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ABSTRACT: A direct correlation between solvent effects and
coordination isomerism in iron(II) spin crossover complexes is
reported using the novel ligand 1-(S-(naphthalen-2-yl)-1,3,4-
thiadiazol-2-y1)-N,N-bis(pyridin-2-ylmethyl)methanamine
(LNaph-TDA) * Crystallization from acetonitrile yields the facial
isomer [Fe(LN*Ph"TPA)(NCBH;),]-2 MeCN (C1), whereas a
dichloromethane solution results in the meridional isomer
[Fe(LN**TPAY (NCBH,),]-0.9 DCM (C2). The two distinct
coordination geometries were characterized by variable-temper-
ature single-crystal X-ray diffraction, revealing solvent-dependent
packing arrangements that modulate the SCO behavior. SQUID
magnetometry shows that both solvatomorphs undergo spin

transitions, and the differences in the dielectric properties of the lattice solvents likely contribute to the stabilization of the
distinct isomers and the changes in observed cooperativity of the spin transition.

B INTRODUCTION

Molecular bistability is central to functional molecular
materials, enabling switchable responses to external stimuli
such as temperature, light, or pressure.'~* Systems capable of
switching between two distinct physical states are highly
sought after for use in information storage, molecular logic
gates, sensors, and actuators.”™”’ Among the various molecular
switching motifs, spin crossover (SCO) compounds represent
one of the most appealing classes, where a transition between
low-spin (LS) and high-spin (HS) electronic configurations of
a transition metal ion can be reversibly triggered by subtle
changes in the environment.® This interplay between
molecular structure, spin state, and collective solid-state effects
continues to offer a fertile area of research, bridging
coordination chemistry and crystal engineering.

A defining feature of SCO materials is their sensitivity to the
crystal lattice environment.”~""  Minute perturbations in
molecular packing, hydrogen-bonding networks, or lattice
solvation can dramatically alter the cooperative interactions
responsible for the spin transition in the solid state.'>"
Solvent molecules, in particular, often play a pivotal role in
stabilizing distinct coordination geometries and governing the
communication pathways between neighboring metal cen-
ters.'»'> In some cases, the loss of this lattice solvent may lead
to locking of the metal ions in one spin state.'® Recent work by
Nabeshima et al. demonstrates the reorganization of the
coordination sphere between mer/fac-isomer in triply helical
Fe(1l) and Zn(II) complexes based on the solvent, but in all
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cases, the Fe(II) centers stayed in LS." In this work, we report
a rare example of 1,3,4-thiadizole based Fe(II) complex, where
changes in the lattice solvent have aided in reorganizing the
primary coordination sphere of the metal ion, leading to
coordination isomerism between the meridional (mer) and
facial (fac) forms.

Such solvent-driven geometric rearrangements are not just
structural curiosities; they fundamentally reshape the ligand-
field symmetry and, consequently, the spin-state energetics.
The resulting reorganization of the crystal lattice modifies the
packing density, symmetry relations, and magnetic coopera-
tivity. This influences the spin states, which is a phenomenon
that has been thoroughly investigated. This class of spin-
crossover systems has potential applications as molecular
Sensors.

B RESULTS AND DISCUSSION

Synthesis

The ligand 1-(5-(naphthalen-2-yl)-1,3,4-thiadiazol-2-yl)-N,N-
bis(pyridin-2-ylmethyl )methanamine (LN**""TPA) was synthe-
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Figure 1. Multistep ligand synthesis of LN**"TPA along with the complex synthesis of C1 and C2.

Figure 2. Difference in coordination mode between the fac-shaped [Fe(LN**"TP4)(NCBH;),]-2 MeCN (above) (C1) and the mer-shaped
[Fe(LN*"TPA)(NCBH,),]-0.9 DCM (C2) (down) is shown by the molecular structure (left) at 120 K and schematically (right), with nitrogen
atoms in orange for NCBHj, blue for pyridine-units, bridging nitrogen and green for the 1,3,4-thiadiazole unit.

sized in two steps based on a previously reported procedure
and is shown in Figure 1.” A modified synthesis procedure was
used, using Lawesson’s reagent to obtain the 1,3,4-thiadiazole
instead of 1,3,4-oxadiazole, for which tetrabromomethane and
triphenylphosphane are used.” The intermediate coupling
product was obtained by reacting compound (I) with
carbonyldiimidazole and naphthyl hydrazide in dry dichloro-
methane. After removing the solvent and dissolving the residue
in tetrahydrofuran, cyclization and simultaneous substitution
were achieved using Lawesson’s reagent, yielding the desired
product LN**TPA i moderate yield. A detailed description is
provided in the experimental section. The newly obtained
ligand was fully characterized using a range of techniques,
including 'H NMR, C NMR, 2D NMR (Figures $3—57), IR

spectroscopy (Figure S8), mass spectrometry (Figures S11,
S12), and elemental analysis.

