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ABSTRACT: Transition metal arene complexes are important species in catalysis and arene functionalization. Certain electron rich 
metal fragments are capable of binding arenes across two adjacent carbon atoms, inducing significant dearomatization through strong 
backbonding interactions. Such complexes generally adopt low-spin, closed-shell configurations with electronic and coordinative 
saturation. Herein, we report an asymmetric trispyrazolylhydroborate (Tp) ligand and its Fe(I) fragment, which forms dihapto com-
plexes with a range of arenes and heteroarenes including benzene, trifluoromethylbenzene, naphthalene, anthracene, and furan. X-
band EPR and solution magnetometry definitively establish these complexes as high spin (S = 3/2), owing to the relatively weak 
ligand field provided by Tp. These compounds expand a small but growing family of complexes that feature strongly backbonding 
metal fragments in high-spin configurations.

INTRODUCTION 
Arenes are an important class of ligands in organometallic 

chemistry, 1  serving as spectator ligands or substrates in the 
functionalization of the arene itself. The hapticity of unsup-
ported arene ligands is determined by the electronic properties 
of the metal center to which it is bound, according to the 18-
electron rule and related concepts. If sterically accessible, η6 
binding is the norm, as it preserves the aromaticity of the arene. 
With electron-deficient metal fragments, hexahapto coordina-
tion can imbue reactivity with nucleophiles (e.g. group 6 
(CO)3M(arene) complexes).2  In some cases, ring-slippage to 
tetrahapto coordination occurs, as in the reduction of [(η6-
C6Me6)2Ru]2+ to (η6-C6Me6)Ru(η4-C6Me6).3  With some metal 
fragments, dihapto binding of arenes is observed,4 and in the 
case of electron-rich, π-basic metal fragments, the metal-arene 
interaction is driven by strong backbonding (Chart 1). This 
transfer of electron density into the arene π* orbitals perturbs 
the aromaticity of the ring system and can drive reactivity of the 
bound arene with electrophiles.5 Owing to the use of strong-
field ligands and/or second- and third-row metals, the η2-arene 
complexes reported to date tend to be electronically saturated 
and low-spin. We have been interested in the chemistry of low-
valent Fe fragments supported by trispyrazoylhydroborate (Tp) 
ligands,6 which, in the Fe(I) state, bind unsaturated ligands (e.g. 
N2

7 and CO8) with strong activation of the substrate via back-
bonding. Crucially, the metal centers in these complexes popu-
late a high-spin (S = 3/2) ground state despite the coordination 
of a π-accepting substrate. Low-coordinate TpFe complexes can 
be prepared with bulky Tp ligands of the “tetrahedral enforcer” 
variety,9 and their sterically encumbered Fe centers limit the 
size of accessible fourth ligands. Herein we report the develop-
ment of a new Tp scaffold which, while bulky enough to allow 
the preparation of low-coordinate TpFe(I) complexes, contains 

an open face due to a regiochemical switch where one of the 
larger substituents is oriented away from the apical pocket This 
steric accommodation allows for the access of larger ligands to 
the metal center. Using this weak-field Fe(I) fragment, we have 
prepared the first examples of high-spin, η2-arene/heteroarene 
adducts and definitively established their spin state via EPR and 
solution magnetometry. 

 
Chart 1. A selection of mononuclear η2-arene complexes of π-
basic transition metal fragments (Dur = 2,3,5,6-tetra-
methylphenyl, Dipp = 2,6-diisopropylphenyl). 

