


Experimental
General considerations.

All air- and moisturesensitive manipulations were carried out using standard vacuum line
Schlenk techniques or in an MBraun inert atmosphereébdgrycontaining an atmosphere of
purified argon.CgDes, THF, THF-ds, n-hexane and toluenewere distilledbefore usefrom
sodium benzophenone ketyt from sodium, respectivel\CD,Cl, was distilled before use
from Cah. Naphtalene, sodium, CaHPRCCI and anhydrous FeBrvere obtained from
Sigma Aldrich and used as received. NaH was obtained from sigma Aldrich as a dispersion in
mineral oil and was washed withthexane and dried in vacuo prior to use. Tdagal,
[FeCh(thf), 5], [FeBr(thf),], and [Co(GHs),] were synthegied according to the literature
NMR spectra were recorded on Brukestrumentsoperating a00, 250,300, or 500 MHz

with respect tdH. 'H NMR chemical shifts are reported relative to SiMising theresidual

'H chemical shifts of the solvent as a setary standardnfrared spectra were collected on a
PerkinElmerSpectrum 2000 FTR-Raman spectrometer. UV/vis spectra were recorded on
UV/vis/NIR lambdal9-spectrometer im cell with a0.5 cm path length. Elemental analyses
were performed at thidikrolabor of ETH Zirich.Reliable elemental analysis déta 2 and3
proved difficult to obtain due to the sensitivity of the samples. Alternative bulk methods of
characterization are provided as evidence of the efficacy of the syntiReseder Xray
diffraction patterns of the samples were recorded with a STOE Stadi P diffractometer
equi pped with a germanium monochromator and
kV). Powder spectra were simulated using WinXPow Version 3.0.1.139¢6&010),
STOE&CieGmbH, 64295 Darmstadt, Germargingle crystals suitable for-kKay diffraction

were coated with polyisobutylene oil in a dwgx, transferred to a nylon loop and then
transferred to the goniometer of an Oxford XCalildiffractometerequipped with a
molybdenum Xr ay t ub e ( & The strOcturéslvieré 3olved)using direct methods
(SHELXS) completed by Fourier synthesis and refined by-matrix leastsquares
proceduresResults from single crystal -Kay analysis are deposited &CDC 1045323
1045329>"Fe Mosbauer spectra were recorded on a WissEsddéuer spectrometer (MRG

500) at 77 K in constant acceleration mod&o/Rh was used as the radiation source.
WinNormos for Igor Pro software has been used for the quantitative evaluation of the spectral
parameters (leastguares fitting to Lorentzian peaks). The minimum experimental line widths
were 0.20 mns. The temperature of the samples was controlled by an MBBQ106
MOSSBAUER He/N cryostat within an accuracy of 0.3 K. Isomer shifts were deteunin
relative toa-iron at 298 K.Experimental Xband EPR spectra were recorded on a Bruker
EMX spectrometer (Bruker BioSpirquipped with a He temperature control cryostat system
(Oxford Instruments). Simulations of the EPR spectra were performed by iteration of the
anisotropicg-values and line widths using the EPR simulation program W95EPR developed
by Prof. Dr. Frank NeeseMagnetic susceptibility measurements were carried out with a
superconducting quantum interference device (SQUID) magnetometer (Quantum Design,
MPMS-5S) in the temperature range e8Q0 K in fields of 0.01 T and 1 T. Both fietmboled

(FC) and zerdield-cooled (ZFC) data were obtaindébr DFT calculations on compourzd

and related specie§Fe(tropdad)], [NaFe(tropdad)] and [NaFe(trgplad)(thfy]), the gas
phase geometries were optimized with the Turbomole program pad@gsed to the PQS
Baker opimizer via the BOpt packadat the unrestricted-DFT/BP86 level. We used the
def2TZVP basis sétfor all atoms and a small grid (m4Jhe minima (no imaginary
frequencies)were characterized by calculating the Hessian matrix. The coordinates of the
optimized geomeies are suppliedn a separated zip file (.pdb and .xjgrmat). EPR and
Mossbauer parameters were calculated with @RCA’ program systems, using the
coordinates fm the structures optimized in Turbomole or thea) structure as input. For
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the EPR parameters we used thdygs functional and the defZZVP basis set on all atoms.