LNPh-TDA a5 subsequently reacted with the well-known
precursor [Fe(NCBH;),(py),] in two different solvents,
acetonitrile (C1) and dichloromethane (C2)."”

The complex synthesis in both cases was carried out under
an inert atmosphere because of the air sensitivity of the
complex precursor used. Both complexes C1 and C2 obtained
are air-stable. Single crystals suitable for X-ray diffraction were
obtained from both complexes in different crystallization
conditions. In the case of Cl, single crystals were obtained
from the slow evaporation of acetonitrile, whereas in the case
of C2, the layering method was used to obtain single crystals
with dichloromethane and methanol.

4125 https://doi.org/10.1021/acs.cgd.6c00054
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Both complexes were characterized by IR spectroscopy. A
minor shift of the C=N stretching vibration within the
aromatic ring was observed from 1586 cm™' and 1567 cm™
(free ligand) to 1603 cm™" and 1571 cm™" for C1, and to 1603
ecm™ and 1571 cm™ for C2 due to electron density changes
upon coordination to iron(Il). Additionally, the N=C
stretching vibration of the NCBHj; coligand was observed at
2184 cm™' (Cl1) and 2179 cm™' (C2) (Figures S9 and
§10).”'"'® Further confirmation of complex formation was
provided by mass spectrometry, which revealed fragments such
as [Fe(LN*™TPAINC]* (m/z: 505.089; 100%) (see Figures
S13—S16). This is explained by the loss of one NCBH,
coligand and by cleavage of the B—C bond, likely due to
acidic conditions durlng the sample preparation or the
measurement process.’

Elemental analysis (EA) confirmed solvent exchange in Cl,
from acetonitrile to water. In the case of C2, dichloromethane
as a lattice solvent was verified by EA. Both were confirmed by
infrared spectroscopy, as the C1 sample used for further bulk
analysis exhibited an O—H stretching vibration around 3000
cm™'. Powder X-ray diffraction (XRD) (Figure S44) was used
to verify the similarity between the measured single XRD
structure and the microcrystalline sample used for the SQUID
magnetometry.

Structural Determination

Single crystals of both complexes C1 and C2 crystallized in the
same monoclinic crystal system. C1 crystallized in the P2,/c
space group with two acetonitrile molecules per complex unit,
whereas C2 crystallized in the C2/c space group with 1.5 DCM
per complex unit. The crystallography data are tabulated in
Tables S1-S4.

Given that the different solvents led to different space
groups, the influence on the molecular structure was further
investigated. Complex C1 exhibits a fac-isomer, characterized
by the cis-coordination of the two pyridine rings among the
four coordinating nitrogen atoms of the tetradentate ligand
LNPhTPA iy addition to two NCBH; coligands (see Figure 2).
On the other hand, complex C2 shows the same N-donor
coordination but with trans-coordinating pyridine units,
leading to the mer-isomer, also illustrated in Figure 2.

The influence of the heteroatom on the bite angle and ligand
flexibility was previously described by some of us as part of an
1nvest1gat10n into the formation of helically chiral dinuclear
complexes.”’ Since the reported complex also adopts the mer-
configuration, this suggests that the presence of the 1,3,4-
thiadiazole unit alone does not determine the coordination
geometry. Instead, the introduction of the bulky naphthyl
group in LN*PTPA may contribute to a solvent-dependent
isomerization through increased steric strain. These findings
are also in line with literature reports from Kisslinger et al,
who examined a series of complexes with comparable
coordination motifs, varying the terminal N-donor function-
alities.”' The introduction of steric strain through substitution
of the terminal amine with two methyl groups, or with bulkier
groups such as propan-2-ylidene-imine and 1,1,3,3-tetrame-
thylguanidine, showed that increasing strain favored mer-to-fac
isomerization.'” In another example by Matouzenko et al., the
stereoisomerism of tetradentate ligands with a similar motif has
been investigated in fac-[Fe(DPPA)(NCS),] (DPPA = (3-
aminopropyl)bis(2-pyridylmethyl)amine) and mer-[Fe-
(DPEA)(NCS),] (DPEA = (3-aminoethyl)bis(2-
pyridylmethyl)amine). In this study, elongation of the ligand’s
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coordination arm led to a change in the coordination geometry
from fac to mer.”>>’ However, in all cases described in the
literature, the complexes are fixed in a specific spin state, either
LS or HS. Therefore, the influence of the magnetic behavior
associated with this structural rearrangement has never been
investigated before. In our current example, however, the
lattice solvent plays an active role in dictating the crystal
packing, which in turn drives a meridional-facial reorientation,
allowing for the first time to directly investigate the SCO
response associated with such solvent-induced structural
rearrangement.