RESULTS AND DISCUSSION 
After discovering that sufficiently bulky Tp ligands could en-

able access to an unprecedented mononuclear S = 3/2 Fe(I) 
complex of N2,7a we began to explore other Tp variants in order 
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to find supporting ligands that were less sterically imposing but 
still capable of supporting low-coordinate, monometallic Fe(I) 
centers. To this end, we synthesized a Tp ligand derived from 
5-methyl-3-duryl-1H-pyrazole (2, duryl = Dur = 2,3,5,6-tetra-
methylphenyl). After subjecting 2 to standard Tp synthesis con-
ditions with NaBH4, we isolated a single product whose 1H 
NMR spectrum was inconsistent with a threefold symmetric Tp 
scaffold (Scheme 1, Figure S1). Instead, the solution 1H features 
two different sets of pyrazole resonances in a 2:1 ratio, con-
sistent with an inversion of the regiochemistry of the B–N bond 
forming step for one of the pyrazoles to give sodium bis(5-me-
thyl-3-(2,3,5,6-tetramethylphenyl)-1-pyrazolyl)(3-methyl-5-
(2,3,5,6-tetramethylphenyl)-1-pyrazolyl)hydroborate 
(NaTpMe,Dur, 3) in 56% yield. This regiochemistry has been ob-
served in other Tp derivatives and is presumably a consequence 
of very bulky aryl substituents at the 3-position of the pyra-
zole.10 Compound 3 is noteworthy, however, for the relative 
ease of its synthesis compared to other Tp ligands with similar 
regiochemistry, which tend to be produced as a mixture of iso-
mers.  
Scheme 1. Synthesis of [TpDur,Me]– and Its Iron Complexes 

 
Tp ligand 3 could be metallated with iron(II) chloride to give 

the paramagnetic complex TpMe,DurFeCl (4, Scheme 1). Single-
crystal X-ray diffraction (XRD) confirmed this structural as-
signment and the unusual regiochemistry of 3, revealing a 
pseudotetrahedral Fe(II) center flanked by two duryl substitu-
ents and a methyl group (Figure 1). A single, irreversible reduc-
tion event was observed for 4 at Ep,c = –2.97 V vs. Fc/Fc+ by 
cyclic voltammetry in THF (Figure S26) indicating the plausi-
bility of accessing formally Fe(I) complexes with this frame-
work. To wit, reduction of 4 with KC8 affords the formally Fe(I) 
N2 complex (TpMe,DurFe)2(μ-N2) (5, Scheme 1), which, despite 
the significant steric bulk presented by the duryl substituents, 
was shown to exist as a bimetallic complex with a bridging N2 
ligand in the solid state by XRD (Figure 1, bottom). While com-
plex 5 is structurally analogous to the complex (TpPh,MeFe)2(μ-
N2) previously reported by our group,7a the phenyl-substituted 
analogue exhibits nearly perfect threefold symmetry due to the 
interdigitation of the phenyl substituents. In contrast, the TpFe 
units in 5 are strongly canted away from the latent threefold 
axis, with the methyl group, due to its smaller size, encroaching 
on the bridging N2 ligand. Complex 5 is dark red both in the 
solid state and in THF solution. Like its phenyl-substituted an-
alogue, 5 exhibits an intense band at 910 nm in the UV-vis-NIR 
spectrum, consistent with an intact Fe–N2–Fe unit in solution. 7a 

,11 Unlike its phenyl congener, however, 5 undergoes an imme-
diate and reversible color change to black when dissolved in 
benzene under N2, accompanied by the disappearance of the 

NIR feature characteristic of the Fe–N2–Fe unit. Working under 
argon allows the isolation of this material as a black microcrys-
talline solid. Despite significant effort, we have been unable to 
generate single crystals suitable for its structural characteriza-
tion via XRD. Vibrational spectroscopy provided no indication 
of a bound N2 ligand, and combustion analysis is consistent with 
the formulation of this complex as the benzene adduct 
TpDur,MeFe(C6H6) (6). Solution magnetometry conducted on 6 
by the method of Evans12 gave an effective magnetic moment 
of 3.9 ± 0.1 μB, consistent with a high-spin, monometallic Fe(I) 
complex. In further support of the high-spin assignment, the X-
band EPR spectrum of 6 in 2-methyltetrahydrofuran (2-
MeTHF) at 109 K contained a broad feature spanning ~0–500 
mT (Figure S20), inconsistent with an S = ½ complex. Given 
the rarity of arene complexes featuring high-spin metal centers, 
we were eager to gain more information on this class of mole-
cules and so turned to alternate arene ligands in order to identify 
related complexes amenable to structural characterization. 

