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Supramolecular Interaction Tuning of Spin-Crossover in Pyrene/
Fullerene (C4,) Tethered Fe''-2,6-Di(pyrazol-1-yl)pyridine
Complexes: Towards Switchable Molecular Devices

Kuppusamy Senthil Kumar,*® van Salitro3,’><! Nithin Suryadevara,'®
Eufemio Moreno-Pineda,!™ and Mario Ruben*[d!

Abstract: A set of functional SCO systems based on Fe'-2,6-
di(pyrazol-1-yl)pyridine (BPP), Fe'-BPP, featuring supramolecular
pyrene and fullerene (Cgp) anchoring groups for nanocarbon
materials are designed and synthesized. The pyrene tethered
complexes [Fe(L"),](BF,), and [Fe(L?),](BF,), comprise structur-
ally different BPP-pyrene ligand systems L' (BPP-COOR, R =
-CH,-pyrene) and L? [BPP-CH,OR, R = -OC(CH,)-pyrene]. The
[Fe(L"),](BF4), complex showed gradual and high temperature
\SCO (Ty/> = ca. 450 K), whereas the [Fe(L?),](BF,), complex re-

mained trapped in the high spin (HS) state in the 300-5 K tem-
perature range. On the other hand, the bulky fullerene (Cgo)
tethered complex, [Fe(L3),]1(BF,),, is HS at 385 K and showed
gradual but incomplete SCO, upon cooling, centered at 208 K.
The results compiled in this study indicate the dominant role
of intermolecular interactions in tuning/blocking SCO in the
studied Fe'-BPP complexes, a fact that needs to be carefully
weighed while designing functional-SCO systems.

%

Introduction

Design and synthesis of functional molecular materials are at
the forefront of materials chemistry research due to their di-
verse applicability, especially in nanotechnology and molecular
electronics/spintronics.!' Spin-crossover (SCO) based materi-
als!"® capable of undergoing cooperative hence abrupt SCO
behavior are promising candidates for the realization of molec-
ular electronics/spintronics components.>”! Designing SCO
complexes with an additional physical function such as lumi-
nescence, thus functional-SCO complex,® is of paramount im-
portance towards realizing SCO based applications. For e.g. the
luminescent moiety tethered SCO complex®'? can be modu-
lated and probed by light-photons, a faster way of signal proc-
essing at the molecular scale. On the other hand, the realization
of novel SCO active functional-hybrid materials such as graph-
ene-SCO hybrid!"'~"3] requires chemical tethering of the SCO
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core with aromatic anchoring groups such as pyrene/fullerene
(Co0)- The pyrene/fullerene (Cgy) groups enable non-covalent
anchoring of an SCO complex on the graphene surface. The
non-covalent functionalization of graphene is highly desired
because it preserves, except for the molecule induced doping,
the electronic structure of the graphene.l' Most importantly,
the graphene-SCO hybrid material is desirable for applications
due to the conducting nature of the graphene and bistable
magnetic characteristics of the SCO complexes. The conduct-
ance characteristics of the resultant graphene-SCO hybrid could
be externally and reversibly manipulated by controlling the spin
state of the anchored SCO complex. For e.g. via light-induced
excited spin state trapping (LIEEST)!'>1¢] effect. However, the
afore-described deliberate chemical tethering of a parent SCO
complex core with a functional addend leads to altered spin
state switching characteristics of the resultant functional-SCO
system relative to its parent entity. This is due to the sensitive
nature of the SCO even to the slightest of changes in structural
parameters. In this context, our group is actively involved in
the design, synthesis, and structure-property elucidation of SCO
active materials in bulk and at molecular dimensions resulting
in several important results.!'”'® For e.g. we have recently re-
ported spin-state dependent conductance switching in few-
layer graphene (FLG)-SCO junctions.!'®! To develop further in
this direction and to understand the role of chemical function-
alization in tuning the SCO characteristics, a set of Fe"-SCO com-
plexes based on the prototypical 2,6-di(pyrazol-1-yl)pyridine
(BPP) ligand system!'®-22] s rationally designed and their SCO
characteristics are probed.

The complexes feature supramolecular pyrene/fullerene (Cg)
anchoring groups!?3-29! (L'-L3, cf. Scheme 1) to enable the de-
velopment of SCO active nanocarbon hybrid materials.27-2°!