The effect of deformation on the coordination sphere
(C12—N2—Fel—N3-C13) is illustrated by the observed out-
of-plane distortions shown in Figure 3. The distortion was

C13 C12

C2
cas w2

N3 Fe N2

Figure 3. Out-of-plane distortion for the coordination pocket of the
iron ion for the fac-shaped [Fe(LN*P™TPA)(NCBH,),]-2 MeCN
(above) (C1) and the mer-shaped [Fe(LN**""TPA)(NCBH;),]-0.9
DCM (C2) (down), with the calculated least-squares plane (red)
based on the atoms in the coordination pocket (C12—N2—Fel—N3-
C13). The software Mercury was used to calculate the least-squares
plane.

visualized through the calculation of the least-squares plane of
the atoms in the coordination pocket (C12—N2—Fel—N3-
C13) using Mercury. The distortion is less pronounced for the
mer-isomer (C2), with the atoms of the coordination sphere
(C12—N2—-Fel—N3-C13) lying almost perfectly within the
calculated plane. Conversely, the 1,3,4-thiadiazole-naphthyl
unit of C2 is significantly more curved, providing additional
insight into the distortion caused by ligand strain.

The structural differences between complexes C1 and C2
were evaluated by comparing their distortion parameters
(Tables S6 and S7). At 120 K, complex C1 exhibits a
distortion parameter Y o(FeNg) of 52.17°, which is signifi-
cantly larger than that of C2 and related complexes reported in
the literature. The smaller value for C2 (Yo = 48.35°) is
comparable to other reported mer-isomers such as [Fe-
(LP™OPA)(NCBH;),]'MeCN (Yo = 49.44°), [Fe(L™™TP4).
(NCBH;),]'H,O0 (Yo = 49.65°), and [Fe(LNh-ODA).
(NCBH;),]-1.5 MeOH (Yo = 47.04°), but lower than the
chiral analogue [Fe(LN*Ph-OPA-Al)(NCBH;),]-0.5 MeCN (Y,

= 57.94°).2'72%5 This deviation is attributed to the steric
1nﬂuence of an 1ntroduced methyl group within the
coordination sphere.” As all of these complexes are in the
low-spin state at 120 K, the difference in distortion between
the fac- and mer-isomers (AY, = 3.82°) is considered
significant. Given that both isomers share identical donor sets
and ligand frameworks, this variation can be fully ascribed to
their dlstmct coordination modes and first-sphere geo-
metries.”**’ Subtle modifications in the coordination environ-
ment, as reflected by the octahedral distortion parameter, are
known to strongly influence spin crossover (SCO) behavior
and critical temperatures.

https://doi.org/10.1021/acs.cgd.6c00054
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The average Fe—N bond lengths for C1 and C2 are nearly
identical (1.969 A and 1.968 A, respectively, Table SS),
consistent with their low-spin configuration.”” Upon transition
to the high-spin state, an increase in Fe—N bond lengths and
distortion parameters is expected due to the population of ¢,*
orbitals. This is true for C1, for which a marked increase in
average bond length was observed at 230 K (dg,_y = 2.160 A),
indicating that the SCO occurs between 120 and 230 K. The
increase is comparable to the high-spin analogues [Fe-
(LPh-OPAY(NCBH,),]-MeCN (2.174 A), [Fe(LPhTPA).
(NCBH,),]-H,O (2.15 A) [Fe(LN**"OPA)(NCBH,),]-1.5
MeOH (2.165 A), and [Fe(LN*h-OPA-Al(NCBH,),]-0.5
MeCN (2.162 A).”""***> Accordingly, the distortion param-
eter of Cl increases substantially to Yo = 102.76° further
confirming the spin state transition.”’

In contrast, the Fe—N bond lengths for C2 at 240 K remain
relatively short (dp_y = 2.034 A), indicating that SCO is
incomplete or only partially occurring. This is also reflected in
a relatively low distortion parameter of Y = 65.35° at 240 K
for C2, significantly below those of reported high-spin mer-
isomers [Fe(L™°PA)(NCBH,),]-MeCN (X0 = 97.26°),
[Fe(LP*TPA)(NCBH,;),]-H,0 (Yo = 86.90°), [Fe-
(LNaph-ODAY (NCBH;),]-1.5 MeOH (Yo = 92.92°) and
[Fe(LNPh-ODA-Al) (NCBH;,),]-0.5 MeCN (3, = 89.78°),
which are high-spin at 230 and 240 K, respectively.”'”***°
The bond lengths of both complexes C1 and C2 at both
measured temperatures are shown in Figure S43.