 

Figure 1. Thermal ellipsoid plots (50% probability) of the solid-
state structure of TpMe,DurFeCl (4, top) and (TpMe,DurFe)2(μ-N2) (5, 
bottom). Orange, blue, pink, and gray ellipsoids represent Fe, N, B, 
and C atoms, respectively. Most hydrogen atoms and co-crystal-
lized solvent molecules are omitted for clarity. 

Due to its electron deficient character, PhCF3 has been used 
as a benzene surrogate in systems that bind arenes in a dihapto 
fashion,13 with an ~3 kcal/mol greater binding energy reported 
for a Mo(0) system.14 Dissolution of 5 in PhCF3 under argon 
resulted in the quantitative formation of a new purple species 
(Scheme 2) with a solution magnetic moment (μeff = 3.9 ± 0.1 
μB) and optical properties (Figure S16) similar to those of 6. 
Slow evaporation of a pentane solution of this material gave 
single crystals which were shown by XRD to be the dihapto 
arene complex TpDur,MeFe(3,4-η2-PhCF3) (7, Figure 2). Com-
pound 7 is the first example of a crystallographically character-
ized η2-PhCF3 complex, and its solid-state structure contains 
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two crystallographically independent but chemically equivalent 
molecules with minor variations in bond distances. The coordi-
nated π bond is elongated significantly (dC–C = 1.427(4), 
1.428(4) Å) compared to free PhCF3,15 and the uncoordinated 
portion of the arene exhibits bond lengths consistent with per-
turbation of the aromaticity of the bound ligand (Figure 2, 
right). Inspection of a space-filling model of 7 suggests that the 
open face of the TpDur,Me ligand with the flanking methyl group 
is critical for accommodating arene binding to this otherwise 
sterically bulky fragment. 
Scheme 2. Synthesis of TpDur,MeFe(I) Arene Complexes 

 

 

 
Figure 2. Thermal ellipsoid plot (50% probability) of one of inde-
pendent molecules in the solid-state structure of TpMe,Dur(3,4-η2-
PhCF3) (7, left) and selected bond lengths for both independent 
molecules (right). Bond lengths are given in Å. Orange, blue, pink, 
and gray ellipsoids represent Fe, N, B, and C atoms, respectively. 
One disordered CF3 group, co-crystallized solvent molecules, and 
most hydrogen atoms have been omitted for clarity. 

Having confirmed the structure of 7 via single crystal XRD, 
we were eager to definitively establish its spin-state. Like com-
plex 6, the X-band EPR spectrum of 7 at 105 K is extremely 
broad (Figure S19). However, a sample of 7 in hexane cooled 
to 15 K exhibits a well-resolved spectrum with features at ap-
parent g values (geff) of 5.8, 2.3, and 1.7, consistent with rhom-
bic S = 3/2 complex (E/D ≈ 0.3) with giso > 2 (Figure 3).16 The 
57Fe Mossbauer spectrum of 7 contains a quadrupole doublet 
with an isomer shift of 0.951 mm/s and a quadrupole splitting 
of 1.011 mm/s. (Figure S24). Although Mössbauer data on low-
coordinate TpFe complexes are scant, the large isomer shift is 
consistent with a high-spin assignment.17 

Density functional theory (DFT) calculations of the model 
complex TpFe(3,4-η2-PhCF3) were carried out on both the dou-
blet and quartet manifolds in order to gain further insight into 
the electronic structure of 7 (M06L18 with a custom Alrichs ba-

sis19 set via ORCA,20 see SI). Although energy minima featur-
ing dihapto arene coordination could be converged in both spin 
states (Figures S33 and S34), the S = 3/2 configuration was sig-
nificantly lower in energy (∆E = 0.0389 Eh) and better repro-
duced the longer Fe–N and Fe–C bond lengths observed by 
XRD. A spin density plot generated for the high-spin structure 
of TpFe(3,4-η2-PhCF3) (Figure 4) shows significant spin delo-
calization onto the bound arene, with Mulliken spin populations 
of 3.33 at Fe and –0.13 on each of the two bound carbons. We 
observed a similar phenomenon in our computational investiga-
tion of the related terminal N2 complex TpAd,MeFe(N2),7a and this 
spin polarization may be a key difference between π-basic frag-
ments with weak ligand fields and more typical strong-field π-
bases.21 

 

Figure 3. X-band EPR spectrum (9.631 GHz) of TpMe,DurFe(3,4-η2-
PhCF3) in hexane at 15 K (black) and its simulation (red) with the 
following parameters: g = [2.4, 2.2, 2.2], E/D = 0.31. See Support-
ing Information for simulation details. 

