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Experimental Section

General Considerations. The manipulations described below were performed under a dinitrogen
atmosphere in a Vacuum Atmospheres Nexus Il glovebox unless otherwise noted. Glassware was oven-
dried at 150 °C for at least 4 h and allowed to cool in an evacuated antechamber prior to use in the
glovebox. Acetonitrile (MeCN), diethyl ether (Et,0), hexanes, tetrahydrofuran (THF), and toluene were
dried using a commercial solvent purification system from Pure Process Technology and stored over 3 or
4 A molecular sieves prior to use. Deuterated solvents were purchased from Cambridge Isotope Labs,
deoxygenated by three successive freeze-pump-thaw cycles, and stored over 3 or 4 A molecular sieves
prior to use. The reagent o-toluidine was deoxygenated by three successive freeze-pump-thaw cycles and
stored over 4 A molecular sieves prior to use. Diethyl ether, hexanes, tetrahydrofuran and toluene were
typically tested with a standard purple solution of sodium benzophenone ketyl in THF in order to confirm
effective oxygen and moisture removal. The compounds Ag(BAr",) (BAr", = tetrakis[3,5-
bis(trifluoromethyl)phenyl]borate), [M(MeCN)g](BAr",), (M = Mn, Fe, Co)," tris(2-pyridylmethyl)amine
(TPyA),?2 lithium  bis(trimethylsilyl)amide  (Li[N(SiMe,),]),> TI(BAr7,),* and ferrocenium
tetraphenylborate ([Cp,Fe](BPh4))® were prepared as previously reported. All other reagents were
purchased from commercial vendors and used without further purification.

[(Cp)Fe(CsMeg)]PFe. This compound was prepared according to a modified literature
procedure.® Hexamethylbenzene (1.09 g, 6.73 mmol) was added to freshly ground Al metal (0.0830 g,
3.10 mmol), AICI; (1.80 g, 13.5 mmol), and ferrocene (1.25 g, 6.73 mmol) in 20 mL methylcyclohexane,
and the resulting mixture was heated at reflux for 12 h. The resulting dark mixture was then carefully
guenched with H,O (50 mL), and the orange organic layer was removed. The remaining aqueous green
solution was washed with petroleum ether (3 x 10 mL). To the aqueous solution was then added
(NH,)PFg (1.30 g, 8.10 mmol) in H,O (10 mL), and the resulting suspension was filtered to give a dark
yellow powder. This powder was washed with an excess of H,O (30 mL), dissolved in acetone (15 mL),
and then was precipitated with Et,O (50 mL). The solid was collected on a nylon membrane filter (0.22
um) and washed with successive aliquots of Et,O (3 x 5 mL) to afford the product as a bright yellow solid
(0.577 g, 20%). *H NMR (CD3CN): 4.52 (s, 5H), 2.45 (s, 18H).

(Cp)Fe(CsMeg). This compound was prepared according to a modified literature procedure.” The
compound [(Cp)Fe(CsMeg)]PFs (1.00 g, 2.34 mmol) was dissolved in THF (15 mL), and the resulting
yellow solution was added to finely-ground NaHg amalgam (4% Na wt/wt, 6 g) to afford a dark green
solution. After stirring for 6 h, the solution was dried under reduced pressure. The ensuing dark green
residue was dissolved in hexanes (15 mL), and the solution was filtered through diatomaceous earth. The
filtrate was then dried under reduced pressure to give the product as a green solid (0.588 g, 89%). *H
NMR (C¢Ds): —=7.07 (s, 18H), —40.31 (s, 5H).