The space groups of C1 and C2 differ, suggesting that their
intermolecular interactions must also be different. In particular,
7—r stacking is known to affect the cooperativity and thus the
abruptness of spin crossover. Since other factors, such as
hydrogen bonding or solvent interactions, were not observed
in the present crystal structures, which is supported by the
apolar nature of the lattice solvents (DCM and MeCN), the
discussion is limited to 7—7 interactions.*’

In the crystal structure of both complexes, C1 and C2, the
complex fragment [Fe(LN**"TPA)(NCBH;),] occurs as pairs
connected by the m—rz-interaction of the naphthyl-1,3,4-
thiadiazole-unit (shown in Figures S23, S30, S35, and S42).
Based on the coordination isomer (mer/fac), the packing
interactions differ between C1 and C2, as detailed further
below (Figures S22 and $37).>"*” In the case of C2, the
complexes form linear chains along the unit cell diagonal,
stabilized by sequential naphthyl—naphthyl and pyridine—
pyridine interactions (see Figure S37). This motive is in
contrast to both reported 1,3,4-oxadiazole complexes [Fe-
(LNaph-ODA-Al (NCBH,),]-0.5 MeCN and [Fe(LNPh-ODA).
(NCBH,;),]-1.5 MeOH, where the connection between the
pairs occurs by interlocked iron(II) coordination pockets.”"”
The stacking parameters for pyridine—pyridine interactions,
calculated using the geometrical methods of B.K. Saha et al,
are comparable across all systems and show minimal
temperature dependence (Table S8, Figure $36).”’ The
resulting chains of the complex pairs in the packing of C2
are oriented along the a-b-face diagonal, while the next
neighbor chain is turned by 45°. Solvent channels of
dichloromethane are observed along the c-axis as the C—H
bonds of the dichloromethane are oriented in the direction of
the naphthyl group.

For Cl, fac-coordination also facilitates naphthyl—naphthyl
interactions but introduces additional interactions: thiadia-
zole—naphthyl and thiadiazole—pyridine stacking, which are
oriented along the a-axis (Figures S21, S22, S24, and S25).
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These interactions result in a rectangular network along the a-
axis, with solvent channels of acetonitrile along the a-direction
(Figure S22). The additional interactions between the
aromatic systems lead to a stronger network compared to
C2, which affects the spin state profile, resulting in a higher
degree of cooperativity and, consequently, a more abrupt
profile. The stacking parameters suggest that the naphthyl—
naphthyl interactions in C1 are stronger, as indicated by a 1.3
A smaller offset compared to C2 (Table S8). The interaction
strength is also reflected in the unit cell expansion observed
upon heating. A modest unit cell volume increase by 2% is
observed for C1 and by 4% for C2. These expansions are
relatively small when compared to the 9% volume change
reported for the oxygen analogue [Fe(LNh-ODA) (NCBH,),]-
3 MeOH."”

Notably, the naphthyl—naphthyl interactions in C1 undergo
a decrease in offset upon heating, coupled with a rotation
around the 1,3,4-thiadiazole-naphthyl bond (shown in Figure
4). This is quantified by a change in the torsion angle C1—

230K

Figure 4. Naphthyl—naphthyl-rotation observed by VT single-crystal
XRD for the fac-shaped complex [Fe(LN***TPA)(NCBH;),]-2 MeCN
(C1) at 120 K (above) and 230 K (bottom).

C10—C11—N1 (with C10—Cl11 being the bond between the
naphthyl and thiadiazole units), which shifts by approximately
22°. This rotational flexibility may significantly influence the
cooperative behavior of spin transition.

A similar study was demonstrated by Zhao et al. for the
enantiopure complex [(R-L)Fe{Au(CN),},] (R-L = (R)-N'-
N?-dibenzyl-N'-N>-bis(pyridine-2-ylmethyl) propan-1,2-dia-
mine), where a symmetry-breaking transition due to the
spring-like motion of benzyl rings enabled hysteresis in the
magnetic response.”’ In their study, motion of the benzylic
groups between 280 and 380 K led to a two-step spin
transition, including a symmetry change from P2,2,2, to P2,
and a spin transition from high-spin to low-spin states,
demonstrating the profound impact of intramolecular flexibility
on SCO hysteresis.

Solid State Magnetism

To investigate the influence of the coordination isomer in the
solid state, magnetic measurements were performed on
microcrystalline powder using a SQUID magnetometer.
These measurements were performed upon cooling from 300
to 10 K and heating from 10 to 300 K, at an effective scan rate
of 2.5 K/min, for both complexes in settle mode (see Figure
5). For Cl, SQUID measurements were performed on the
solvated sample (suggesting [Fe(LN*P"PA)(NCBH;),]-2
MeCN) using the mother liquor. To demonstrate the impact

https://doi.org/10.1021/acs.cgd.6c00054
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Figure 5. y(T vs T of [Fe(LN**h"TPA)(NCBH;),]-2 MeCN (C1) with
the mother liquor (green), the same sample after exposure to
humidity and lattice solvent exchange (yellow) and [Fe(LNhTPA).
(NCBH;),]-0.9 DCM (C2) (purple) from 300 to 10 K.

of the lattice solvent, the sample was exposed to humidity, after
which the lattice solvent acetonitrile was exchanged with water,
verified by elemental analysis (see Figure S46).