For the Mossbauer parameters we used thlyp3unctional and the TZVP basis set dh a
atoms.The same method was applied for calculation of the Mdssbauer parame3enstiof

Orca at the b3yp/TZVP level, but using the (neoptimized) geometry of th¥-ray structure

and employing theRIJCOSX approximationThe Mossbauer parameters dfwere also
computed usin@ different basis setombination in particularusingthe CP(PPP) basis set on

Fe. For theseDFT calculations ORCA 2.7 revision 0 was uSeligain the geometry o8

found in thecrystal structure was used without geometptimization. The single point
calculations were performed withe B3LYP functiona™®Th e #Haommpe (CP(PPP))
set for iron*! triple-z basis sets with orget of polarization functions (TZVP) for nitrogé&n,

and doublez basis sets with omget of mlarization functions (SV(P)) for carbon and
hydrogen atoms were us&oMossbauer parametersere calculated as reported previously.

Spin density plots we visualized using th@rogram Molekel* Compound<2, 3, 5, and6

were isolated as single crystals with solvent molecules in the lattice as described in the
experimental part. lhot otherwise noted, lattice bound solvent molecules weter could

not be removed under reduced pressure and yields refer to the compounds including the
indicated amount of lattice bound solvents.

[FeBr,(trop.dad)] (1). Toluene (8 mL) was added to a mixture of tagd (500 mg, 1.15
mmol) and [FeBx(thf),] (413 mg, 1.15 mmol). Ale reaction mixture turned green and was
stirred at ambient temperature for 16 h. All volatiles were removed under reduced pressure to
give a green solid which was dried in vacuoZém. Yield: 748 mg, 1.15 mmol, quant.

Single crystalline material can be obtained by recrystallization from hot toluene or from
CH.Cl,/hexanes (layering ambient tenperature).

'HNMR (300 MHz, CQCL,): ti=138.53 (br s, 2H); 3.21 (br s, 4H), 0.87 (br s, 4H), 3.18 (br

S, 4H), 3.40 (br s, 4H), 5.98 (br s, 4H), 118.81 (br s, 2H) ppm=4.711) es ( Evans o
method). Anal. calc. for £H24N2FeBrR (652.21 g/mol): C, 58.934, 3.71; N, 4.30; found: C,
58.72 H, 3.60; N, 4.18. m.p. = 174 °C (decomp UV/VIS (THF): &max = 250, 652 nmATR

IR: ¥ = 3019(w), 2961 (w), 1599 (w), 1494 (w), 1436(w), 1374 (w), 1307 (w), 1258(s),
1085(s), 1015(s), 867 (w), 791(s), 726(s), 696(w), 648(w), 628(w).

[Na(thf) sFe(trop.dad)] - 0.5(GH14) (2). Method A: Naphthalene (40 mg, 0.31 mmol) and
sodium (22 mg, 0.96 mmol) were subsequently added to a stirred suspension of
[FeBry(trop,dad)] (200 mg, 0.31 mmol) in THF (4 mL). The reaction mixture turned brown
and wa filtered after 16 h. The filtrate was layered with hexanes (6 mL). Dark brown single
crystalline needles d&f formed within 20 h, were isolated by decantation and dried in a stream
of Argon. A second crop of single crystalline material was obtainedlaftarpon cooling the
mother liquor toi130 °C. Combined vyield: 111 mg, 0.14 mmol, 45%ethod B: A
suspension of NaH (83 mg, 3.46 mmol) in THF (1 mL) was added to a stirred suspension of
[FeBr(trop,dad)] (450 mg, 0.690 mmol) in THF (5 mL). The reactioxtonie turned brown

and a gas evolution was observed. After 2 h the reaction mixture was filtered and the filtrate
layered with hexanes (20 mL). Dark brown single crystalline need2$oomed within 14 h,

were isolated by decantation and dried in a stred Argon. A second crop of single
crystalline material was obtained after 1 d upon cooling the mother liquoBao°C.
Combined yield: 392 mg, 0.506 mmol, 73%.

Only single crystalline material should be isolated in order to obtain material free of
ferromagnetic and/or superparamagnetic impurities. Such impurities could only be detected
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by magnetic susceptibility measurements. Contaminated samples showed effective magnetic
moments of up to 9.74.

