (g, = g, = 0; g&; =
19.8), a prerequisite for observing significant SMM behavior.
The orientation of the corresponding easy axis is represented
in Fig. S44. On the contrary, the spiropyran form presents less
Ising ground state with a first excited state closer in energy.
This difference in SMM behaviour is well illustrated computa-
tionally by the calculated magnetic transition moments
(Fig. S43). These calculations thus confirm our hypothesis con-
cerning the possibility of using light-induced isomerization of
the MC arm to switch the SMM behavior of complex 1Dy on
and off. Unfortunately, the persistent difficulties in obtaining
single crystals or microcrystalline samples for this compound
preclude any meaningful magnetic investigation at this stage.

Conclusions

In this work, we have provided structural evidence relating to
the photoisomerization of four macrocyclic complexes bearing
a merocyanine photochrome. It was found that the equili-
brium state of these complexes is dominated by the merocya-
nine isomer. The clear influence of substitution with a nitro
group on the indoline moiety was evidenced both experi-
mentally and theoretically by complexes 2Y and 2Dy, as the
spiropyran isomer was stabilized by more than 7 kcal mol ™.
However, these complexes also showed less-reversible MC —
SP photochromic behaviour in solution and a lack of solubility.
For complex 1Y, NMR investigation combined with geometry
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optimization indicated the formation of a spiropyran isomer
upon irradiation with 450 nm light. In addition, theoretical
evaluation of the magnetic properties of each isomer of
complex 1Dy indicated significant variations in the axial char-
acter and the splitting energy between Kramers doublets when
comparing the merocyanine and spiropyran isomers.
Unfortunately, experimental confirmation could not be
obtained because of the difficulty of preparing structurally
characterized samples in the case of dysprosium. Nevertheless,
these results highlight the strong potential of photochromic
macrocyclic complexes for the development of photoswitch-
able single-molecule magnets.
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