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Chiral 1D Cyanide-Bridged Bimetallic Compounds Build
With Enantiomorphic Pentagonal Bipyrimidal M(II) Units
Dylan Martinez,[a] Céline Pichon,[a] Carine Duhayon,[a] Virginie Béreau,[a, b]

Hironori Yamaguchi,[c, d] and Jean-Pascal Sutter*[a]

Chiral 1D coordination compounds formed by association of
either of the enantiomers of [ML(MeOH)Cl]Cl (with M=MnII or
FeII; L stands for either R or S enantiomer of a pentadentate
macrocycle) and NBu4[Fe

III(bpb)(CN)2], namely: 1D-[{FeIII-
(bpb)(CN)2}{M

II(LR)}](PF6) and 1D-[{FeIII(bpb)(CN)2}{M
II(LS)}](PF6)

with M=Mn (2R, 2S) and Fe (3R, 3S). The

bis(triphenylphosphine)iminium salt of the metallo-ligand,
PNP[FeIII(bpb)(CN)2]·2H2O, 1b, is also described. Their prepara-
tions, crystal structures, optical and magnetic properties are
reported. Mössbauer spectroscopy confirmed the oxidation
state in the [FeII� FeIII] chain, for which AC susceptibility suggests
SCM behavior, but for very low T.

1. Introduction

Molecular magnetic compounds have been a subject of
extensive research since several decades. Designs and specific
chemical approaches have been explored in order to access
specific materials with controlled properties.[1–10] The latest
developments are aimed at materials in which magnetic
properties combine with other properties, ideally in a syner-
gistic way.[11–14] In many cases, this crossover of properties is
induced by asymmetry, as in the case of multiferroics or for
magneto-optic effects. Chirality control is therefore an addi-
tional parameter to be taken into account when designing
these materials.

Single-chain magnets (SCMs) belong to the magnetic
compounds of current interest. These molecular nanomagnets
are exchange-coupled 1D spin arrays characterized by a
freezing of their magnetization below a threshold
temperature.[15,16] Such a behavior results from an easy-axis
magnetic anisotropy for the chain which is induced by
individual magnetic centers exhibiting themselves axial aniso-
tropy, i. e. a negative axial zero field splitting (ZFS) parameter D.

In this respect, metal complexes with pentagonal bipyramidal
(PBP) geometry have proven to be well-suited building blocks,
especially FeII and NiII derivatives for which D is typical between
� 10 and � 20 cm� 1.[17] Such complexes have been successfully
involved in the preparation of SCMs.[18–22] Herein, we explored
the possibility of achieving chiral cyano-bridged 1D coordina-
tion polymers involving PBP centers stabilized by a pentaden-
tate macrocycle.

Chiral 1D coordination polymers are classically built from
metal complexes bearing homochiral ligands.[23–29] Recently, we
have reported the preparation of a chiral PBP FeII derivative
based on an homochiral macrocyclic ligand (LR and LS,
Scheme 1).[30] Its exchangeable apical coordination sites and
magnetic anisotropy make it an interesting precursor for the
development of chiral chains. The possibility of forming 1-D
coordination polymers by association with a trans-dicyanido
metallo-ligand was therefore investigated. The metallo-ligand
[FeIII(bpb)(CN)2]

� (bpb2� stands for 1,2-bis(pyridine-2-
carboxamido)benzenate(2� ), Scheme 1) was chosen as the
assembling unit due to the trans position of the cyanido groups,
which favors a linear arrangement of a 1D polymer.[21,31,32] This
metallo-ligand was reported to lead to hetero-metallic cyanido-
bridged compounds with MnII,[31] NiII,[32] and CuII complexes[33,34]

bearing polydentate ligands in their equatorial positions.
Discrete and 1D systems were obtained, but this seems to
depend on the MII complex rather than being controlled by the
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Scheme 1. Molecular units involved in the formation of the 1D coordination
compounds.
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reaction conditions; a fairly common occurrence in metallo-
supramolecular chemistry.[26] Interestingly, with PBP MnII deriva-
tives, only 1D polymers were formed.[31] In addition, its para-
magnetic nature, with a spin S= 1

2, gave rise to exchange
interactions with the metal ions bound to the CN units.