[Cr(MeCN)g](BAr",),. This compound was prepared according to a modified literature
procedure.** A solution of CrCl, (63.3 mg, 0.293 mmol) in MeCN (6 mL) was added to a solution of
TI(BAr",) (626 mg, 0.586 mmol) in MeCN (10 mL). The resulting light green suspension was stirred at
ambient temperature for 5 h and then filtered through diatomaceous earth to remove a white insoluble
solid. The pale green filtrate was concentrated under reduced pressure to ca. 1 mL and stored at —35 °C
for 12 h to give blue needle-shaped crystals. The crystals were collected by filtration and washed with
cold (-45 °C) MeCN to give 145 mg (54%) of product. FT-IR (ATR, cm™): 2327 (w), 2299 (w), 1611
(m), 1358 (s), 1285 (s), 1181 (m, sh), 1128 (b, s), 889 (m), 838 (m), 711, (m), 683 (m), 671 (m).
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N, N N”, N'' -tetra(2-methylphenyl)-2,5-diamino-1,4-diiminobenzoquinone ("“""LH,).
This compound was prepared according to a modified literature procedure.® A Pd catalyst was prepared
by combining 1,3-bis(2,6-diisopropylphenyl)imidazolium choride (0.128 g, 0.300 mmol), NaOtBu
(0.0450 g, 0.468 mmol), Pd(OAc), (0.0375 g, 0.165 mmol), and toluene (5 mL) in a 20 mL vial, resulting
in an orange mixture. The mixture was stirred at 80 °C for 10 minutes, and then it was added to a 500 mL
reaction flask containing 1,2,4,5-tetrabromobenzene (2.22 g, 5.64 mmol) suspended in toluene (100 mL).
The reagents o-toluidine (3.11 g, 29.0 mmol) and NaO'Bu (2.65 g, 27.6 mmol) were then added to the
flask, and the resulting light orange mixture was stirred at 110 °C for 12 h to give a dark mixture. After
being allowed to cool to 40 °C, toluene was removed from the reaction mixture under reduced pressure,
and the ensuing dark solid was washed with hexanes (150 mL) until the rinses were colorless. The solid
was further washed with MeOH (50 mL), and the residue was extracted into CH,Cl, (100 mL). The
resulting dark blue filtrate was dried under reduced pressure and then dissolved in CHCI; (200 mL).
Dioxygen gas was bubbled into this solution for 18 h, resulting in a dark orange solution. Removal of
solvent under reduced pressure gave ““**"LH, as a bright orange powder (2.15 g, 79%). ‘H NMR
(CDCly): 8.22 (s, 2H), 7.10-7.22 (br m, 8H), 6.92-7.04 (br m, 8H), 5.94 (s, 2H), 2.21 (s, 12H). IR (ATR,
cm™'): v(N-H) 3282.

Crystallization of [(TPyA),Cr,("M*"L?)](BPh),-4MeCN (1). Solid [Cp,Fe](BPh.) (16.5 mg,
0.0327 mmol) in MeCN (5 mL) was added dropwise with stirring to a solution of 5 (69.0 mg, 0.0311
mmol) in MeCN (3 mL). The resulting dark brown solution was stirred at ambient temperature for 1 h.
Vapor diffusion of Et,O (20 mL) into this solution yielded a mixture a compounds that included 1 as
brown plate-shaped crystals suitable for single-crystal X-ray diffraction. This compound could not be
isolated in pure bulk form (see Results and Discussion).

[(TPYA),Mn,("V""L*)](BArF,), (2). TPYA (0.0283 g, 0.0975 mmol) was dissolved in THF (3
mL), and this solution was added dropwise with stirring to a solution of [Mn(MeCN)s](BAr",), (0.197 g,
0.0972 mmol) in THF (3 mL). The resulting golden solution was stirred for 5 min at ambient temperature
and then was treated with solid "W*™LLH, (0.0241 g, 0.0485 mmol). To this mixture was added dropwise
with stirring a solution of Li[N(SiMej3),] (0.0185 g, 0.110 mmol) in THF (5 mL), resulting in a dark
brown solution. After stirring at ambient temperature for 12 h, the brown solution was filtered through
diatomaceous earth, and careful layering of hexanes onto the filtrate afforded 2-0.4THF as dark yellow
needle-shaped crystals suitable for single-crystal X-ray diffraction. Subsequent washing of the crystals
with cold (~78 °C) EtOH followed by hexanes removed co-precipitated Li(BAr",). The remaining crystals
were dried under reduced pressure at ambient temperature for 12 h in order to remove the solvent
molecules, vyielding 2 (0.0975 g, 69%) as a dark yellow crystalline solid. Anal. Calcd. for
CisaHooF4sMn,N1B,: C, 55.3; H, 3.12; N, 5.77%. Found: C, 54.7; H, 3.19; N, 5.39%. Absorption
spectrum (THF): Amax = 428 nm.