'HNMR (300 MHz, THFdg) :  itl.02=br s), 0.07 (br s),.76 (br s), 15.76 (br s) ppm.
Resonances for THF and hexanes were also detected. m.p. > 2%0R(R: ¥ = 3058 (w),

2972 (m), 2868.94(m), 1591 (m), 1508 (w),1477(s), 145 (s), 1380 (m),1361 (m), 1333

(w), 129 (m), 1272(w), 1258 (m), 1197 (m),1179(m), 1147 (m), 1121 (w), 1047 (s), 971

(w), 887(s), 852 (m), 825 (m), 798 (m), 747 (s), 738(s), 725 (s), 707 (s),673 (m), 657 (s),

626 (s) cmt. UVIVIS (THF): amax = 237, 2B, 306, 436 nm. Zerofield >’Fe Mossbauer(l,

laEq| (mm/s)): 7 K) 0.21(1) 2.451) (Gewnm = 0.33Q) mm/s) e = 1 . g8(B00 K,

SQUID magnetometry, 0.01 T9er=1.91)eg( 298 K, Evans6é met hod, 3C

[Fes(trop.dad),] - ((THF)oes(Hexanesy,) (3). Method A: [FeCh(thf); 5] (22 mg, 94 pumol)

was added to a solution fMa(thf);Fe(tropdad] (2) (148 mg, 191 umol) in THF (3 mL). The
reaction mixture was filtered after 1 h and the filtrate layered with hexanes (8 mL). Deep red
brown single crystalline plates 8fhad formed aér 14 h, were isolated by decantation and
dried in a stream of argon. Yield: 85 mg, [{inol, 82%. Method B: [Na(thf)sFe(tropdad)]

(2) (144 mg, 186 umol) was added to a solutiorFeBr, (20 mg, 93 pmoljn THF (3 mL).

The reaction mixture was filteredtaf 1 h and the filtrate layered with hexanes (6 mL). Deep
red-brown single crystalline plates 8fhad formed after 16 h, were isolated by decantation
and dried in a stream of argon. Yield: 76 mgué%ol, 74%.

Only single crystalline material should ls®lated in order to obtain materralnimized in the
contentof ferromagnetic and/or superparamagnetic impurities. Such impurities could only be
detected by magnetic susceptibility measurements. Contaminated samples showed effective
magnetic moments of u 10.7 . Method B proofed to be slightly more reliable in this
respect.

'H NMR (300MHz, CsDe): U = 137.26 (s),i 31.54 (s),i 26.48 (s),i 18.18 (s),i 8.41-14.63

(m), 8.7610.79 (m), 12.524.17 (m), 22.92 (s), 27.45 (s), 54.21 (s), 55.97 (s), 76.36 (s),
123.51 (s) ppm. Resonances for THF and hexanes were also detected. m.p. >&226-°C
6.00 €5 (300 K, SQUID magnetometry, T). et = 5.4(2) € ( E v a nthod, 298 &, 300

MHz, 1.5-10° molar solution of3 in C¢Dg, corrected for diamagnetic contribution and TIP
contribution as obtained from fit of SQUID datATR IR: ¥ = 3054(w), 2951(w), 2923(w),

2852 (w), 1595 (m),1568(w), 1481 (s), 1458(s), 13& (m), 133 (w), 1317 (w), 1296 (m),
1250(m), 1214 (w), 119 (m), 1174 (w), 1156 (m)1138(w), 1121 (m),1108 (w), 1069 (W),

1035 (w), 985 (w)932 (m),899 (m), 885 (m), 866 (m), 800 (w), 779 (w), 734 (s),701 (w),

658 (W) cm' L. UV/IVIS (THF): amax = 225, 275, 449 nniZerofield >’Fe Méssbhaueni( oEq|
(mm/s)): (77 K) component 1 (68%): 0.37(1)09(1)(Gewnm = 0.33(1) mm/s); component 2
(32%): 0.92(1) 1.841) (Grwnm = 0.24@) mm/s)

[Fe(trop.dad),] (4). [Co(CsHs)] (29 mg, 153 umol) wasadded to a suspension of
[FeBr(trop,dad)] (50 mg, 7fumol) andtrop,dad (33 mg, 7mol) in toluene (4.5 mL). After

3 h the reaction mixture was filtered. The filtrate was layered with hexanes (11 mL) and
stored ati 30°C. After 3 d dark brown single crystals had formed which were filtered off and
dried in vacuo. The filtrate was layeredth hexanes (6 mL) and storedi&®0°C. After 2 d a
second crop of single crystalline material had formed, which was isolated by filtration and
dried in vacuo. Combined yield: 26 mg, 28 umd%a
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'H NMR (300MHz, CsDe): Ui = 5.26 (br s, #, H®"?) 6.149.04 (br m, 22H, [efinArm
ppm. m.p. = 178280¢c( Eoaamd.UNES TR = 220,
284, 463 nmATR IR: ¥ = 3016 (w),2856 (w), 1628 (W), 1597 (w), 1483 (m), 1456 (m),
1436 (m), 1337(w), 1307 (w), 1247(w), 1209 (m),1158.37(w), 1105 (w),1061(m), 1035
(m), 971 (w), 948 (w), 886 (w), 829 (w), 795 (s), 766 (S), 735 (s), 652 (M), 642 (m) cm ™.
Cs4HagN4Fe (928.96 g/mol): C, 82.75; H, 5.21; N, 6.03; found: C, 82.67; H, 5.30; N, 6.11.