Using [FeIII(bpb)(CN)2]
� as the assembling unit, 1D coordina-

tion compounds formed with either of the enantiomers of the
chiral PBP Fe(II) complex, and the Mn(II) homologues, have
been obtained, namely : 1D-[{FeIII(bpb)(CN)2}{M

II(LR)}](PF6) and
1D-[{FeIII(bpb)(CN)2}{M

II(LS)}](PF6) with M=Mn (2R, 2S) and Fe (3R,
3S). Their preparations, crystal structures, optical and magnetic
properties are reported.

2. Results and Discussion

Syntheses. The tetrabutylammonium salt, NBu4[Fe
III(bpb)(CN)2]

1a,[35] appeared especially suited to the assembling reaction
with the chiral [ML(MeOH)Cl]Cl complexes, because of its
solubility in organic solvents. The
bis(triphenylphosphine)iminium salt, PNP[FeIII(bpb)(CN)2]·2H2O,
1b, was prepared with the aim of separating the paramagnetic
centers in the crystal lattice. It was used as a reference
compound for the magnetic behavior of the FeIII complex. Its
crystal structure is also reported.

The reaction by slow inter-diffusion of MeOH solutions of
NBu4[Fe

III(bpb)(CN)2] and one of the enantiomer of
[MnL(MeOH)Cl]Cl[36] or [FeL(MeOH)Cl]Cl[30] (with L either LR or LS,
Scheme 1) in the presence of PF6

� anions afforded crystalline
solids of respectively, 1D-[{FeIII(bpb)(CN)2}{MnII-
(L)}](PF6)·MeOH·H2O (2R, 2S for respectively, LR or LS enantiomer)
and 1D-[{FeIII(bpb)(CN)2}{Fe

II(L)}](PF6)·H2O (3R, 3S for LR or LS

enantiomer respectively). Powder X-ray diffraction studies
indicated that all compounds are isostructural (see Figure S11
for diffraction patterns). The structure for 2R was established
from single-crystal diffraction studies, but the crystals of Fe
derivatives 3R/S were consistently too small to allow the crystal
structure to be established. When ClO4

� was used in place of
PF6

� , the crystallization process yielded crystals of [{FeIII-
(bpb)(CN)2}{Fe

II(LR)}](ClO4)0.4Cl0.6·0.25MeOH 1.6H2O, 4R, suitable
for crystallographic studies that provided access to metrics for
the FeII� FeIII chain. As access to the chain structure was the sole
purpose of 4R, no further characterization was undertaken for
this compound. It should be noted that all experiments and
sample preparation involving the FeII derivatives were carried
out in a glovebox under an Ar atmosphere, experimental details
and various characterization data are given in the SI.

Crystal structures. The crystal structures for PNP[FeIII-
(bpb)(CN)2]·2H2O, 1b, for [{FeIII(bpb)(CN)2}{MnII-
(LR)}](PF6)·MeOH·H2O, 2R, and for the perchlorate salt of the
related derivative [{FeIII(bpb)(CN)2}{Fe

II(LR)}](ClO4)0.4Cl0.6·0.25MeOH
1.6H2O, 4R, have been investigated by single crystal X-ray
diffraction studies. Crystal data, ORTEP plots of the asymmetric
units, and metric data can be found in the Supporting
Information section.