[(TPYA)Fe,("W""L*)](BArT,), (3). TPyA (0.0523 g, 0.180 mmol) was dissolved in THF (3
mL), and this solution was added dropwise to a solution of [Fe(MeCN)e](BAr",), (0.366 g, 0.180 mmol)
in THF (3 mL). The resulting light red solution was stirred for 5 min at ambient temperature and then was
treated with solid "**"LH, (0.0447 g, 0.090 mmol). To this mixture was added dropwise with stirring a
solution of Li[N(SiMe3),] (0.0320 g, 0.191 mmol) in THF (5 mL), resulting in a dark brown solution.
After stirring at ambient temperature for 12 h, the brown solution was filtered through diatomaceous
earth, and careful layering of hexanes onto the filtrate afforded 3-2.5THF as dark brown needle-shaped
crystals suitable for single-crystal X-ray diffraction. Subsequent washing of the crystals with cold<78
°C) ethanol followed by hexanes enabled removal of co-precipitated Li(BAr",). The obtained crystals

S3



were dried under reduced pressure at ambient temperature for 12 h in order to remove the solvent
molecules, yielding 3 (0.130 g, 50%) as a dark brown crystalline solid. Anal. Calcd. for
CiasHooFasFesN1oB,: C, 55.2; H, 3.11; N, 5.77%. Found: C, 54.0; H, 3.27; N, 5.47%. Absorption spectrum
(THF): Amax = 435 nm.

[(TPYA),Co,("*"LZ)(BAr,), (4). TPyA (0.052 g, 0.18 mmol) was dissolved in THF (5 mL),
and this solution was added dropwise to a solution of [Co(MeCN)g](BAr",), (0.36 g, 0.18 mmol) in THF
(3 mL). The resulting golden solution was stirred for 5 min at ambient temperature and then was treated
with solid "*"LH, (0.044 g, 0.089 mmol). To this mixture was added dropwise with stirring a solution of
Li[N(SiMe3),] (0.035 g, 0.21 mmol) in THF (5 mL), resulting in a dark brown solution. After stirring at
ambient temperature for 12 h, the solution was filtered through diatomaceous earth, and careful layering
of hexanes onto the filtrate gave 4-2.5THF as dark yellow, needle-shaped crystals suitable for single-
crystal X-ray diffraction. The obtained crystals were dried under reduced pressure at ambient temperature
for 2 h in order to remove the solvent molecules, yielding 4 (0.18 g, 70%) as a dark yellow crystalline
solid. Anal. Calcd. for Cy34HgoF43C0,N1,B, C 55.1, H 3.11, N 5.76 %. Found: C, 55.2; H, 3.23; N, 5.66 %.

Absorption spectrum (THF): Ayax = 450 nm.