© 2018 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim
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The pyrene tethered complexes detailed in this study are suit-
able candidates to probe spin-state dependence of electronic
transport in single SCO complex junctions employing FLG elec-
trodes.l'® The short spacers associated with the pyrene-based
systems discussed in this study, relative to the previously re-
ported pyrene-BPP systems featuring comparatively longer spa-
cers,13%31 are useful models to understand the role of spacer
length in altering SCO characteristics. The spacer length varia-

Scheme 1. The pyrene (L' and L?) and fullerene (L) tethered BPP ligand
systems used to prepare functional-SCO complexes reported in this study.
The bulky substituents are shown in green, whereas the red and blue colored
parts indicate differing nature of the linkage between pyrene and BPP moie-
ties in L' and L%

R'=-CH,OH (1) or
-CH,COOH (2)

R2= -COOH (3) or
-CH,0H (4)
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tion could also enable a programmable distance scaling be-
tween the SCO core and FLG electrode altering the mechanistic
aspects of electron transport®? in FLG-SCO complex junctions.

The fullerene (Cgo) tethered ligand system (L3) is designed
in view of the advantageous electronic properties and better
anchoring abilities associated with fullerene (Cgp) in molecular
junctions.?#2° Further, the fullerene-based complex also serves
as a model system complementing our recent report detailing
transport in SCO-FLG junctions.l'® In the following sections,
structure-property relations associated with the Fe"-BPP com-
plexes featuring ligands L'-L3 are discussed.

Results and Discussion

Synthesis of the Ligands and Complexes

The syntheses of the ligands L' and L2 were carried out via N,N-
dicyclohexylcarbodiimide (DCC) coupling reactions between
the corresponding pyrene and BPP derivatives as depicted in
Scheme 2.

The target Fe'' complexes [Fe(L"),](BF,), and [Fe(L?),](BF,),
were synthesized by performing complexation reactions in
CH,Cl,/MeOH solvent mixture.

A standard Bingel reaction!®¥ between the malonyl-BPP de-
rivative 1.3 (cf. Scheme 3) and the fullerene yielded ligand L3 as
methanofullerene adduct which upon complexation with Fe'

Spacer:

-CH,00C- : L' b

-CH,COOCH,- : L

N—N N—N

OO [ specer |
QO

Spacer:

\ /"‘*
N~

g}

7
~ oY

(BFy)2

-CH,00C- : [Fe(L"),1(BF,),

-CH,COOCH,-: [Fe(L?),](BFy)2

Scheme 2. Syntheses of pyrene decorated SCO modules. Key: (a) DCC/DMAP, DCM, room temp., Ar, 24 h, yield: 47 % for L' and 57 % for L2 and (b) Fe(BF,),-6H,0,
CH,Cl,/MeOH, r.t., Ar, 4 h, yield: 52 % for [Fe(L"),](BF,), and 58 % for [Fe(L?),](BF,),.
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Scheme 3. Syntheses of fullerene decorated SCO module. Key: (a) Pyridine, DCM, room temp., Ar, 24 h, (b) DBU, toluene, Ar, 5 h, and (c) Fe(BF,),-6H,0, DCM/

THF, rt., Ar, 4 h, yield: 21 %. See experimental section for further details.

ions yielded the expected complex as a highly insoluble brown
precipitate.

Photophysical Properties of the Ligands and Complexes

Photophysical properties of the pyrene tethered ligands and
complexes were measured in 1:1 dichloromethane (DCM)/
acetonitrile (ACN) binary solvent mixture. The rationale behind
choosing such solvent system is to ensure solubility of the li-
gands and complexes in a medium of the same polarity to
make meaningful comparisons. The UV/Vis spectral features of
the pyrene substituted ligands and Fe'' complexes depicted in
Figure S1 and S2 showed the expected pyrene-based electronic
transitions in line with the previous reports.2* Upon excitation
of the pyrene-based S,<S, band located at 343 nm, the ligands
and complexes showed characteristic pyrene-based lumines-
cence centered around 373 nm (cf. Figure S1 and S2). The
UV/Vis absorbance characteristics of the fullerene substituted
ligand L2 in DCM solvent showed the expected fullerene-based
bands typical of a methanofullerene derivative (cf. Figure S3).
The probing of photophysical characteristics of the correspond-
ing complex [Fe(L3),](BF,), in solution is proved to be impossi-
ble due to the highly insoluble nature of the complex and its
susceptibility to sonication inducing complex disassociation.