Both complexes reach a yT value of approximately 3.5 cm®
K-mol™" at high temperatures, which is characteristic of the Ty,
high-spin state of Fe(Il). A clear plateau is seen in the case of
C1.” Upon cooling, complex C2 displays a gradual decrease in
T between 250 and 100 K, with a critical temperature of T¢!
= T¢! = 165 K. The yyT value reaches a low-temperature
plateau of 0.09 cm*K-mol™’, consistent with conversion to the
Ay low-spin state via spin crossover.”

At room temperature, the T value for C1 is 3.47 cm*K-
mol ™!, consistent with values reported for high-spin iron(1I)
complexes with comparable coordination geometry.”” Upon
cooling, the yT value decreases abruptly between 240 and
210 K, reaching 0.38 cm®K-mol™". This is followed by a
gradual decrease to a low-spin plateau of 0.05 cm*K-mol ™/,
indicative of complete conversion to the A;; low-spin state.
The critical temperature (T¢) during cooling was determined
as the temperature at which 50% of the T of the fully high-
spin state is reached, yielding Tc = 225 K. Exchanging
acetonitrile for water as lattice solvent results in a change in the
spin crossover profile (see Figure S46). It is known that the
lattice solvent has an impact on the cooperativity and
transition temperatures.36 At high temperatures, a plateau is
observed with y T values (3.45 cm>K-mol™) similar to those
of the solvated sample. Upon cooling, a shift in the critical
temperature is observed, decreasing to T = 207 K. Powder
XRD confirms that the SQUID sample of C1 corresponds to
the crystal structure. This indicates that the rotation of the
naphthyl groups does not significantly influence the spin
crossover temperature, as might be expected based on the
literature.”*

Further, by correlating the packing effects to the magnetic
behavior, we observe, in the packing of C1, that the additional
interactions between the aromatic groups are leading to a
stronger network compared to C2. This is reflected in the
abrupt spin state transition observed for C1, in contrast to the
more gradual spin transition by C2, where weaker interactions
between the complex units exist. The distinct coordination
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geometries observed for the two complexes originate from the
nature of the lattice solvent, which acts as a key structure-
directing factor during crystallization. Although both species
are derived from the same molecular components and exhibit
m—n stacking interactions between the naphthyl groups,
crystallization from different solvents stabilizes different
coordination isomers, namely, the facial (C1) and meridional
(C2) forms. This solvent-dependent isomer selection leads to a
change in the relative orientation of one pyridyl donor with
respect to the 1,3,4-thiadiazole unit, being trans in C1 and cis
in C2.

As a consequence, the two isomers display markedly
different supramolecular interaction patterns. In the facial
isomer, the lower symmetry enables a higher degree of
intermolecular connectivity, where the pyridyl group trans to
the thiadiazole unit engages in additional 7—7 interactions
with the thiadiazole ring of a neighboring molecule, giving rise
to an extended interaction network. In contrast, the meridional
isomer lacks such cross-interactions and is instead charac-
terized by comparatively weaker pyridine—pyridine contacts.

Thus, the lattice solvent not only governs the coordination
geometry but also dictates the resulting crystal packing and
intermolecular interactions. These differences directly influ-
ence the degree of cooperativity within the lattice, ultimately
leading to the distinct spin-crossover behaviors observed for
the two complexes. The lattice solvent is well-known to
influence the profile of the spin crossover, due to
intermolecular interactions.””**

The two solvatomorphs of the 1,3,4-thiadiazole-based Fe(II)
complex display distinct coordination modes and spin-
crossover behaviors, reflecting the combined influence of
lattice polarity and coordination geometry. In C1 (¢ = 36
(MeCN as in XRD) and 80 (H,O as in bulk sample by EA)), a
facial (fac) arrangement of the FeNj core is stabilized, resulting
in a more symmetric ligand field and shorter average Fe—N
distances. The parameter ¢ denotes the dielectric constant of
the lattice solvent. This is consistent with a dominant low-spin
character and a higher T),,. The observed framework of 7—x
interactions results in a higher degree of cooperativity.” In
contrast, the dichloromethane solvate (¢ ~ 9) favors a
meridional (mer) configuration, introducing greater angular
distortion and a weaker ligand field, correlating with the
predominance of the high-spin state.”” These observations
suggest that the dielectric nature of the lattice solvent exerts an
indirect yet significant impact: the more polar lattice enhances
electrostatic screening and intermolecular coupling, thereby
stabilizing the low-spin configuration. In contrast, the less polar
DCM lattice weakens these interactions and promotes high-
spin behavior. Further evidence on solvent polarity-dependent
coordination isomers was presented by Nabeshima et al
through the analysis of the equilibrium between fac and mer-
coordination in tris coordinated helical motif of iron(II) in
various solvents using solution NMR."> This solvent-driven
reorganization of coordination geometry and spin state
exemplifies how lattice polarity and local structure coopera-
tively govern the electronic bistability in SCO materials.