 

Figure 4. Spin-density isosurface (0.01) calculated for the model 
high-spin complex TpFe(η2-PhCF3). Green represents positive spin 
and red represents negative spin. Mulliken spin populations: Fe = 
3.33, C1 = −0.13, C2 = −0.13. 

Having established that 7 is a bona fide high-spin Fe(I) com-
plex of a dihapto arene, we explored the generality of this motif. 
Treatment of 5 with naphthalene, anthracene, and furan under 
Ar gave rise to isolable complexes of the form TpDur,MeFe(η2-L) 
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(Scheme 3) where L = naphthalene (8), anthracene (9), and fu-
ran (10). Complex 8 can also be synthesized directly from 4 via 
reduction with K(C10H8). Like 7, compounds 8–10 are also S = 
3/2, with solution magnetic moments ranging from 3.7–3.9 μB 
and broad X-band EPR spectra spanning hundreds of mT (Fig-
ures S21–23). Single crystal XRD confirms the dihapto ligand 
binding in 8–10 (Figure 5). These structures feature lengthening 
of the coordinated C–C bond (dC–C > 1.4 Å) consistent with sig-
nificant backbonding, and 10 is a rare example of a structurally 
characterized mononuclear η2-furan complex.22 Although com-
plexes 6 and 7 slowly reform the bridging N2 complex 5 in the 
presence of N2, 8 and 9 are indefinitely stable in ethereal sol-
vents under the same conditions. The furan complex 10, how-
ever, cannot be prepared except by the rigorous exclusion of N2, 
and we observed no binding between the TpDur,MeFe(I) fragment 
and N-methylpyrrole. These findings are consistent both with 
the diminished aromaticity of naphthalene and anthracene rela-
tive to benzene as well as the centrality of backbonding to these 
interactions, weakening the ability of the electron-rich sub-
strates furan and N-methylpyrrole to coordinate. 
Scheme 3. Synthesis of Polycylic Arene and Heteroarene 
Complexes of TpDur,MeFe(I) 

 

CONCLUSIONS 
We have developed a new, readily synthesized Tp ligand 

which is bulky enough to support low-coordinate Fe(I) com-
plexes while preserving a binding site that can accommodate 
large unsaturated ligands. This fragment binds a range of arenes 
and heteroarenes to give dihapto complexes that populate a 
high-spin (S = 3/2) ground state. These compounds are unusual 
given the plethora of low-spin Fe(I) complexes featuring hexa-
hapto arene coordination11,23 and the lack of high-spin dihapto 
arene complexes. DFT calculations suggest the delocalization 
of unpaired spin onto the bound arene, and, given the utility of 
dihapto coordination in the functionalization of arenes with 
electrophiles, we are currently exploring analogous chemistry, 
with a focus on radical-mediated processes. 

 
 

 

Figure 5. Thermal ellipsoid plots (50% probability) of the solid-
state structures of TpDur,MeFe(1,2-η2-naphthalene) (8, top), 
TpDur,MeFe(1,2-η2-anthracene) (9, middle), and TpDur,MeFe(1,2-η2-
furan) (10, bottom). Orange, blue, pink, and gray ellipsoids repre-
sent Fe, N, B, and C atoms, respectively. Most hydrogen atoms and 
co-crystallized solvent molecules are omitted for clarity. 