[(TPYA),Cr,("W**"L*")](BPh);-1.4MeCN (5). TPyA (0.0720 g, 0.248 mmol) was dissolved in
THF (5 mL), and this solution was added dropwise to a solution of [Cr(MeCN)g](BAr"4), (0.503 g, 0.248
mmol) in THF (3 mL). The resulting brown solution was stirred for 5 min at ambient temperature and
then was treated with solid ""**"LH, (0.0616 g, 0.124 mmol). To this mixture was added dropwise with
stirring a solution of Li[N(SiMes),] (0.0430 g, 0.257 mmol) in THF (5 mL), resulting in a dark purple
solution. After stirring at ambient temperature for 4 h, the solution was filtered through diatomaceous
earth, and the resulting filtrate was dried under reduced pressure. The resulting residue was washed with
hexanes (3 x 5 mL) and dried under reduced pressure for 12 h. Cold MeOH (10 mL) was then added at
—78 °C and this solution was treated with a solution of Na(BPh,) (0.152 g, 0.444 mmol) in MeOH (5 mL)
at —78 °C, resulting in an immediate precipitate. The solid was collected on a nylon filter (0.22 um) and
then washed with successive aliquots of MeOH (3 x 5 mL) and diethyl ether (3 x 5 mL), giving a gray
filtrate and bright purple powder. Slow vapor diffusion of diethyl ether into an acetonitrile solution of the
powder at ambient temperature gave 5-2.9MeCN as long, purple plates suitable for single-crystal X-ray
diffraction. The obtained crystals were dried under reduced pressure at ambient temperature for 2 h in
order to remove the solvent molecules, yielding 5 (0.0734 g, 27%) as a dark yellow crystalline solid.
Anal. Calcd. for Ci448H1302CrN134B3: C, 79.2; H, 5.98; N, 8.55%. Found: C, 79.0; H, 6.14; N, 8.31%.
Absorption spectrum (MeCN): Anax = 558 nm.

[(TPYA),Mn,("VPL3)(BArF,)-1.04[(Cp)Fe(CsMeg)](BArT,)-0.37THF (6). (Cp)Fe(CsMeg)
(0.0165 g, 0.0583 mmol) was dissolved in THF (1 mL). A portion of this solution (0.5 mL) was added
dropwise at —78 °C to a stirring solution of 2 (0.0835 g, 0.0286 mmol) in THF (2 mL), resulting in a red-
brown solution. After stirring for 20 minutes, this solution was treated with cold-{8 °C) hexanes (20
mL), resulting in the precipitation of a dark red-brown microcrystalline solid. The solid was collected on a
nylon membrane filter (0.22 um), washed with successive aliquots of cold hexanes (3 x 2 mL) and
pentane (3 x 2 mL), and allowed to dry on the filter to yield 6 (0.0710 g, 76%). Anal. Calcd. for
Cis43H117.3N12B2 04F 48 0MNyFe; 04004 C, 56.8; H, 3.62; N, 5.15 %. Found: C, 56.7; H, 3.69; N, 5.18 %.
Absorption spectrum (THF): Apax= 567 nm.

[(TPYA)Fe,("W*™"L3™")](BArT,)-1.06[(Cp)Fe(CsMeg)](BAr ) -1.6THF (7).  (Cp)Fe(CsMey)
(0.0215 g, 0.0759 mmol) was dissolved in 1 mL THF. A portion of this solution (0.5 mL) was added
dropwise at —78 °C to a stirring solution of 3 (0.1068 g, 0.0367 mmol) in THF (2 mL), resulting in a red
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solution. After stirring for 20 minutes, this solution was treated with coted/§ °C) hexanes (20 mL),
resulting in the precipitation of a dark red microcrystalline solid. The solid was collected on a nylon
membrane filter (0.22 um), washed with successive aliquots of cold hexanes (3 x 2 mL) and pentane (3 x
2 mL), and allowed to dry on the filter to yield 5 (0.0528 g, 43%). Anal. Calcd. for
C1603H127.9N12B2.06F10.4F€306016: C, 57.0; H, 3.81; N, 4.97 %. Found: C, 56.8; H, 4.17; N, 5.14 %.

Absorption spectrum (THF): Apyax= 560 nm.