PNP[FeIII(bpb)(CN)2]·2H2O, 1b, crystallized in the space group
P-1. It consists in one hexacoordinated FeIII complex, one PNP+

and two H2O solvate molecules (Figure 1). The molecular
complex displays the tetradentate bpb2� ligand in the equato-
rial coordination sites of the Fe and two C-linked CN ligands in
the apical positions. The coordination sphere has a distorted
octahedral shape, as shown by the shape parameter of 1.685
versus Oh geometry[37] deduced from Continuous Shape Meas-
ures analysis (Tables S5–S7) performed with SHAPE software.[38]

Separated evaluations of axial alignment and equatorial square
planar symmetry have shown that the overall distortion come
from plane distortion (shape parameter: 1.689 versus D4h) rather
than axial distortion (shape parameter: 0.279 versus linear).
Fe� C axial distances (1.971(1)–1.972(1) Å), Fe� N equatorial
distances for amide moieties (1.886(1)–1.897(1) Å) and Fe� N
equatorial distances for pyridine moieties (2.001(1)–2.006(1) Å)
all confirm the equatorial distortion of the complex. The
shortest intermolecular Fe···Fe distance is about 6.4 Å, with π-
stacking between the pyridine moieties (around 3.7 Å away
from each other). The pertinent bond distances and angles are
given in the Figures S12 and S13; they conform that reported
for other salts.[35,39]

[{FeIII(bpb)(CN)2}{MnII(LR)}](PF6)·MeOH·H2O, 2R, crystallized in
the chiral space group P212121. It consists in a cationic 1D
coordination polymer made of FeIII and MnII units, PF6

� anions,
and H2O and MeOH solvates molecules (Figure 2). Two crystallo-
graphically distinct chain units are found in the asymmetric
unit, but either consist of alternating FeIII and MnII centers
bridged by CN-linkers. Each {FeIII(bpb)(CN)2} unit is linked to two
Mn units by the means of the N-atoms of its cyanido-ligands
and each Mn unit is connected to two FeIII units through the
apical sites. This results in a rather straight homochiral 1D
arrangement (Figure S14). All the Mn(II) moieties display a PBP
coordination sphere with the macrocyclic ligand in the
equatorial coordination sites. The stereochemistry of the four
asymmetric C centers of the ligand is R, in agreement with the
stereoisomer involved in the assembling process, i. e. [MnLR-
(MeOH)Cl]Cl. The CShM parameters (0.380–0.378 versus D5h) for

Figure 1. Molecular structure of PNP[FeIII(bpb)(CN)2], 1b. Crystallization
solvents and H atoms are not depicted for clarity.

Wiley VCH Dienstag, 05.11.2024

2499 / 378142 [S. 2/8] 1

Eur. J. Inorg. Chem. 2024, e202400449 (2 of 7) © 2024 The Authors. European Journal of Inorganic Chemistry published by Wiley-VCH GmbH

Research Article
doi.org/10.1002/ejic.202400449

 10990682c, 0, D
ow

nloaded from
 https://chem

istry-europe.onlinelibrary.w
iley.com

/doi/10.1002/ejic.202400449 by C
ochrane France, W

iley O
nline L

ibrary on [07/11/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



the two distinct MnII centers confirmed the distorted pentago-
nal bipyramid coordination sphere, with distortion comparable
with those reported for related complexes.[30] The equatorial
arrangement is responsible for this distortion (CShM parame-
ters: 0.396–0.467 versus pentagonal), while axial alignment
hardly deviates from linearity (Tables S2–S4). Mn� N equatorial
distances (from 2.24 to 2.36 Å) and Mn� N axial distances (from
2.22 to 2.26 Å) substantiate the distortion of the PBP centers.
One of the two Mn� N� C angles is significantly deviating from
linearity with 144.5(3)°/145.8(3)° versus 167.5(3)°/164.0(3)° for
the second. The CShM analysis for the FeIII coordination sphere
showed that coordination to MnII does not increase the
distortion but deviation from Oh geometry remains important
(Tables S5–S7). The Fe� C axial distances (1.95–1.97 Å), the Fe� N
equatorial distances for amide moieties (1.88–1.98 Å), and the
Fe� N equatorial distances for pyridine moieties (1.89–1.98 Å)
confirm the equatorial distortion for the Fe complexes. The
chains run in parallel along the b-direction (Figure SI14). A
pseudo π-π stacking is observed along the a-direction that
involves pyridyl moieties of neighboring chains, the distances
between the ring centroids are 3.573 Å and 3.629 Å. The PF6