EXPERIMENTAL SECTION 
General Considerations. Unless stated otherwise, all com-

pounds were purchased from commercial sources and used 
without further purification. 2,3,5,6-tetramethylacetophenone 
was prepared according to a literature procedure.24  Solvents 
were dried and deoxygenated by argon sparge followed by pas-
sage through an activated alumina column and were stored over 
4 Å molecular sieves. All manipulations were performed under 
an N2 or argon atmosphere either in a glovebox or using stand-
ard Schlenk techniques. 1H NMR spectra were recorded at 298 
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K using Bruker 400 MHz instruments. Chemical shifts are ref-
erenced to residual solvent peaks, IR spectra were recorded us-
ing a Bruker Alpha FT-IR with a universal sampling module 
collecting at 4 cm−1 resolution with 32 scans. EPR X-band spec-
tra collected above 100 K were recorded using a Bruker EMX 
spectrometer and analyzed using Win-EPR software. EPR spec-
tra collected at 15 K were recorded on a Bruker ELEXSYS 
E500 spectrometer with an Oxford ESR 900 X-band cryostat 
and a Bruker Cold-Edge Stinger. UV-Vis spectra were recorded 
using a Cary Bio 500 spectrometer using a 1 cm path length 
quartz cuvette with a solvent background subtraction applied. 
X-ray diffraction studies were performed using a Bruker-AXS 
diffractometer. Elemental Analyses were performed by Mid-
west Microlabs. Solution phase effective magnetic moments 
were obtained via the method described by Evans12 and were 
performed in triplicate. Standard deviations are reported. The 
Mössbauer spectrum was recorded on a spectrometer from SEE 
Co. (formerly WEB Research Co.) operating in the constant ac-
celeration mode in a transmission geometry. The sample was 
kept in an SVT-300 cryostat from Janis (Wilmington, MA), us-
ing liquid N2 as a cryogen for 80 K measurements. Data analysis 
was performed using version 4 of the program WMOSS 
(www.wmoss.org) and quadrupole doublets were fit to Lo-
rentzian lineshapes.25  

Synthesis of 1-(2,3,5,6-tetramethylphenyl)butane-1,3-dione 
(1). A solution of 2,3,5,6-acetophenone (20.0 g, 0.113 mol) in 
250 mL of dry THF was refluxed with sodium hydride (6.00 g, 
0.250 mol) for 1 hour. The suspension was then cooled to room 
temperature and ethyl acetate (20.0 mL, 0.203 mol) was added 
dropwise. Following the addition, the mixture was refluxed 
again for 6 hours. After cooling to room temperature, the reac-
tion mixture was then quenched with 200 mL water, and then 
extracted with 200 mL of diethyl ether three times. The aqueous 
layer was then acidified with 35% hydrochloric acid and ex-
tracted again with 200 mL of ether three times. The ether ex-
tracts from the acidified aqueous layer were combined, dried 
over sodium sulfate, and the volatiles removed in vacuo. This 
procedure was repeated three times yielding a combined ~50 g 
of yellow oil, which was then distilled at 86 °C under vacuum 
(0.77 mm Hg) to yield a colorless oil which crystallized on cool-
ing to room temperature. Yield: 38 g (51%). 1H NMR (400 
MHz, CDCl3) δ 6.98 (s, 1H), 5.61 (s, 1H), 2.22 (s, 6H), 2.16 (s, 
3H), 2.15 (s, 6H). 13C NMR (101 MHz, CDCl3) δ 193.6, 189.8, 
137.4, 134.1, 132.0, 130.1, 103.1, 25.8, 19.7, 16.3. HRMS 
(ESI): m/z for C14H19O2 [M+H]+ calcd.: 219.1385, found: 
219.1375. 