Magnetic Properties of the Complexes

Variable temperature magnetic investigations of the reported
complexes are focused on the detection and characterization
of the photo- or thermally activated SCO phenomena (cf. Fig-
ure 1 and Figure 2). The complex [Fe(L'),](BF,), with a shorter
—-CH,00C- spacer separating the pyrene anchoring group and
SCO core (cf. Scheme 2) showed gradual and high-temperature
SCO (Figure 1, black circles). At 450 K, the xT value of ca.
2.41 cm3 K mol~" was obtained indicating approximately 70 %
of the complexes in the HS state. Above 450 K, the decomposi-
tion of the complex took place making it impossible to reach
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the HS state plateau prohibiting the determination of the exact
T,,» temperature. For photomagnetic experiments, the complex
[Fe(L"),](BF4), was prepared as a thin layer to ensure light pene-

] 1
35 —e— Measurement in the dark [Fe(L")21(BF4)2
—&— Photoexcitation at 10 K, 2=637 nm
30 —— LIESST curve
- 25
°
£
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o
[
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= 151 T(LIESST)=40 K
=
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0,0 T T T T
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Figure 1. (@) T vs. T plot and photomagnetic characteristics of [Fe(L"),](BF,)..

%T /em® K mol™

—A— [Fe(L2)2](BF4)2
—o— [Fe(L®)21(BF4)2

100 200 300 400
T/K

Figure 2. ¥T vs. T plots of [Fe(L?),](BF,), and [Fe(L3),]1(BF,),.
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tration upon irradiation. At 10 K, where the complex is in LS
state, the light irradiation (A = 637 nm or 532 nm, 10 mW cm™2)
caused a significant increase of magnetic signal. The red-light
photoexcitation (4 = 637 nm) was found to be more efficient
(Figure 1, blue triangles). Consecutive measurement in the dark
allowed studying variable temperature magnetic properties of
the metastable HS state (Figure 1, pink squares). The maximum
of yT vs. T product was at ca. 2.5 cm®Kmol™" which corre-
sponds to about 80 % material in HS state. The T(LIESST) value
calculated from the minimum in the dT)/dT vs. T curve is 40 K.
The relaxation of metastable HS fraction upon the increase of
temperature (LIESST curve) of the [Fe(L"),](BF,), showed a
rather non-cooperative character, as it is anticipated from the
gradual shape of thermally induced SCO curves.>

The %T vs. T plot of the [Fe(L?),](BF,), complex (Figure 2, red
triangles) showed that system is in HS state at 300 K. The yT
value of ca. 3.40 cm® mol™" K is in the expected range for HS
iron(ll) mononuclear complexes. The low temperature decrease
of the 4T product function is attributed to the zero-field split-
ting effect.

The complex [Fe(L3),1(BF,), (Figure 2, black circles) exhibits
gradual and incomplete SCO, upon cooling from 385 K (4T =
3.13 cm3 mol~" K), centered at 208 K. The values of the yT func-
tion in the LS region (< 100 K) indicate that about 50 % of
compound is frozen in the remnant HS state.

The present study is important in terms of realizing func-
tional SCO complexes, especially with supramolecular anchor-
ing groups for the noncovalent functionalization of nanocarbon
materials. The differences in the SCO characteristics between
the pyrene tethered complexes [Fe(L"),1(BF,), and [Fe(L?),](BF,),
are ascribed to electronic and steric effects originating from
variations in ligand field around Fe' and strong intermolecular
interactions operating between the grafted substituents around
the switching core, respectively. The LS nature of the
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[Fe(L"),](BF,), complex at 300 K is tentatively attributed to the
increased m-acidic nature of the ligand L' facilitating metal to
ligand (d-mt*) back-bonding interaction as detailed in the litera-
ture for Fe'-BPP complexes.2%3% In contrast, the absence of
such interaction in [Fe(L?),](BF,), complex (see Scheme 1 for
ligand structures) rendered the system HS at 300 K in accord-
ance with our previous reports.3? However, contrary to their
congeners showing complete spin state switching,*® the SCO
characteristics of [Fe(L"),](BF,), and [Fe(L?),](BF,), complexes
are totally different: the [Fe(L?),1(BF,), complex is trapped in its
HS state, whereas the [Fe(L'),](BF,), complex showed very grad-
ual SCO with T,,, situated around 450 K. A legitimate hypothe-
sis explaining this observation would be the steric hindrance-
mediated blocking of the SCO due to the pyrene group-medi-
ated m-m interactions operating around the switching centers.
The blocking would then be imposed by the tight packing of
the complexes facilitating strong intermolecular contacts espe-
cially amongst pyrene entities. These intermolecular contacts
hinder the SCO to occur or attain completion, as reported from
our group for the crystal structure of a similar but structurally
rigid pyrene tethered Fe"-BPP complex.3! Such steric con-
straints are absent in the previously studied pyrene tethered
complexes, featuring relatively longer spacers which added flex-
ibility to the system and hence the volume expansion upon
SCO is better accommodated in the lattice. The above points
clearly elucidate the nature/role of chemical substitution/spacer
in determining the intramolecular electronic and intermolecular
steric interactions in modulating SCO characteristics which are
going hand in hand in determining spin-state switching charac-
teristics. A similar blocked SCO characteristic, i.e., incomplete
HS to LS conversion, observed in [Fe(L3),]1(BF,), complex, featur-
ing a bulky fullerene (Cgo) anchoring group through a short
spacer, further implies the role of intermolecular steric interac-
tions in blocking SCO.