�

and the solvents molecules are located between these layers,
some having H-bonds with the NH of the macrocycle (O103—
H602, 2.190 Å) and the carbonyl of the bpb ligand (O1···O105,
O51···O101; Figure S14). No direct H-bond interactions take
place between chains. The shortest intermetallic distances are
5.0423(9) Å (Fe1···Mn11� x, � 0.5+y, 1.5� z) and 5.1004(9) Å
(Fe2···Mn21� x, � 0.5+y, 1.5� z).

Powder X-ray diffraction for bulk samples of 2R, 2S, 3R, and
3S indicated that all derivatives have the same structural phase

as described above for 2R (Figure S11) with, however, the other
enantiomer for the macrocyclic ligand when LS is involved.

[{FeIII(bpb)(CN)2}{Fe
II(LR)}](ClO4)0.4Cl0.6·0.25MeOH 1.6H2O, 4R,

revealed a structure reminiscent to 2R but with Fe(II) PBP units
and different counter-anions (Figure 2b). The compound crystal-
lized also in the chiral space group P212121, and the asymmetric
unit comprises the [FeII� FeIII] moieties of two crystallographic
independent 1D coordination polymers (Figure S15). These are
made-up by the alternation of {FeIII(bpb)(CN)2} and {FeIILR} units
linked by the means of the cyanido-ligands. The heptacoordi-
nated FeII units display homochiral LR ligands and a coordina-
tion sphere corresponding to a slightly distorted PBP geo-
metries (Table S2). The Fe� N bond lengths span from 2.152(4)
to 2.309(7) Å (Figure S15). For the hexacoordinated [FeIII-
(bpb)(CN)2]

� centers, the distortion with respect to octahedral
geometry is similar to that in 1b and 2R. Likewise, the bond
lengths are in the range found in 2R. The linkage of the
cyanido-ligands to the FeII is slightly bent, with angles of about
153° and 167°. Overall, the geometric features and the
molecular arrangement of the 1D coordination polymers in 4R
are very similar to that in 2R (Figure S15). The closest contacts
between chains are resulting from π-π-type interactions. The
inter-chains distances between the FeII and FeIII are 5.056(1) and
5.090(1) Å.

Circular Dichroism. The optical activity of 2R, 2S, 3R, and 3S
was confirmed by the circular dichroism (CD) spectra recorded
for crystalline sample diluted in KBr (0.25% in mass for 2R/S
and 1% for 3R/S); the UV-vis spectra are given in Figure S19.
The enantiomorphism of 2R and 2S, and 3R and 3S was
confirmed by symmetrical spectra but with opposite sign
(Figure 3). The CD features can be assigned to d-d and Ligand-
to-Metal charge-transfer transitions[40] (400–800 nm) and intra-
ligand π-π* transitions (200–350 nm). For 3R/S, a strong
component, centered at around 650 nm, is observed, which is
not found for 2R/S. This is due to the d-d transitions occurring
in high-spin d6 FeII, which are forbidden in the high-spin d5

configuration of MnII. This specific CD band is found in the
starting material [FeL(MeOH)Cl]Cl.[30]

Mössbauer spectroscopy. The 57Fe Mössbauer spectroscopy
was used to confirm the oxidation state of the Fe centers in the
[FeII� FeIII] chain compound. The spectrum recorded for poly-
crystalline 3R at 80 K (Figure 4) consists of two doublets with
chemical shift δ=0.99(1) and 0.23(1) mms� 1, and quadrupole
splitting ΔEQ=3.18 (2) and 1.10 (2) mms� 1, respectively. The
first doublet is characteristic for high-spin FeII ions in PBP
geometry with N-bound cyanide-ligands in the apical
positions.[18,21,41,42] The second is characteristic of octahedral FeIII

and its Mössbauer parameters closely resembles those of
[FeIII(bpb)(CN)2]