Reaction of [Na(thf) sFe(trop.dad)] with Ph3CCI. PrCCI (29 mg, 104 umol) was added to

a stirred suspension @f(81 mg, 105 umol) in THF (2 mL). After 5 h the reaction mixture
was filtered. The filtrate was layered with hexanes (8 mL) and coole80fC to give single
crystaline colorless after 3 d, which was filtered off and dried in a stream of Argon (11 mg,
19 pmol, 37% with respect to F&CI).

The filter cake was extracted with toluene (2 x 1 mL) and filtered. The filtrate was layered
with hexanes (8 mL) to give singbeystalline3 after 1 d, which was filtered off and dried in a
stream of Argon (14 mg, 13 pmol, 37% with respect to Fe).

The toluene/hexanes filtrate was stored at ambient temperature for 21 d to give dark brown
single crystallines, which was filtered dfand dried in a stream of Argon (9 mg, 11 umol,
11%).

PhsCCeHsCPh, A K16 (5).1*% *H NMR (200 MHz,CeDe) U = 4.92 (tt, %3 = 3.8 Hz,*Jun
= 2.0 Hz, H, H*"™", 5.92 (dd,®Jus = 10.5 Hz,3Jun = 3.8 Hz,2H, H"®™), 6.44 (dd )y =
10.5Hz, %3y = 2.0 Hz,2H, HY"®"), 6.957.11 (m, 20H, E&°™, 7.287.31 (m, 5H, B°™ ppm.
[Fe(trop.dad-CPhg)]-(Tol) (6). *H NMR (300 MHz, CsDe): Ui = i2.73 (br s);i1.27 (br s),
1.65 (br s), 2.35 (br s), 3.75 (br s), 4.29 (br s), 6.00 (br s), 6.03 (br s), 64)2 g0 (br s),
6.61 (br s), 8.20 (br s), 24.74 (br s), 29.03 (bppmn. m.p. = 215 °C (decomp.UV/VIS
(THF): amax = 216, 276, 468 nmATR IR: ¥ = 3058(w), 3019(w), 2971 (w), 2920 (w),1595
(w), 1560(w), 1483(m), 1463 (m), 1443(m), 1397 (W), 1344 (w), 1297 (m), 1264 (w), 1184
(m), 1158(w), 1123(w), 1099 (w), 1033(m), 10 (W), 964 (w), 935 (W), 914 (w), 884 (W),
863 (W), 804 (W), 794 (w), 763 (W), 750(s), 731 (s), 712 (m),699(s), 667 (), 625 (m) cm™.
et = 19(1) eg ( Evans o6 CgeyNIreo (827.87 g/mol): C, 83.94; H, 5.72; N, 3.38;
found: C, 84.15; H, 5.60; N, 3.11.
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Powder X-ray diffraction.
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Figure S1 Experimental (blue) and calculated (magentap) powder diffractogram for
[NaFe(tropdad(thf)s] (2) atroom temperature.
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Figure S2 Experimental (blue) and calculated (magentap) powder diffractogram for
[Fes(troppdad;] (3) at room temperature.
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Zero field Mossbauer spectroscopy.
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Figure S3 Zero field MOssbauer spectrum of [NaFe(tdgd)(thfy] (2) at Z 0.21(K).
mns; |gEq| = 2.45(1) mnts; Gewnm = 0.33(1) mnvs.
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Figure S4 Zero field Mdssbauer spectrum of pfeop,dad)] (3) at 77 K. Measured

spectrum shown in blackubspectrum Xred,relative area: 68% U = 0.37(1) mnfs; |gEg| =
1.09(1) mnts; Gewnv = 0.33(1) mnfs; subspectrun? (blue, elative area: 32%d = 0.92(1)
mnvs, DEg = 1.88(1) mnts; Gewnm = 0.24(1) mn/s.
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Magnetic susceptibility measurements

The emperature dependence of tmagneticsusceptibility and magnetic moment 2fare
shown in FigureS5 2 behaves paramagneticaily the whole temperature range. The data
were fited with the Curie Weiss lac i co) = (8(C/(T i g))T)” after the diamagnetic
contribution € = 79.0(3)10°) was subtracted. The Curie const&ht 0.4016(1) and the
Weiss constangy =10.028(3)K were obtained from the fiA magnetic moment af = 1.80

ng is observedn the temperature range of3B0 K. The moment is consistemith S = 1/2 for
Fe(l) and oresponds to a low spirf donfiguration ionNo field dependence on the greetic

moment wa detected (see inset in FigureS5. This rules out the presence of
superparamagnetic impurities.