ﬂ\ﬂ

N-—N N"-N
N—Fe—
N-N NfN (BF4);
\ /
Ty =259 K AN
m 0 (Chem. Commun. 2001, 577-578) m m
N—N N—N N—N N—N
‘ OR FV—
—Fe——N ROOC / \N—F;e—N COOR
\ / . N/
N"—N N"N (BF4)2 N—N N—N (BF4)2
\Wi
\ / XN ¥

= -CO(CHp);-Pyrene, T;, =213 K
(Da.’ton Trans. 2017, 46, 9765-9768)

-COCH;-Pyrene, High spin (HS)
(Present study)

R = -(CHy)4-Pyrene, T;5 =353 K
(Dalton Trans. 2017, 46, 9765-9768)

-CH,-Pyrene, T4, = ca. 450 K
(Present study)

Scheme 4. Comparison between the SCO characteristics of the parent complex (green) with the pyrene decorated complexes. The complexes featuring
—-CH,OR and -COOR functional addends are depicted in blue and red colors, respectively.
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To get further insights into the role of spacer groups and
pyrene anchoring groups, the SCO characteristics of the pyrene
tethered complexes discussed in this and previous study®? are
compared with the parent complex, [Fe(BPP),]1(BF,),, reported
by Halcrow and co-workers.[' The parent complex showed ab-
rupt first order SCO with a T;,, = 259 K and a ca. 3 K thermal
hysteresis loop. Interestingly, the pyrene tethered complexes
featuring a —-CH,OR type spacer between the BPP core and pyr-
ene anchoring group showed either SCO around 213 K or
trapped in the HS state (cf. Scheme 4, blue color-coded com-
plexes).

On the contrary, the Fe-BPP complexes featuring a —-COOR
type spacer between the BPP core and pyrene anchoring group
showed above room temp. SCO as detailed in Scheme 4, red
color-coded complexes. Overall, the SCO became more gradual
in the substituted complexes relative to the parent complex.
This indicates the role of pyrene groups in blocking cooperative
interactions between the switching Fe-BPP core via intermolec-
ular interactions. A clear proof for this conclusion is the more
gradual and blocked SCO characteristics observed for the Fe'
complexes featuring relatively short spacers reported in this
study.

Conclusions

A set of functional SCO complexes based on the Fe'-BPP core
are designed, synthesized, and their magnetic properties are
investigated to elucidate the role of chemical functionalization
mediated tuning of SCO characteristics. The short nature of
spacers between Fe'-BPP core and pyrene groups in the
[Fe(L"),](BF,), and [Fe(L?),](BF.), complexes proved to be a hin-
drance to spin-state switching, a facet also observed in a com-
plex featuring bulky fullerene group. This study underscores the
delicate adjustment of intermolecular interactions required for
the elaboration of such spin-state switching complexes. More-
over, the insoluble nature of the fullerene-based complexes
proved to be a difficulty towards processing it in terms of appli-
cations. This indicates that the emphasis should be more on the
judicious choice of spacer/solubilizing groups to confer solution
processability. Further, the pyrene and fullerene anchoring
groups tethered far away from the switching Fe'-BPP core ex-
erted no electronic effect over the ligand field parameters of
the BPP ligand skeleton. Only steric effects are observed which
proved to be a bottle neck in realizing SCO. Despite these short-
comings, the SCO complexes detailed in this study could be a
useful stepping stone to develop molecular materials and devi-
ces with novel functions. For example, in view of the reports
detailing self-assembly of pristine fullerene®”! and its deriva-
tives®839! |eading to the observation of exotic nanostructured
materials, SCO nanostructures could be obtained by synthesiz-
ing a judiciously designed fullerene-SCO system.