� and related low-spin derivatives.[35,40] It may be
noticed that this isomer shift is slightly more positive in 3R
compared to the discrete complex (0.23 versus 0.085 mms� 1)
but remain clearly below the range found for the related high-
spin FeIII derivatives (i. e. about 0.5 mms� 1).[35]

Magnetic properties. A solid-state EPR absorption spectrum
was recorded for 1b at 110 K (Figure 5). Analysis of the pattern
gave best fit for gx=2.22, gy=2.22, and gz=1.95 with linewidth
ΔHx=ΔHy=74.8 Oe, and ΔHz=63 Oe. The g values are compa-

Figure 2. Molecular structure of (a) 1D-[{FeIII(bpb)(CN)2}{MnII-
(LR)}](PF6)·MeOH·H2O, 2R, and (b) [{FeIII(bpb)(CN)2}{Fe

II-
(LR)}](ClO4)0.4Cl0.6·0.25MeOH 1.6H2O, 4R. The H-atoms, anions, and crystalliza-
tion solvents are not depicted for clarity.
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rable to those reported for NBu4[Fe
III(bpb)(CN)2] in solution.[35]

The anisotropy of ΔH reveals anisotropy in spin-phonon
coupling.[43]

The solid state magnetic behaviors were investigated for
1b, and for one enantiomer of the chain compounds, 2R and
3S, since chirality does not affect the magnetic properties. For
1b, the temperature dependence of the molar magnetic
susceptibility, χM, shows a slight decrease of χMT from
0.45 cm3mol� 1K at 300 K to 0.39 cm3mol� 1K for 2 K (Figure S16).
This behavior is consistent with previous reports[35,39,40] and
confirms a S= 1

2 ground spin state slightly deviating from Curie
behavior. The field dependence of the magnetization for
different temperature between 2 and 4 K are in agreement with
this spin state (Figure S16). The magnetic behavior have been
modeled for an S= 1

2 spin with a temperature independent
contribution (TIP) using PHI.[44] Best fit to χMT versus T and M
versus H gave g=2.04 and TIP= (198.3�0.4)×10� 6 cm3mol� 1.

For 2R, the variation of χMT versus T (Figure 6) is
characterized by a continuous decrease from 4.85 cm3mol� 1K at

300 K to 2.87 cm3mol� 1K for 2 K. The value at high temperature
is in agreement with the anticipated 4.8 cm3mol� 1K contributed
by one S=5/2 and one S= 1

2 [FeIII(bpb)(CN)2] center in the
absence of exchange interactions. The observed χMT versus T
behavior suggests that antiferromagnetic interactions take
place between the MnII and the FeIII centers but the spin-chain
regime is not reached at 2 K. This is supported by the M versus
H at 2 K that shows a rather gradual and continuous increase of
M with field to reach 5.05 μB for 70 kOe but saturation is not
observed. A Curie-Weiss analysis (χM=C/(T-θ), Figure S17) gave
C=4.8 cm3mol� 1K and θ= � 5.0 K, thus confirming the anti-
ferromagnetic MnII� FeIII interactions. An evaluation of the
exchange interaction was obtained by modeling the χMT versus

Figure 3. Solid-state CD spectra for (a) 2R and 2S, and (b) 3R and 3S.

Figure 4. Mössbauer spectrum for 3R at 80 K, site 1 and site 2 correspond to
the FeII and the FeIII centers respectively.