Synthesis of 5-methyl-3-(2,3,5,6-tetramethylphenyl)-1H-py-
razole (2). A solution of 1 (38 g, 0.17 mol) in ethanol (50 mL) 
was added to a stirring solution of hydrazine monohydrate (10 
mL, 0.21 mmol)  in 200 mL ethanol, and the resulting solution 
brought to reflux. After 16 h, the reaction mixture was parti-
tioned between 400 mL of water and 400 mL of ether. The aque-
ous layer was extracted with 200 mL of ether three times. The 
combined ether extracts were washed twice with 100 mL of wa-
ter. The ether extract was subsequently dried over Na2SO4, and 
the volatiles removed in vacuo, resulting in a colorless crystal-
line solid. Yield: 35 g (94 %). 1H NMR (400 MHz, CDCl3) δ 
10.79 (br s, 1H), 6.99 (s, 1H), 5.91 (s, 1H), 2.23 (s, 6H), 2.21 (s, 
3H), 1.95 (s, 6H). 13C NMR (101 MHz, CDCl3) δ 146.2 (br), 
145.4 (br), 133.9, 133.5, 131.6 (br), 131.6, 105.5, 20.0, 16.8, 
12.5. HRMS (ESI): m/z for C14H19N2 [M+H]+ calcd.: 215.1548, 
found: 215.1567. 

Synthesis of Sodium bis(5-methyl-3-(2,3,5,6-tetra-
methylphenyl)-1-pyrazolyl)(3-methyl-5-(2,3,5,6-tetra-
methylphenyl)-1-pyrazolyl)hydroborate (NaTpDur,Me, 3). A hot 
Schlenk flask was charged with 2 (20.0 g, 93 mmol), evacuated, 
and then placed under nitrogen. Sodium borohydride (1 g, 26 
mmol) was added to the Schlenk flask under a flow of nitrogen. 
The flask was capped with a glass stopper under a dynamic 
pressure of N2 (i.e. an open system) and heated to 80°C and 
heated to 303°C for 3 hours, with the H2 byproduct venting 
through the Schlenk sidearm. After being allowed to cool to 
60°C, and the viscous oil was triturated with acetonitrile, yield-
ing a pure white solid. Yield: 10 g (56%). 1H NMR (600 MHz, 
C6D6) δ 6.99 (s, 1H), 6.94 (s, 2H), 5.95 (s, 1H), 5.85 (s, 2H), 
4.52 (br, 1H), 2.21 (s, 6H), 2.21 – 2.18 (m, 15H), 2.17 (d, 6H), 
2.02 (br s, 12H), 1.93 (s, 6H). 13C NMR (151 MHz, C6D6) δ 
151.0, 149.3, 147.4, 144.6, 137.6, 136.0, 134.4 (br), 134.1, 
133.2, 133.0, 131.2, 130.9, 104.9, 104.3, 20.3, 17.3 (br), 17.1, 
14.5, 13.1. HRMS (ESI): m/z for C42H54BN6 [M+2H]+ calcd.: 
653.4508, found: 653.4644. 

Synthesis of TpDur,MeFeCl (4). Under a nitrogen atmosphere, 
3 (2.00 g, 2.96 mmol) was dissolved in 80 mL of dry THF and 
combined with anhydrous FeCl2 (0.420 g, 3.31 mmol). The 
mixture was stirred for 4 hours, filtered through Celite, and con-
centrated to 10 mL in vacuo. The concentrate was layered with 
hexanes (20 mL), which precipitated colorless microcrystals. 
These were collected by filtration and washed with ether (5 
mL). Yield: 2.2 g (99%). 1H NMR (400 MHz, C6D6) δ (fwhm) 
61.31 (35.0 Hz), 58.52 (41.9 Hz), 56.76 (273.7 Hz), 44.97 (45.5 
Hz), 11.58 (14.9 Hz), 8.77 (39.3 Hz), 6.47 (15.7 Hz), 6.13 (22.4 
Hz), 3.64 (19.1 Hz), 1.46 (24.7 Hz), 1.43 (15.7 Hz), 0.24 (25.7 
Hz), −10.18 (157.1 Hz), −28.37 (140.3 Hz), −30.56 (181.4 Hz). 
Evans Method (C6D6): μB 5.2 ± 0.2. FTIR: νmax cm−1 2542 (B-
H). Calc. for C42H52BClFeN6: C 67.89; H 7.05; N 11.31. Found: 
C 68.06; H 7.03; N 11.31. 