Experimental Section

Materials and Methods: Anhydrous solvents and Fe(BF,),:6H,0
were purchased from commercial sources and used as received.
Glassware was dried in a vacuum oven at 150 °C prior to the experi-
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ments. All the reactions were performed under argon (Ar) atmos-
phere unless otherwise noted. UV/Vis absorption spectral measure-
ments were performed with a Varian Cary 5000 double-beam UV/
Vis-NIR spectrometer. Solution and solid phase PL measurements
were performed on a Photon Technology International (PTI) spec-
trometer at ambient temperature. All herein reported magnetic
measurements were performed on an MPMS-XL7 or MPMS-XL5
SQUID magnetometer (Quantum Design). For standard magnetic
measurement in the dark, the temperature dependent magnetiza-
tion was recorded at an applied magnetic field (Bpc) of 0.1 T. The
temperature sweeping rate was 1 K min~" for the cooling and heat-
ing scans. Gelatin capsule (standard measurements in the dark) was
used as sample holders in the temperature range 5 <> 400 K. The
very small diamagnetic contribution of the gelatin capsule had a
negligible contribution to the overall magnetization which was
dominated by the sample. In the case of high-temperature mag-
netic measurement (300-450 K), the experiment was carried out
using a special heating setup. High-temperature sample holder con-
sisted of Quartz glass tube and Teflon filler. The diamagnetic correc-
tions of the molar magnetic susceptibilities were applied using Pas-
cal's constants. The photomagnetic measurements were performed
using a diode-pumped solid-state lasers (DPSS) Kvant (A = 637 nm
or 532 nm, 300 mW) coupled through an optical fiber to the cavity
of an MPMS SQUID and the power on the sample surface was ad-
justed to 10 mW cm™2. For the photomagnetic experiments, a small
amount of sample was introduced onto transparent tape and
mounted into the sample holder. The exact weight of samples (ca
0.1 mg) was obtained by weighing and verified by comparison of
thermal x,,T vs. T curve with that of a more accurately weighed
sample of the same compound. After the cooling to 10 K, the sam-
ple, now in the low spin state was irradiated and the change in
magnetization was followed. When the saturation point had been
reached (after ca. 300 min), the light was switched off, the tempera-
ture was increased at a rate of 0.3 Kmin~!, and the magnetization
was measured at 1 K intervals. T(LIESST) value was determined from
the minimum of the dyT)/dT vs. T curve for the relaxation process.

Synthesis of the Ligands and Complexes

Synthesis of 2,6-Di-pyrazol-1-yl-isonicotinic Acid Pyren-1-yl-
methylester (L"): An oven dried 25 mL Schlenk flask with a stir bar
was charged with 4-pyrenemethanol 1 (0.232 g, 1 mmol) and 2,6-
di(1H-pyrazol-1-yl)isonicotinic acid 3 (0.255 g, 1 mmol) and the sol-
ids placed under Argon atmosphere. To this, anhydrous CH,Cl,
(20 mL) was added and the mixture cooled to 0 °C in an Ice-Water
bath. DCC (0.206 g, 1 mmol) and DMAP (0.122 g, T mmol) were then
added to the stirring mixture slowly as solids and slowly allowed to
attain r.t. and stirred for 24 h. The reaction mixture was filtered, and
the filtrate was washed with water twice and the organic layer was
dried with standing on Na,SO,. Purification was accomplished by
silica gel column chromatography using 9:1 CH,Cl,/CH;OH as an
eluent. L' was obtained as a half-white powder. Yield: 0.220 g
(47 %). "H NMR (300 MHz, CDCl;, 300 K, TMS): & = 8.503-8.494 (d,
2 H), 8.403-8.395 (m, 3 H), 8.225-7.988 (m, 8 H), 7.739 (s, 2 H), 6.48-
6.466 (t, 2 H), 6.166 (s, 2 H) ppm. *C NMR (75 MHz, CDCl3, 300 K,
TMS): 66.284, 108.337, 109.224, 122.56, 124.641, 124.874, 125.532,
125.609, 126.074, 127.136, 127.314, 127.859, 127.976, 128.063,
128.514, 129.696, 130.645, 131.150, 131.990, 142.753, 143.171,
150.709, 164.061. ESI-MS (CH,Cl,/CH3OH): m/z = 492.1403 [M +
Na]*. Cy9H;9N50,:0.45-CH50H (501.05): calcd. C 73.1, H 4.33, N 14.47;
found C 73.08, H 4.06, N 14.32.