[(TPYA)Fe,("V""L*™)](BAr",)-1.35[(CsMes),Co](BArTs) (7) ( CsMes),Co (0.0155 g, 0.0471
mmol) was added as a solid at—78 °C to a stirring solution of 3 (0.128 g, 0.0439 mmol) in THF (3 mL),
resulting in a red solution. After stirring for 20 minutes, this solution was treated with coef@ ( °C)
hexanes (20 mL), resulting in the precipitation of a dark red microcrystalline solid. The solid was
collected on a nylon membrane filter (0.22 um), washed with successive aliquots of cold hexanes (3 x 2
mL) and pentane (3 x 2 mL), and allowed to dry on the filter to yield 7’ (0.0830 g, 52%). Anal. Calcd. for
Ci72.2H134 7N12B2 35Fs6 4F€,C01 350 C, 56.5; H, 3.71; N, 4.59%. Found: C, 56.4; H, 3.96; N, 4.76%.

Absorption spectrum (THF): Apax= 564 nm.
[(TPYA),Co,("MF"3)](BArT,)-0.94[(Cp)Fe(CsMeg)(BArF,)-1.2THF (8).  (Cp)Fe(CsMes)
(0.0228 g, 0.0805 mmol) was dissolved in 1 mL THF. A portion of this solution (0.5 mL) was added
dropwise at —78 °C to a stirring solution of 4 (0.110 g, 0.0375 mmol) in THF (2 mL), resulting in a dark
purple solution. After stirring for 20 minutes, this solution was treated with cold-{8 °C) hexanes (20
mL), resulting in the precipitation of a dark purple microcrystalline solid. The solid was collected on a
nylon membrane filter (0.22 pm), washed with successive aliquots of cold hexanes (3 x 2 mL) and
pentane (3 x 2 mL), and allowed to dry on the filter to yield 8 (0.0442 ¢, 36%). Anal. Calcd. for
Cis43H117.3N12B2 04F s oMNyFe; o4 C, 56.8; H, 3.62; N, 5.15 %. Found: C, 56.7; H, 3.69; N, 5.18 %.

Absorption spectrum (THF): Apax= 590 nm.

X-ray Structure Determination. Single crystals of 1, 2-0.4THF, 3-2.5THF, 4-2.5THF, and
5.2.9MeCN were coated with deoxygenated Paratone-N oil, mounted on a MicroMounts™ rod, and
frozen under a stream of N, during data collection. Crystallographic data were collected at 100 K using a
Bruker Kappa Apex Il diffractometer equipped with an APEX-II detector, a CuKo 1 puS microfocus
source, and MX Optics. Raw data were integrated and corrected for Lorentz and polarization effects with
SAINT v8.27B.° Absorption corrections were applied using SADABS. Space group assignments were
determined by examination of systematic absences, E-statistics, and successive refinement of the
structure. Structures were solved using direct methods in SHELXT and further refined with SHELXL-
2014 operated with the OLEX2 interface."* All hydrogen atoms were placed at calculated positions
using suitable riding models and refined using isotropic displacement parameters derived from their
parent atoms. Thermal parameters were refined anisotropically for all non-hydrogen atoms.
Crystallographic data for these compounds at 100 K are given in Table 1. Significant disorder of the o-
tolyl groups on the bridging ligand was modeled with partial occupancies; however, some disorder that
did not improve the final refinement of the solution was placed at one position with a full occupancy. At
100 K, all solvent molecules in 1, 2:0.4THF, and 4-2.5THF, one THF molecule in 3-2.5THF, and 4.6
MeCN molecules in 5 were severely disordered and could not be modeled properly. These species were
therefore treated as a diffuse contribution to the overall scattering without specific atom positions using
the solvent masking procedure implemented in OLEX2. These molecules were included in the final
molecular formula.

Magnetic Measurements. All samples were prepared and manipulated with the rigorous
exclusion of dioxygen under a dinitrogen atmosphere. Magnetic measurements of 2-8 were performed on
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polycrystalline samples sealed in a 2 mL polyethylene bag. All data were collected using a Quantum
Desigh MPMS-XL SQUID magnetometer from 1.8 to 300 K at applied dc fields ranging from 0 to +7 T.
Dc susceptibility data were corrected for diamagnetic contributions from the sample holder and for the
core diamagnetism of each sample (estimated using Pascal’s constants'?). M vs H curves, constructed
from data collected from 0 to 3 T at 100 K, confirmed the absence of significant ferromagnetic impurities
in all samples. Experimental errors for magnetic exchange coupling in compounds 5-8 were determined
by averaging simulations of two independently prepared samples.