B CONCLUSION

In conclusion, we report the synthesis and detailed character-
ization of the novel ligand 1-(S-(naphthalen-2-yl)-1,3,4-
thiadiazol-2-y1)-N,N-bis(pyridin-2-ylmethyl)methanamine
LN*hTPA)Y and two solvatomorph complexes, C1 [Fe-
(LNeph"TDA) (NCBH;),]-2 MeCN and C2 [Fe(LNPh-TPA)
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(NCBH;),]-:0.9 DCM. The crystallization solvent exerts a
decisive influence on the coordination geometry, with
acetonitrile favoring formation of the facial isomer, whereas
dichloromethane stabilizes the meridional isomer, highlighting
a pronounced solvent-dependent isomerization effect. Varia-
ble-temperature SQUID magnetometry reveals a shift in the
SCO behavior between the two solvatomorphs, which can be
directly correlated with their coordination mode and the
distinct packing arrangements, as elucidated by single-crystal
X-ray diffraction. The fac- and mer-isomers exhibit fundamen-
tally different packing motifs, leading to pronounced differ-
ences in both the SCO temperature and the cooperativity of
the transition.

This work highlights that solvent choice not only determines
the coordination isomer formed but, through the resulting
packing arrangement, also governs the magnetic response of
the material. In particular, the dielectric character of the
incorporated solvent plays a critical role in modulating the
intermolecular interactions within the crystal lattice. These
findings establish solvent selection as a powerful and predictive
strategy for controlling coordination isomerism and fine-tuning
the SCO properties in iron(II) systems. Ongoing studies aim
to further elucidate the relationship between coordination
isomerism and other facets of ligand design.

B EXPERIMENTAL SECTION

All chemicals were purchased from Alfa Aesar, Deutero, Fisher
Chemicals, TCI, Sigma-Aldrich, and Acros Organics and were used
without further purification. Solvents were dried according to the
literature-known procedures and used freshly distilled.** NMR spectra
were recorded at room temperature with a Bruker Avance DSX 400
and analyzed with the program MestReNova."' Magnetic suscepti-
bility measurements were performed on a Quantum Design SQUID
magnetometer MPMS3-EC in a temperature range between 10 and
300 K with an applied field of 1 kOe. All mass spectra (Advion
expression-L CMS) as well as elemental analysis (Elementar vario EL
Cube: C, H, and N) were measured at the microanalytical laboratories
of the Johannes Gutenberg University Mainz. X-ray diffraction data
were collected with an STOE STADIVARI instrument at the
Johannes Gutenberg University Mainz. The structures were solved
with ShelXT* and refined with ShelXL**** implemented in the
program Olex2.*> The X-ray cif file data are deposited on the
Cambridge CCDC database with identification numbers 2501268—
2501271. UV—vis absorption spectroscopy was performed using the
JASCO V-770 in a single-beam mode with a scanning speed of 400
nm/min. The data were plotted using Origin 7.5 V5. The ATR-IR
spectra were recorded at room temperature on a Bruker ALPHA II
ATR-IR, analyzed with the software OPUS and plotted in Origin 7.5
VS. The conductivity measurements were performed for the samples
in acetonitrile using a SevenCompactTM S230 conductivity meter. The
arithmetic mean of three measurements was used for the calculation
of the molar conductivity.

B LIGAND SYNTHESIS

The synthesis of 1-(S-(naphthalen-2-yl)-1,3,4-thiadiazol-2-yl)-
N,N-bis(pyridin-2-ylmethyl)methanamine of LN*P"TPA was
done similar to the reported.”