Synthesis of [Fe(L"),]1(BF,),: L' (0.094 g, 0.2 mmol) was added to
20 mL of dry DCM under Ar and stirred until complete solubilization
of ligand occurred. To this Fe(BF,),*6H,0 (0.03375 g, 0.1 mmol) in
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1 mL of MeOH was added. The deep red solution was stirred at
room temp. for 4 h. Solvents were evaporated under reduced pres-
sure and the dark red solid was dissolved in minimum amount of
acetonitrile and kept for crystallization by slowly diffusing Et,0. An-
alytically pure title complex was obtained as microcrystalline solid
after 1-2 weeks' time. Yield: 62 mg (52 %). ESI-MS (CH3CN):
m/z = 497.1218 [Fe(L"),]2*. CsgH3gN;004FeB,FgH,0 (1186.05): calcd.
C 58.71, H 3.4, N 11.81; found C 58.65, H 3.62, N 12. IR (KBr): ¥ =
3438, 3040, 1734, 1630, 1575, 1527, 1499, 1474, 1462, 1408, 1249,
1052, 971, 841, 763, 598, 520 and 418 cm™",

Synthesis of Pyren-1-yl-acetic Acid 2,6-Di-pyrazol-1-yl-pyridin-
4-ylmethylester (L2): An oven dried 25 mL Schlenk flask with a stir
bar was charged with 4-pyrene acetic acid 2 (0.26 g, 1T mmol) and
[2,6-di(1H-pyrazol-1-yl)pyridin-4-yllmethanol 4 (0.241 g, 1T mmol)
and the solids placed under Argon atmosphere. To this, anhydrous
CH,Cl, (20 mL) was added and the mixture cooled to 0 °C in an
Ice-Water bath. DCC (0.206 g, 1 mmol) and DMAP (0.122 g, T mmol)
were then added to the stirring mixture slowly as solids and slowly
allowed to attain r.t. and stirred for 24 h. The reaction mixture was
filtered, and the filtrate was washed with water twice and the or-
ganic layer was dried with standing on Na,SO,. Purification was
accomplished by silica gel column chromatography using CH,Cl, as
an eluent and the product was recrystallized from hexane to yield
L2 as white powder in analytically pure form. Yield: 0.278 g (57 %).
"H NMR (300 MHz, CDCl3, 300 K, TMS): & = 8.5 (d, 2 H), 8.3 (d, 2 H),
818 (m,8H),7.7(s,2H),7.6(s,2H),64(s, 2H),52(s, 2H), 44 (s,
2 H) ppm. 3C NMR (75 MHz, CDCl;, 300 K, TMS): 66.284, 108.337,
109.224, 122.56, 124.641, 124.874, 125.532, 125.609, 126.074,
127.136, 127.314, 127.859, 127.976, 128.063, 128.514, 129.696,
130.645, 131.150, 131.990, 142.753, 143.171, 150.709, 164.061. ESI-
MS (CH,Cl,/CH;OH): m/z = 484.18 [M + HI*. C3oH»NsO, (483.53):
calcd. C 74.52, H 4.38, N 14.48; found C 74.23, H 4.72, N 14.34.

Synthesis of [Fe(L?),](BF,4),: L2 (0.097 g, 0.2 mmol) was added to
20 mL of dry DCM under Ar and stirred until complete solubilization
of ligand occurred. To this Fe(BF4),*6H,0 (0.034 g, 0.1 mmol) in 1 mL
of MeOH was added. The yellow solution was stirred at room temp.
for 4 h. Solvents were evaporated under reduced pressure and the
solid was dissolved in minimum amount of acetonitrile and kept
for crystallization by slowly diffusing Et,O. Analytically pure title
complex was obtained as microcrystalline solid after 1-2 weeks'
time. Yield: 69 mg (58 %). ESI-MS (CH5CN): m/z = 511.44 [Fe(L?),]*".
CeoHaoBoFgFeN;00, (1196.51): calcd. C 60.23, H 3.54, N 11.71; found
C59.99, H 3.73, N 11.75. IR (KBr): ¥ = 3453, 3120, 1736, 1634, 1581,
1527, 1464, 1407, 1337, 1276, 1211, 1055, 971, 851, 770, 711, 601,
519 and 424 cm™.