The relation
‘ go) 2™YOY p

gives anaverageg value of 2.08 for compound2 based on magnetic susceptibility
measurementsThis is in good agreement witthe geometric average of thg values

determined by EPR spectroscopyerage= 2.1Q andrules out the presence fefrromagnetic
or paramagnetic impurities.

T T T T T
0.20 b;’q:;;\ O000006660005055000000000000665006000000006000000000000d 1.8
—~0—~ZFC 2.0 T T T T T T T T T T
Curie-Weiss fit
It Pl GO0 U0 ULLL000000000000000000000000000000000000000000V00 415
—e—ZFC 100 Oe -
| 1}
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@ * __ 12} 112
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o 10000 O
R 0.05|e - ©
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Figure S5 Temperature dependencernfgneticsusceptibility for2. The magnetic moment
dependence on temperature is also shown with the blue line representing the Curie Weiss fit
(seetext). The inset shows theffectivemagneic moment a0.01 T andat1T.
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Magnetic susceptibility data aficrocrystalliné® 3 were recorded in the range of320 K in
applied fields of 0.01 T and 1 T (Figure-8p6

0.3 T e T g T L T e T L T o T
| — 7] 5
O 0.2+ —_—
g X (Cpd. 3), exp. |14 jn?
> 13 —_
A (Cpd. 3), exp. s
E 01l Hef Jp
— — fitted curves
3 11
=
0.0 0

0 50 100 150 200 250 300
T [K]

Figure S6. Temperature dependencerablar magnetic susceptibiliticircles) and effective

magnetic moment (triangles) of gteop,dad)] (3) (red lines indicate fits (see text)).

The data weranalyzed usinghe program JulX by DieckhardBill. The data obtained at 1 T
was in good agreement withspin Hamiltoniarmodelfor local spins $1= Srez= 1/2, See2=
2 with thefollowing parameters:

Jretrer= Jreorea=110.0 cm' %, Jrerrea=1230cm' ™,
Ore1= Ore3= 2.79, Ore2= 2.17,

Dre2=146.2cm' !, Ere/Dre = 0.31,

diamagnetic correctiori 578.5-10° emu

A large zero field splitting parameter-fy waschosen as a starting point in the simulations

due tothe wide split subspectrum of Fe2 in the applied field Mdssbauer specti@jnwviich

seems to indicate large magnetic anisotropy due to sizabldiglergplitting. The latter can

arise only from Fe2 because the terminal Fe(l) ions are in doublet state and, hence, cannot
contribute singlaon zerofield splitting. The applied field Méssbauer data are not discussed
here in detail, because a fully consistelobgl spin Hamiltonian simulation could not yet be
obtained due to theomplexity of the spin ladder and related spin relaxation issuiEss)g

from competing moderately strong -alhtiferromagnetic spin coupling and a pronounced
local zero field splittig of Se2= 2 in compound.

It should be mentioned that an acceptable fit of the magnetic susceptibility data could also be

obtained using the above model wither parameters. The error plots in Figure S7 indicate
possible solutions.
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Figure S7. Top: eror plot for D, vs J2 (Wwhere J; = Jb3).
Parameters used are those given on page S09.

S10

Bottom: error plot forD; vs. Js.
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At a low appliedfield of 0.01 T a higher effective magnetic moment was obtaingd<j.8