2-Naphthohydrazide

2-Naphthohydrazide was prepared based on the previously
reported literature.'”*¢ Naphthoic acid (20.00 g, 116.20 mmol,
1.0 equiv) was dissolved in 300 mL of ethanol, and sulfuric
acid (4 mL, conc.) was added. The solution was refluxed over
24 h at 90 °C. The solvent was removed under reduced
pressure, and the residue was dissolved in 300 mL of
dichloromethane. The organic phase was washed three times
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with 100 mL of sodium bicarbonate (5%), the organic phase
was dried over magnesium sulfate, and the solution was
concentrated under reduced pressure. The residue was
dissolved in 100 mL of methanol, and hydrazine hydrate
(6.31 mL, 127.80 mmol, 1.1 equiv) was added to the solution,
which was then refluxed for over 24 h at 75 °C. While cooling
down the solution, a beige solid was obtained and separated by
filtration. The resulted beige solid was washed three times with
30 mL of cold methanol and with 30 mL of n-pentane to yield
2-naphthohydrazide (18.60 g, 99.89 mmol, 86%). 'H NMR
(400 MHz, DMSO-dg 8(ppm)) 9.96 (s, 1H), 8.44 (d, J = 1.7
Hz, 1H), 8.04—7.89 (m, SH), 7.65—7.54 (m, 2H), 4.61 (s,
2H).

Bis(Pyridine-2-yl)glycine (I)

The synthesis procedure of bis(pyridine-2-yl)glycine (I) was
reported by Levadala et al.*’

Glycine (3.00 g, 79.93 mmol, 1.0 equiv) was suspended in
80 mL of dichloromethane under a nitrogen atmosphere.
Under cooling with ice, sodium triacetoxyborohydride (21.18
g, 99.91 mmol, 2.5 equiv) was added and stirred. After 10 min,
a solution of 2-pyridinecarbaldehyde (7.60 mL, 79.93 mmol,
2.0 equiv) in 20 mL of dichloromethane was added. The
cooling was replaced, and the yellowish suspension was
allowed to warm up overnight. 70 mL of saturated sodium
bicarbonate solution was added. After 30 min, the two phases
were extracted, and the aqueous phase was extracted twice with
150 mL of dichloromethane. The organic phase was dried over
sodium sulfate, and the solvent was removed under reduced
pressure. The crude product was purified via column
chromatography (dichloromethane:methanol; 90:10). The
product was isolated as brown powder (3.113 g, 12.10
mmol, 30%)."H NMR (400 MHz, chloroform-d &§(ppm)):
8.59—8.53 (m, 2H), 7.67 (td, ] = 7.7, 1.8 Hz, 1H), 7.33—7.29
(m, 1H), 7.23 (ddd, J = 7.6, 4.9, 1.2 Hz, 1H), 4.11 (s, 2H),
3.61 (s, 1H).

1-(5-(Naphthalen-2-yl)-1,3,4-thiadiazol-2-yl)-N,N-bis-
(pyridin-2-yImethyl)methanamine (LN2P"-TPA)  Bijs-
(pyridin-2-ylmethyl)glycine (I) (5.260 g 20.44 mmol, 1
equiv) was dissolved under a nitrogen atmosphere in dry
dichloromethane, and the solution was cooled with ice.
Carbonyldiimidazole (3.708 g, 22.87 mmol, 1.1 equiv) was
added, and the clear solution was stirred under cooling for 30
min. Naphthohydrazide (3.807 g, 20.44 mmol, 1 equiv) was
added, and the suspension was allowed to warm up and stirred
overnight. Then, the solvent was evaporated under vacuum,
and the residue was dissolved in dry tetrahydrofuran under a
nitrogen atmosphere. To the clear brown solution, Lawesson’s
reagent (9.907 g, 24.53 mmol, 1.2 equiv) was added, and the
resulting reddish-brown solution was heated under reflux at 80
°C overnight. Then, the solvent was removed under vacuum,
and the residue was dissolved in 400 mL of dichloromethane.
The organic phase was washed three times with saturated
sodium bicarbonate solution and dried over sodium sulfate.
The desired product 1-(S-(naphthalen-2-yl)-1,3,4-thiadiazol-2-
y1)-N,N-bis(pyridin-2-ylmethyl)methanamine (LN*Ph-TPA)
(3.566 g, 8.43 mmol, 41%) was obtained after purification
with flash chromatography of the vacuum concentrated organic
phase as a brown solid in moderate yields. "H NMR (400
MHyz, chloroform-d 5(ppm)): 8.59 (ddd, J = 4.9, 1.8, 0.9 Hz,
2H), 8.42 (d, J = 1.8 Hz, 1H), 8.12 (dd, ] = 8.6, 1.8 Hz, 1H),
7.97-7.85 (m, 3H), 7.73 (td, ] = 7.7, 1.8 Hz, 2H), 7.60 (dt, ] =
7.9, 1.1 Hz, 2H), 7.58—7.53 (m, 2H), 7.21 (ddd, J = 7.5, 4.9,
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1.2 Hz, 2H), 4.25 (s, 2H), 4.00 (s, 4H). *C NMR (101 MHz,
CDCL, 6 (ppm)): 158, 149, 137, 134, 133, 129, 128, 1278,
128 (d, J = 10.3 Hz), 127, 124, 123, 122, 59, 53. FT-IR: ¥
(cm™1) = 3045, 3009, 2960, 2929, 2880, 2837, 1680, 1586,
1567, 1510, 1473, 1431, 1416, 1347, 1321, 1302, 1283, 1242,
1216, 1192, 1175, 1147, 1131, 1112, 1071, 1047, 992, 977,
937, 908, 871, 857, 842, 813, 770, 760, 743, 680, 653, 629,
606, 585, 565, 519, 481, 405. ESI-MS (m/z): calc. for
[CpeHy NS, ]* expected: 424.159 (100.00%); found: 424.160
(100.00%). Elemental analysis calculated for LN**hTPA o
H,0 (C,s Hys N5Oy<S): C, 63.71; H, 4.08; N, 16.36. Found:
C, 69.70; H, 4.81; N, 15,90.