Figure 5. Solid state EPR for PNP[FeIII(bpb)(CN)2], 1b: Experimental (O) and
calculated (—) spectrum at 110 K. Best-fit parameters are given in the main
text.
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T behavior using an expression of the susceptibility for
Heisenberg linear chains with alternating spins.[45,46] A TIP
contribution arising for the FeIII units was included to account
for the steady increase of χMT with T in the higher T domain.
Best fit to the experimental behavior between 10 and 300 K
gave JMnFe= � 1.98�0.01 cm� 1 with gMn=2.0 (fixed), gFe=2.1
(fixed) and TIP= (105�10)×10� 6 cm3mol� 1. The strength of the
Fe� Mn interaction obtained for 2R is similar to values reported
for related chain compounds.[31] The antiferromagnetic ex-
change interaction is in agreement with the overlap scheme of
the magnetic orbitals of each metal ion mediated by the
cyanide-ligand.[47] The t2g orbitals of FeIII, which carry the
unpaired electron, overlap with the singly occupied π-type
orbitals of MnII (i. e. dxy, dxz, and dyz) via the π-orbitals of the
bridging ligand, but are orthogonal to the magnetic σ-type
orbitals (dz2 and dx2 � y2 ) of this ion. The result is three
antiferromagnetic and two ferromagnetic exchange pathways,
leading to a weak overall antiferromagnetic behavior.

For a ferrimagnetic chain, a divergence of χMT is expected as
T is lowered, and even for a weak interaction, such as in 2R, an
increase in χMT should be observed above 2 K (see Figure 6).
The lack of χMT rise for 2R suggests that inter-chain antiferro-
magnetic interactions come into play at low temperatures. Such
inter-chain magnetic interactions can be favored by the π-π
stacking, involving pyridyl groups bonded to the metal centers,
between adjacent 1D architectures (Figure S14).

The temperature dependence of χMT for 3S shows a
continuous increase as T is lowered (Figure 6), a characteristic
for ferromagnetic interactions between the metal ions. At
300 K, χMT has a value of 4.68 cm3mol� 1K, slightly above the
4.0 cm3mol� 1K expected for one FeII (S=2, g=2.20) in PBP
environment[41] and the FeIII unit in the absence of exchange
interactions. For 2 K, χMT reaches 9.10 cm3mol� 1K. The M versus
H at 2.2 K (Figure 6, insert) shows a fast increase of M for small

fields, a behavior consistent with a growth of the exchange
correlation along the chain. For fields above 10 kOe, the
increase of M is more gradual to reach 4.4 μB for 70 kOe without
saturation. The magnetization plots at 5 and 8 K (Figure S18)
show a more gradual raise of M for weak fields, suggesting the
loss of the exchange correlation for these temperatures. The
Curie-Weiss analysis (Figure S18) gave C=4.6 cm3mol� 1K and
θ=4.0 K. The positive value for θ supports ferromagnetic
FeII� FeIII interactions. This is again rationalized by the magnetic
orbital interactions. For high-spin FeII in PBP geometry, the
singly occupied orbitals comprise two sigma- and two π-type
orbitals,[17] leading respectively to ferro- and antiferro-magnetic
exchange pathways with the FeIII unit. However, one of the
latter must be very weak because of the poor overlap between
the dxy orbital of FeII with the π-system of the cyanide ligand
linked in the apical positions, therefore the overall FeII� FeIII

exchange interaction is ferromagnetic. A related ferromagnetic
interaction was observed between PBP FeII and a CrIII

cyanometallate,[42] which involves the same magnetic orbitals as
the FeIII unit.

The χMT versus T behavior was analyzed using the model for
1D spin arrays discussed above, best fit to the experimental
data between 15 and 300 K (Figure 6) gave JFeFe=3.49�
0.01 cm� 1, gFeII ¼ 2:36, gFeIII ¼ 2:10 (fixed), TIP= (8�
2)×10� 5 cm3mol� 1.