Mg at 300 K and 1 T; ¢ = 6.4 ug at 300 K and 0.01 Tcorrected only for diamagnetic
contribution).'” At low temperatures and an applied field of 0.01 T, a transition is apgparen

the ZFC data at 5 K while the FC curve diverges from the ZFC difigeire 9). The
observed behavior is most likely due to the presence of small amounts of superparamagnetic
impurities, although it cannot strictly be excluded to be an intrinsic property of compaund

solid state’® Extensive electronic and magnetic studies areireduo clarify the type of

interactions in3 in low magnetic fieldsideally on single crystaland would be beyond the
scope of this communication
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Figure . Temperature dependencemblar magnetic susceptibility at 0.01 Tand 1 T 8r
(ZFC and ZFQlata are showrdatacorrected only for diamagnetic contributjon
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EPR spectroscopyThe X-band EPR spectrum @flaFe(tropdad)(thfy] (2) shown in Figure
1b (main part) was recorded at 20 Kfrezen THF /0.1m [N(nBu)4][PFe]. Experimental
conditions: microwave power 0.2 mW, field modulation amplitude = 2 Gauss, microwave
frequency =9.368145GHz. The simulated spectrum was obtained with the parameters shown

in TableS1 Spin density and SOMO plots tfe [Fe(tropdad)] anionare shown in Figure
S10revealing a mainl{2 type topology for the SOMO

Table S1.Experimental and DFT calculatggvaluesandDFT calculated Fe spin densities of
[NaFe(tropdad)thf)s)] (2) and related speciéd®

spin density  NBO charge

Exp. (simulation) Ox Oy 9 Fe®@ Fe®
[NaFe(tropdad)(thf}] (2) 2.010 2.095 2.199 - -
spin density  NBO charge
DFT @ ® O o o3 Fe® Fo@®
[Fe(tropdad)] free anion 2.022 2.080 2117 1.35 0.659
[NaFe(tropdad)] 2.022 2.083 2.134 1.23 0.574
[NaFe(tropdad)(thfy] DFT geom. 1.33 0.636

[NaFe(tropdad)(thfy] X-ray geom®  2.021 2.078 2.136 - -
(a) Geometry of theglFe(trop2dad)] anion, optimized in the gas phase with
Turbomole (BP86, detZZVP).
(b) EPR parameters calculated with Orca -fg8 def2TZVP) using the
Turbomole optimized geometries.
(c) Geometry found in the Xay structure, not optimized with DFilising geometries of
asymmetric units 1 or 2 gave identigalalues

Figure S10. Spindensity §) and SOMO if) plots ofthe[Fe(tropdad)] anion.
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The X-band EPR spectrum ofFes(trop.dad)] (3) recordedin toluene solution at room
temperature shows a broad featureless signal (Figlia).SAt 20 K in a toluene glasan
evenbroacer featureless signas observed, which extends over the full magnetic field sweep
(Figure 91b). This is characteristic gfmall mostly singledomainmagnetic particlesthe
anisotropy of which determines the width of their (ferro)magnmegonance spectrum. Their

line width decreasesvith increasing temperatures, unlike for paramagnetic systems, because
the effective magnetic anisotropgecreases when thoarrier can be thermally crossdthis

effect is size dependent and more pronourioedmaller particles'® Thus, the Xband EPR
signal observed in samples3Wvas assigned to small magnetic particles, which are present as
minorimpurities or form upon beginning decompositiorBah solution.

a) g-value b) g-value
469 2 0.67 8500 2 067
11] 11]
=] =]
— | —
< <
o o
T T T T T T T T T T T T T T T T T T T T T T T
1500 3000 4500 6000 7500 1500 3000 4500 6000 7500 9000
B [Gauss] B [Gauss]

Figure S11. X-band EPR spectra dfFes(trop.dad}] (3) in a toluenesolution at room

temperature (a) anoh a toluene glasat 20 K (b) Experimental conditionsa) microwave

power2.007 mW, field modulation amplitude 20 Gauss, microwave frequency386533

GHz. b) microwave power 0.632 mWjeld modulation amplitude 2 Gauss, microwave
frequency =9.3@638GHz.

Cyclic voltammetry.
10 A

u/v
Figure S12. Cyclic voltammogram of [NaFe(tregad)(thfy] (2) at 23°C in 0.1 solution of
[N(nBu)4][PFs] in THF; potential vs. Fc/F¢ working electrode:glassy carbon; counter
electrode: Pt; reference electrode: Ag.
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Trop.dad. The ligand used in this work, trggad, crystallizes in the monoclinic space group

P2i/c with Z = 2. The diazadiene unit shows sitrans conformation. Especially the bond

lengths inthe ligand backbone (C18l1,C16C16 6) and those o€5the ol
are of interest (caption Figurel®. In the free ligand, these parameters are unexcepfidnal.
Nevertheless, their accurate determination is important for comparison with cafspoun

which tropdad is bound to a metal center. In such cases, these parameters can give
information about the oxidation state of the ligand @da, (tropdady’, or (tropdady)?*??

and about the strength of backbonding from the metal center toefirerobieties.