B COMPLEX SYNTHESIS

The [Fe(py),(NCBHj;),] precursor was prepared according to
the literature.*®

[Fe(LNaPhTPAY(NCBH,),]-2 MeCN (C1)

The following reaction was carried out in a glovebox under an
inert atmosphere. [Fe(py),(NCBH;),] (109 mg, 0.24 mmol, 1
equiv) was dissolved in acetonitrile (8 mL) and stirred for 30
min. The solution was filtered with a syringe filter to remove
undissolved particles. The filtrate was added to a solution of 1-
(5-(naphthalen-2-y1)-1,3,4-thiadiazol-2-yl)-N,N-bis(pyridin-2-
ylmethyl)methanamine (LN***"TP4) (100 mg, 0.24 mmol, 1
equiv) in 1 mL of acetonitrile. The solution was stirred for 30
min again and filtered into an empty vial using a syringe filter.
The solution was kept undisturbed and set for slow
evaporation of the solvent. After 4 days, brown block-shaped
crystals had formed that were suitable for X-ray structure
analysis. The crystals were collected by filtration and dried at
atmospheric pressure to afford [Fe(LN**"TP4)(NCBH;),]2
MeCN (101.00 mg, 0.181 mmol, 77%) at high yields. FT-IR: &
(em™) = 3053, 2336, 2184, 1603, 1571, 1479, 1439, 1369,
1356, 1319, 1289, 1266, 1191, 1191, 1191, 1156, 1117, 1096,
1054, 1054, 1017, 995, 976, 958, 938, 897, 884, 863, 820, 796,
767, 752, 704, 652, 615, 560, 513, 475, 425, 410. ESI-MS (m/
z): cale. for [CysH, FeNgS]" expected: 505.089 (100.00%);
found: 505.089 (100.00%). Elemental analysis calculated for
[Fe(LN*h"TPAY (NCBH;),]-0.5 H,O (CyHyN,B,FeQyS): C,
57.09; H, 4.97; N, 17.26. Found: C, 56.72; H, 5.09; N, 17.16.
Since the EA was not measured immediately after isolation
from the mother liquor, the lattice solvent MeCN is replaced
by water.

[Fe(LN2P""TPA)(NCBH;),]-0.9 DCM (C2)

The following reaction was carried out in a glovebox under an
inert atmosphere. [Fe(py),(NCBH;),] (109 mg, 0.24 mmol, 1
equiv) was dissolved in S mL of dry methanol and stirred for
30 min, resulting in a red solution. The solution was filtered
using a syringe filter to remove undissolved particles. The
filtrate was layered above a spacer solution of 1:1 dichloro-
methane and methanol, which was layered on a solution of 1-
(5-(naphthalen-2-yl)-1,3,4-thiadiazol-2-yl)-N,N-bis(pyridin-2-
ylmethyl)methanamine (LN**"TP4) (100 mg, 0.24 mmol, 1
equiv) in S mL of dichloromethane. Crystals suitable for X-ray
structure analysis were obtained after 6 days out of the reddish
solution. The crystals were collected by filtration, dried at
atmospheric pressure to afford [Fe(L¥**"TP4)(NCBH;),] - 0.9
DCM (65.00 mg, 0.107 mmol, 45%). FT-IR: & (cm™") = 2916,
2337, 2179, 1603, 1571, 1478, 1440, 1349, 1305, 1283, 1217,
1192, 1155, 1110, 1049, 1019, 996, 956, 938, 897, 862, 821,
789, 758, 731, 705, 657, 642, 473, 421. ESI-MS (m/z): calc. for
[Cy¢H, FeNgS]* expected: 505,089 (100.00%); found:
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505.089 (100.00%). Elemental analysis calculated for [Fe-
(LNMTPR) (NCBH;),] - 0.9 CH,Cl, (Cy5Hys N;B,FeSCl 5):
C, 52.73; H, 4.57; N, 15.43. Found: C, 52.53; H, 4.73; N,
15.62. The EA was measured immediately after isolation from
the mother liquor
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