The occurrence of slow relaxation of the magnetization in
3S, possibly induced by the easy-axis magnetic anisotropy (i. e.
D<0) exhibited by the PBP FeII centers,[17,30] was assessed by AC
susceptibility (Figure S18). Only the onset of an out-of-phase
component of the magnetic susceptibility, χM’’, was observed
below 3 K for a test frequency of 1 kHz in the absence of a static
applied magnetic field. The application of a field led to a
decrease of both χM’ and χM’’ signals. No further investigation
was performed but the appearance of a χM’’ component
suggests that 3S may behave as a SCM below 2 K. This
emergence of slow magnetization relaxation only at very low
temperatures can be paralleled by the weak exchange
interactions taking place in this compound.

3. Concluding Remarks

The results gathered validate the suitability of the chiral PBP
complexes [MnL(MeOH)Cl]Cl[36] or [FeL(MeOH)Cl]Cl[30] (with L
either LR or LS) to be used as building block to achieve chiral
spin chains by association with a trans-dicyanido metallo-
ligand. Optical dichroism confirmed the enantiomorphism of
the compounds obtained with the LR and LS macrocyclic
ligands.

The magnetic behavior for the spin chains shows that the
exchange interactions taking place between MnII or FeII and the
metallo-ligand [FeIII(bpb)(CN)2]

� are weak. Nevertheless, the
onset of SCM behavior is suggested by the AC susceptibility
obtained for the [FeII� FeIII] chain 3S, but improvement of this
behavior will require stronger exchange interactions. In this
respect, another metallo-ligand with larger spin state or
involving a 4 d or 5 d metal ion could be considered.

Figure 6. Temperature dependence of χMT for 2R and 3S with modeling (—),
and (insert) field dependence of the magnetization of 3S at 2.2 K. The
dashed lines are the calculated behaviors extrapolated to 2 K.
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Experimental
Reagents and solvents were used as received from commercial
sources unless otherwise specified. All operations involving Fe(II)
were carried out in a glovebox under an Ar atmosphere, and
reagents and solvents were deoxygenated. [MnL(MeOH)Cl]Cl,[36]

[FeL(MeOH)Cl]Cl,[30] and NBu4[Fe
III(bpb)(CN)2], 1a,

[35] complexes were
synthesized following published procedures. For the latter com-
pound some adaptations have been made, a detailed description is
given in the SI.

Preparation of 1D-[{FeIII(bpb)(CN)2}{MII(LR/S)}](PF6) Derivatives
2R, 2S, 3R, and 3S

1D-[{FeIII(bpb)(CN)2}{MnII(LR)}](PF6)·MeOH·H2O, 2R: Compound 1a
(223 mg, 0.335 mmol) was dissolved in methanol (20 mL). [MnII-
(LR)(Cl)(MeOH)](Cl) (0.335 mmol) was dissolved in a mixture of
methanol (15 mL) and dichloromethane (5 mL), NH4PF6 (55 mg,
0.335 mmol) was added and the solution stirred for a few minutes.
The two solutions were layered in a test tube with a MeOH layer
(5 mL) in between. Crystals of 2R suitable for X-Ray diffraction were
obtained after few days by slow liquid-liquid inter-diffusion of the
two reactant solutions. The crystals were washed with a minimum
of methanol and dried by nitrogen flux, yielding 138 mg (Y=39%)
of 2R.

The same procedure was applied for the syntheses of 2S, 3R, and
3S, but using the adapted PBP complex.

2R: IR (ATR germanium, cm� 1) 2919 (w), 2850 (w), 2127 (w), 1614
(m), 1589 (s), 1575 (m), 1471 (m), 1451 (w), 1361 (m), 1297 (w), 1253
(w), 1194 (w), 1140 (w), 1109 (w), 1031 (w), 959 (w), 908 (w), 841
(vs), 812 (m), 797 (m), 691 (w), 644 (w), 627 (w), 606 (w). Elemental
analysis (%) calcd. C44H53F6FeMnN11O4P (2R, 1D-[{FeIII(bpb)(CN)2}
{MnII(LR)}](PF6)·MeOH·H2O): C 50.06; H 5.06; N 14.59; found: C 50.14;
H 4.77; N 14.71.