Figure S13. Molecular structure ofrop,dad in the solid state.ifplacement ellipsoids are
shown at the 50% probability levelHydrogen atoms and one molecule of -1,2
dimethoxyethane per formula unit in the lattice are omitted for clarity. Selbotedi lengths
[A]: C4iC5,1.3362(19); CI&C 1 6 6, 1 .iMNT, 2.4526(15); COAN1, 1.2641(16).

[FeBr,(trop .dad)] (1). Compoundl crystallizes in the monoclinic space grdep/n with Z
=4 (Figure 34). The Fe center is found in a distorted tetrahedral coordination geometry.

C31 C32

Figure S14. Molecular structure ofFeBr,(trop.dad] (1) in the solid state. Bplacement
ellipsoids are show at the 50% probability leveHydrogen atoms and one molecule of
toluene per formula unit in the lattice are omitted for claglectecbond lengths [A] and
angles [°]: FellN1, 2.1081(¥); Fel N2, 2.119(17); Fel Brl, 2.3689(4); Fel Br2,
2.375(4); C3TI N1, 1.276(3); C3EN2, 1.2'5(3); C311 C32, 1.480(3); NiFel N2, 78.197);
N1iFel Brl, 106.53(5); NLFel Br2, 113.87(5); NRFel Brl, 119.53(5); NRFel Br2,
99.82(5); Br1Fel Br2, 128.19715).
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The NI Fel N2 angle is small (78.19)°) due to geometric constraints of the chelating
ligand. The largest angle around Fe is observed for Bl Br2 (128.19(15)°). The long
C31i C32 bond (1.480(3) A) and the short C31/C82/N2 bonds (1.276(3) and 123) A,
respectively) are close to the vadutound in the nowmoordinate ligandvJde supra and
indicate that the diazadiene ligand is in its neutral oxidation state;damp Accordingly,
the FeIN1/N2 distances (2081(T7) and 2119(17) A, respectively) are significantly
elongated compared those in compoun?l (1.8776(19) and1.879319) A, respectively). The
FeliN1/N2 and FelBrl/Br2 distances inl are highly similar to those reported for
[FeBr(tBu,dad)]?®

[Fe(trop.dad),] (4). Compound4 crystallizes in thenonoclinic space groupnaz with Z= 4

(Figure S5). The average F& bond length of 1.983) A is in the range of distances
observed in related compounds [FERMNNR),] (R = GFs, C, = (MeC): 1.962(2) A; R =

Ph, G = bornylene: 2.019(2) AJ! The dihedral angle between the twimzadiene planes

amounts to 782(10)°, similar to the value of 73.0° reported for the bornylene compound.

Fel resides in a distorted tetrahedral coordination geometryF€N N, 8288(10)
134.34(1)°). The G C (1.3724)-1.401(4) A) and €N (1.3353)-1.3473) A) bond lengths in

the diazadiene backbones reveal both ligands to be monoanionic radicalslatfopAn

effective magnetiaono me n tes =RG1)egwas det er mined by Evansé
close to the spin only value for two unpaired electrorz . 8 f8r g & 2). This suggests a

high spin Fe(ll) center = 2) antiferromagnetically coupled with the two radical ligands
resulting in a spin ground state of Sgl= 1. \Y
= 4.49(1) mm/s support thisterpretatiorf- 24

C64

N4g/&®
Figure S15. Molecular structure offFe(tropdad,] (4) in the solid state. iBplacement
ellipsoids are show at the 50% probability leveHydrogen atoms, annelate¢HG groups,
and solvent molecules in the lattice are omitted for clarity. A second equivakeig pfesent
in the asymmetric unit and is not discussed as it shows highly similar bonding pasamete
Selectedbond lengths A] and angles [°]: F&lIN1, 1.99%3): Fel N2, 1.99(3); Fel N3,
1.983(3); Feli N4, 2.0(3); C31' N1, 1.38(4); C32° N2, 1.38(4); C31i C32, 1.3B(5); C63
N3, 1.3894); C64 N4, 1.33(4); C63 C64, 13985); N1i Feli N2, 84.53(11); N1i Fel N3,
134.34(1); NIiFel N4, 11520(11); N2i FeI N3, 11625(11); N2i Feli N4, 130.%4(10);
N3i Feli N4, 8288(10).
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Reaction of [Na(thf) sFe(trop.dad)] (2) with PhsCCI. In order to investigate th&tability of
the (Fe(tropdad)’ anion in the presence of the potential oxidation agent:GFh
[Na(thf)sFe(tropdad)] @) was reacted with one equivalent of;2RI (Scheme S1). Analyses
of the products isolated from this reaction let us suggest two competing reaction pathways A
and B. We prpose the formation of intermediatel as the initial step common to both
pathways.