Synthesis of 4-[2,6-Di(1H-pyrazol-1-yl)pyridin-4-yllbenzyl Ethyl-
malonate (1.3): To an ice cold solution of 106 mg (0.33 mmol) of
{4-[2,6-di(1H-pyrazol-1-yl)pyridin-4-yllphenyl}methanol in dry di-
chloromethane, 50 pL (0.33 mmol) of ethyl 3-chloro-3-oxopropano-
ate was added along with two equivalents of pyridine 52 pL
(0.66 mmol) under Argon atmosphere and stirred overnight. The
solvent was evaporated and the crude mixture was packed on a
silica gel column and eluted with 7:3 ethyl acetate/hexane mixture
to yield the title compound as a waxy solid. Yield: 61.5 mg. "H NMR
(500 MHz, CDCl5, 300 K, TMS): 6 = 8.575-8.570 (d, J = 2.5 Hz, 2 H,
pyrazole), 8.069 (s, 2 H, Pyridine), 7.796-7.779 (d, J = 8.5 Hz, 2 H,
phenyl), 7.761-7.758 (d, J = 1.5 Hz, 2 H, pyrazole), 7.479-7.462 (d,
J = 8.5 Hz, 2 H, phenyl), 6.491-6.482 (q, 2 H, pyrazole), 5.239 (s, 2
H, COO-CH,), 4.226-4.184 (q, 2 H, COO-CH,), 3452 (s, 2 H,
COCH,CO0), 1.271-1.242 (t, 3 H, CH5). ESI-TOF MS (Da): m/z (rel. inten-
sity, assigned structure) 432.1633 (100 %, Cy3H,,NsO,4 + H*, Calc.
432.1666).
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Synthesis of C4o-BPP Ligand (L3): DBU (28.8 uL) was added under
Argon at room temp. to a stirred solution of Cgo (71 mg, 0.1 mmol),
4-[2,6-di(1H-pyrazol-1-yl)pyridin-4-yllbenzyl ethyl malonate
(43.12 mg, 0.1 mmol) and lodine (23.58 mg, 0.1 mmol) in toluene
(75 mL). The resulting solution was stirred under Argon at room
temp. for 5 h. The solvent was evaporated, and the crude mixture
was packed on a silica gel column and eluted with 10 % CS, in
hexane to remove the unreacted fullerene. Further elution with di-
chloromethane and 5 % MeOH in dichloromethane yielded the Cgo-
BPP Ligand (L3) as dark brown solid. Yield: 60 mg (52 %). "H NMR
(500 MHz, CDCl5, 300 K, TMS): 6 = 8.628-8.623 (d, J = 2.5 Hz, 2 H,
pyrazole), 8.125 (s, 2 H, Pyridine), 7.875-7.858 (d, J = 8.5 Hz, 2 H,
phenyl), 7.801-7.799 (d, J = 1 Hz, 2 H, pyrazole), 7.671-7.655 (d, J =
8 Hz, 2 H, phenyl), 6.54-6.532 (q, 2 H, pyrazole), 5.601 (s, 2 H, COO-
CH,), 4.553-4.51 (q, 2 H, COO-CH,), 1.427-1.339 (t, 3 H, CHs). ESI-TOF
MS (Da): m/z (rel. intensity, assigned structure) 1150.1224 (100 %,
CgsHioNsO, + H*, Calc. 1150.1510).

Synthesis of [Fe(L3),]1(BF,),: To a 0.05 mmol (57.45 mg) of C4,-BPP
ligand (L3®) in 50 mL of dry and degassed DCM, 0.025 mmol
(8.437 mq) of Fe(BF,4),:6H,0 in 1 mL of dry THF was added under Ar
protection leading to immediate precipitate formation, the reaction
mixture was stirred for 4 h. The precipitate was washed with cold
THF and DCM, note the ligand is highly soluble in DCM and THF
solvents. Yield: 0.013 g (21%). C;eeH3gB2FgFeN;qOg-:CH,Cl,
(2614.06): calcd. C 76.72, H 1.54, N 5.36; found C 76.51, H 1.80, N
5.21.
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