Massbauer Measurements. Zero-field iron-57 Mdssbauer spectra were obtained at 80 K with a
constant acceleration spectrometer and a cobalt-57 rhodium source. Prior to measurements, the
spectrometer was calibrated at 295 K with a-iron foil. Samples were prepared in a dinitrogen-filled
glovebox with crystals of 3 and 7’ that were inserted into the cryostat prior to the measurement. The
samples contained approximately 80 mg/cm? of compound. All spectra were analyzed using the WMOSS
Mdssbauer Spectral Analysis Software (www.wmoss.org). Fits to a minor doublet in the spectrum of 3 at
80 K gave an isomer shift of 0 = 0.08(1) mm/s and a quadrupole splitting of AEq = 0.73(3) mm/s,
consistent with a small amount of high-spin Fe''-containing impurity in the sample.

Other Physical Measurements. Elemental analyses of all compounds were performed by
Midwest Microlab (Indianapolis, IN). Infrared spectra were recorded on a Bruker Alpha FTIR
spectrometer equipped with an attenuated total reflectance accessory. '"H NMR spectra were collected at
500 MHz on a Varian Inova 500 system at 298 K. UV/Vis/NIR spectra were obtained using either a
Varian Cary 60 spectrophotometer or a Varian Cary 5000 spectrophotometer. Cyclic voltammetry
measurements were carried out in a standard one-compartment cell under nitrogen, equipped with a
glassy carbon working electrode, a platinum wire as counter electrode, and a silver wire as reference
electrode using a CHI 760c potentiostat. Analyte solutions were prepared with 0.05 M solutions of
Na(BAr",) in THF (2-4) or 0.1 M solutions of (NBu,)PFs in MeCN (5). Ferrocene (Cp,Fe) was employed
as an internal standard and all potentials were referenced to the [Cp,Fe]”** couple.
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Table S1. Crystallographic data for compounds

1 2-0.4THF 3-2.5THF 4.2 5THF 5.2.9MeCN
formula Ci174H158B4CraNis | CizseHos2B2FasMNnaN120g4 | CrasHi10B2FasFeaN12025 | CrasaH110B2C0,F48N12025 | Cao1.2H277.8B6CraNsz6
fw, g/mol 2620.46 2911.67 3093.73 3099.91 4627.10
T, K 100 100 100 100 100
space group P-1 P-1 P-1 P-1 P-1
z 1 1 1 1 1
a A 15.3682(7) 15.0589(5) 15.17(1) 14.8476(4) 15.1700(6)
b, A 15.9908(7) 15.8311(5) 15.92(1) 15.9017(4) 15.9112(6)
¢, A 17.592(1) 18.4096 18.40(1) 18.2100(5) 30.342(1)
a, deg 72.813(3) 75.382(2) 75.334(2) 75.560(2) 90.924(2)
B, deg 69.832(4) 67.031(2) 66.781(2) 67.648(2) 97.350(2)
7, deg 68.859(3) 68.819(2) 68.243(2) 68.920(2) 115.288(2)
v, A® 3712.1(3) 3736.0(2) 3763.5(4) 3676.4(2) 6546.9(4)
dear, glem® 1.081 1.294 1.333 1.312 1.126
Ry (I >24(1))? 8.22 5.99 6.31 6.68 8.12
WR, (all)® 2222 18.31 16.64 19.36 23.95
GoF 0.944 1.080 1.073 1.066 1.008

"Ry = Z|Fol = [Fell/Z|Fol. "WR, = [Sw(Fo® - F?)/w(Fo?)]™.
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Table S2. Selected interatomic distances (A) and angles (°) for compounds®