Pathway A Gomberg hydrocarboh was isolated from the reaction mixtugeis the known
dimerization product of the (B8)° radical®® This indicates thain situ generated (RIT)"
indeed acts as an oxidizing agent. Surprisindgfg;(frop.dad,] (3) was isolated as a second
product. It is formally derived fromthree equivalents of transientFe(tropdad)’ in a
sequence involving three one electron oxidation steps and dissociation of neuidaidrop
Pathway B [Fe(tropdadCPh)] (6) was isolated from this reaction in low yield. It is a formal
adduct of radical specie€h:C)° and (Fe(tropdad)®. However, the connectivity in the
diazadiene backbone shows that a subsequent rearrangement inveiiggakion has taken
place. Additionsto diazadiene backbones have been reported for Z2H8® and Lif®
(Ln = Sc, Y, Lu) species and have been shown to be radical reacticasei of T&®

thi Ph Ph
thf- |- thf pathway A 3+ Ph§—®=<
Ph Ph

’/// \\\\ T
S\ PN -
N’\ N Ph,CCl (N\ /NB (37%) 5 (37%)
(PhsC)* Fe
Fe — NaCl ., —
g/ \§ 7 Ny | \CPh3
pathway B
2 -1 N\F/N
e
7

6 (11%)
Scheme S1Reaction o with PisCCI to give3 and5 (pathway A) and (pathway B).

Ph3;CCgHsCPh; (5). Structures oPhsCCsHsCPh with different or without solvent molecules

in the lattice have previously been reporiéd contains one molecule of hexanes per
PhCCsHsCPh in the lattice. Bond lengths and angles of the actual molecule do not differ
significantly (Figure S@).

C33

Figure S16. Molecular structure of [(RIC(CsHs)CPh) - (Hexaney (5) in the solid state.
Hydrogen atoms and one molecule of hexanes per asymmetric unit are omitted for clarity.
Displacement ellipsoids are showat the 50%vrobability level.
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[Fe(trop.dad-CPh3)]-(Tol) (6). 6 crystallizes in the triclinic space gro@with Z = 2 (Figure

S17). The iron center is coordinated by twefiMctionalities and two olefinic moieties. It

resides in a distorted square planar coordinageometry with an angle sum of 364.65(7)°

around Fe J/Ci Fel N/C, 81.54(6)98.04(8)°) The NCCN backbone of the ligand displays

one long C31IN1 bond (.368(2) A and one short C3X2 bond (.3283(19) A, which are
associated with an amido and an imino fiov@lity, respectively® This is in good agreement

with a short FeiIN1 distance 1.865313) A) and a large F&N2 distance 1.944615) A).

However, these differences inif¢bonding do not induce a thermodynarmans-effect in6,

as the Feolefin bond legths are identical within limits of error (and elongated compared to

2). The C31C32 distance ofl.4463) A indicates single bond character. Accordingly, C32
shows a planar c 0 0 BEIF4°). Thus, compoonmbecontaips a( E A,
monoanionicemidoi mi no di ol efin | i gand. AgfFr €efsWdscti ve
determined fobusi ng Evansod met hod. This is close t
el ect r aforgE 2).and3uggests an Fe(l) |.s. electron configuration.

Figure S17. Molecular structure 06 in the solid stateglisplacemat ellipsoids are shown at
the 2% probability levelhydrogen atoms are omitted for clarity, except for H31A/B, which
are shown as arbitrary sphergslected bond lengths [A] and angl&s Feli N1, 1.8&7(15);
Fel N2, 1.988(14); Fel (C4iC5), 1.936(18); Fel (C19 C20), 1.936(18); C4 C5,
1.4193); C19C20, 1.43(3); C31C32, 1.44(2); C32C33, 1.547(2); C3IN1, 1.3692);
C321N2, 1.328R); N1i Fel N2, 81.5(6); N1i Feli (C4i C5), 91.677); N1i Fel (C19 C20),
161.8(7); N2 Fel (C4iC5), 161.41(), N2i Fel (C19 C20), 93.3(7); (C19 C20) Fel
(C4i Cb), 98.38(7); F(C31/C33/N2C32 C33/N2/C31), 89.97(14).
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