2S: Y=21%. IR (ATR germanium, cm� 1) 2931 (w), 2863 (w), 2126
(w), 1612 (m), 1589 (s), 1587 (m), 1561 (m), 1470 (w), 1445 (m), 1355
(m), 1295 (w), 1251 (w), 1240 (w), 1192 (w), 1158 (w), 1140 (w), 1125
(w), 1107 (w), 1096 (w), 1082 (w), 1058 (w), 1045 (w), 1034 (w), 1019
(w), 991 (w), 958 (w), 928 (w), 906 (w), 875 (w), 836 (vs), 810 (m),
788 (m), 766 (m), 759 (m), 745 (m), 739 (w), 727 (w), 700 (w), 690
(w), 674 (w), 650 (w), 615 (w), 608 (w). Elemental analysis (%) calcd.
C44H53F6FeMnN11O4P (2S, 1D-[{FeIII(bpb)(CN)2}{MnII-
(LR)}](PF6)·MeOH·H2O): C 50.06; H 5.06; N 14.59; found: C 49.96; H
5.13; N 14.56.

3R: Y=55%. IR (ATR germanium, cm� 1) 2938 (w), 2867 (w), 2128
(w), 1614 (m), 1589 (s), 1575 (m), 1563 (m), 1471 (m), 1449 (m), 1360
(m), 1296 (w), 1259 (w), 1141 (m), 1122 (w), 1096 (w), 1045 (w), 1034
(w), 959 (w), 841 (vs), 809 (m), 766 (m), 691 (m). Elemental analysis
(%) calcd. C44H53F6FeMnN11O4P (3R, 1D-[{FeIII(bpb)(CN)2}{Fe

II-
(LR)}](PF6)·H2O): C 50.41; H 4.82; N 15.04; found: C 50.45; H 5.02; N
14.70.

3S: Y=62%. IR (ATR germanium, cm� 1) 2963 (w), 2938 (w), 2865
(w), 2125 (w), 1616 (m), 1590 (s), 1573 (m), 1470 (m), 1451 (m), 1358
(m), 1296 (w), 1262 (m), 1140 (m), 1097 (m), 1034 (m), 959 (w), 841
(vs), 808 (s), 763 (m), 690 (w), 652 (w), 642 (w), 608 (w). Elemental
analysis (%) calcd. C44H53F6FeMnN11O4P (3S, 1D-[{FeIII(bpb)(CN)2}
{FeII(LS)}](PF6)·H2O): C 50.41; H 4.82; N 15.04; found: C 50.55; H 4.79;
N 14.68.

1D-[{FeIII(bpb)(CN)2}{FeII(LR)}](ClO4)0.4Cl0.6·0.25MeOH·1.6H2O, 4R:
Compound 1a (12 mg, 0.018 mmol) was dissolved in methanol
(1.3 mL). [FeII(LR)(Cl)(MeOH)](Cl) (10 mg, 0.0215 mmol) and NaClO4

(2 mg; 0.09 mmol) were dissolved in a mixture of methanol (1.4 mL)
and dichloromethane (0.7 mL). The two solutions were layered in a

test tube with a MeOH layer (2 mL) in between. Crystals of 4R
suitable for X-Ray diffraction were obtained after few days by slow
liquid-liquid inter-diffusion of the two reactant solutions. The
crystals were washed with a minimum of methanol and dried with
diethyl ether, yielding 7.8 mg (Y=40%) of 4R.

IR (ATR germanium, cm� 1) 2938 (w), 2865 (w), 2128 (w), 1613 (m),
1588 (s), 1575 (m), 1562 (m), 1470 (m), 1448 (m), 1360 (m), 1296 (w),
1259 (w), 1140 (m), 1091 (vs), 1033 (w), 959 (w), 929 (w), 887 (w),
810 (m), 768 (m), 691 (m), 623 (m).
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