1 2.04THF | 3-25THF | 4.25THF 5.2.9MeCN

M-N3 2.119(3) 2.361(3) 2.288(3) 2.261(3) 2.132(3) 2.127(4)
M-N4 2.112(3) 2.271(3) 2.201(3) 2.161(3) 2.106(3) 2.098(4)
M-N5 2.070(3) 2.271(3) 2.188(3) 2.152(3) 2.063(3) 2.075(3)
M-N6 2.142(3) 2.346(3) 2.323(3) 2.265(3) 2.166(3) 2.180(5)
M-Nrpya | 2.111(6) 2.312(6) 2.250(6) 2.210(6) 2.117(6) 2.120(6)
M-N1 2.034(3) 2.163(2) 2.131(2) 2.116(3) 1.988(3) 1.982(4)
M-N2 2.025(3) 2.137(2) 2.084(2) 2.034(3) 2.002(3) 1.994(4)
M-N, 2.030(4) 2.150(3) 2.108(3) 2.075(4) 1.995(4) 1.988(6)
C1-C2 1.398(5) 1.404(4) 1.402(4) 1.408(5) 1.398(5) 1.406(6)
C2-C3 1.475(5) 1.499(4) 1.497(4) 1.495(5) 1.446(5) 1.443(7)
C3-C1A 1.406(4) 1.383(4) 1.381(4) 1.375(5) 1.397(5) 1.412(6)
c-C 1.426(8) 1.429(7) 1.427(7) 1.426(9) 1.414(9) 1.42(1)
N1-C2 1.337(4) 1.315(4) 1.315(4) 1.312(4) 1.362(5) 1.367(5)
N2-C3 1.333(5) 1.340(4) 1.348(4) 1.355(4) 1.366(5) 1.357(6)
N-C 1.335(6) 1.328(6) 1.332(6) 1.334(6) 1.364(7) 1.362(8)
N_-M-N, 79.3(1) 76.83(8) 77.83(9) 78.8(1) 79.7(1) 80.5(2)

#See Figures 1 and 2 for numbering scheme.
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Figure S1 | UV/Vis spectrum of 5 in MeCN at ambient temperature.
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Figure S2 | UV/Vis spectrum of 2 (red) and 6 (blue) in THF at ambient temperature.
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Figure S3 | UV/Vis spectrum of 3 (red) and 7 (blue) in THF at ambient temperature.
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Figure S4 | UV/Vis/NIR spectra of 4 (red) and 8 (blue) in THF at ambient temperature. The asterisk
denotes an instrument derived artifact.
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Figure S5. Variable-temperature dc magnetic susceptibility of 4 collected at a field of 0.1 T. Note the
pronounced upturn below 20K indicative of weak, ferromagnetic coupling.
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Figure S6 | Low-temperature magnetization data for 5 at selected fields. Black lines indicate fits to data.
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Figure S7 | Low-temperature magnetization data for 6 at selected fields. Black lines indicate fits to data.
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Figure S8 | Low-temperature magnetization data for 7 at selected fields. Black lines indicate fits to data.
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Figure S9 | Low-temperature magnetization data for 8 at selected fields. Black lines indicate fits to data.
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Figure S10 | Variable-field magnetization of 2 at 100K. Black line indicates a linear fit.
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Figure S11 | Variable-field magnetization of 3 at 100K. Black line indicates a linear fit.

S19



0.25 -

o o o
=y =Y %)
o (&) o
] ] ]

Magnetization (u,)

o

o

a
1

o

o

S
1

—v v v 7 vy T r vyl
0 10000 20000 30000
Field (Oe)

Figure S12 | Variable-field magnetization of 4 at 100K. Black line indicates a linear fit.
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Figure S13 | Variable-field magnetization of 5 at 100K. Black line indicates a linear fit.
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Figure S14 | Variable-field magnetization of 6 at 100K. Black line indicates a linear fit.
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Figure S15 | Variable-field magnetization of 7 at 100K. Black line indicates a linear fit.
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Figure S16 | Variable-field magnetization of 2 at 100K. Black line indicates a linear fit.
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