Synthesis of (TpDur,MeFe)2(μ-N2) (5). To a solution of 4 (0.500 
g, 0.673 mmol) in 50 mL of toluene, potassium graphite (0.300 
g, 2.22 mmol) was added. The reaction was monitored by NMR 
until completion (ca 6 hours). The suspension was filtered 
through celite and the filtrate was concentrated to 20 mL in 
vacuo. Layering the filtrate with hexane (40 mL) provided dark 
red cubic crystals. Yield: 210 mg (43%). 1H NMR (400 MHz, 
d8-THF) δ (fwhm) 78.09 (559.8 Hz), 67.24 (230.4 Hz), 66.70 
(205.9 Hz), 54.50 (94.2 Hz), 12.02 (32.5 Hz), 6.89 (25.5 Hz), 
5.32 (131.7 Hz), −4.20 (179.5 Hz), −8.84 (59.1 Hz), −9.78 (60.8 
Hz), −17.27 (170.7 Hz), −29.15 (262.1 Hz). Evans Method (d8-
THF): μB 6.5 ± 0.1. FTIR: νmax cm−1 2540 (B-H). Raman: νmax 
cm−1 1770 (NN). UV-vis (THF): λmax (nm) (εmax (M−1cm−1)) 904 
(3.5 x 103), 520 (2.9 x 103), 436 (3.4 x 103). Calc. for 
C84H104B2Fe2N14: C 69.91; H 7.26; N 13.59. Found: C 69.81; H 
7.51; N 13.71. 

TpDur,MeFe(C6H6) (6). Under an argon atmosphere, 5 (80 mg, 
0.055 mmol) was dissolved in minimal benzene. The solvent 
was concentrated in vacuo to yield analytically pure black mi-
crocrystals. Yield: 87 mg (99%). 1H NMR (400 MHz, C6D6) δ 
(fwhm) 44.30 (21.5 Hz), 38.90 (32.8 Hz), 19.37 (89.6 Hz), 
11.18 (9.6 Hz), 9.81 (15.2 Hz), 6.58 (5.7 Hz), 6.11 (17.0 Hz), 
5.93 (11.0 Hz), 3.16 (8.7 Hz), 2.67 (5.4 Hz), 1.42 (7.9 Hz), 
−2.64 (14.89 Hz), −7.56 (63.0 Hz), −10.44 (154.5 Hz). 1H NMR 
(400 MHz, d8-THF, argon) δ (fwhm) 130.52 (540.4 Hz), 44.52 
(44.9 Hz), 38.68 (54.0 Hz), 19.31 (114.3 Hz), 11.26 (32.3 Hz), 
10.00 (38.7 Hz), 7.30 (10.0 Hz), 6.66 (26.0 Hz), 6.06 (41.9 Hz), 
6.00 (29.6 Hz), 3.32 (27.8 Hz), 2.78 (27.1 Hz), 0.89 (15.9 Hz), 



 

−2.68 (6.4 Hz), −7.67 (84.6 Hz), −10.98 (167.1 Hz). Evans 
Method (C6D6): μB 3.9 ± 0.1. UV-Vis (Benzene) λmax (nm) (εmax 
(M−1cm−1)) 765 (sh, 5.4 x 102), 579 (1.3 x 103), 384 (sh, 3.2 x 
103), 301 (sh, 6.4 x 103). Calc. for C48H58BFeN6: C 73.38; H 
7.44; N 10.70. Found: C 73.09; H 7.29; N 10.45. 

Synthesis of TpDur,MeFe(3,4-η2-PhCF3) (7). Under an argon at-
mosphere, 5 (50 mg, 0.035 mmol) was dissolved in trifluorotol-
uene (0.5 mL), producing a deep purple solution. The volatiles 
were removed in vacuo yielding purple glaze that was dissolved 
in pentane. Slow evaporation afforded crystals suitable for 
XRD. Yield: 59 mg (99%). 1H NMR (400 MHz, d8-THF) δ 
(fwhm) 56.28 (229.2 Hz), 46.68 (24.7 Hz), 39.52 (46.67 Hz), 
22.74 (146.3 Hz), 12.26 (21.1 Hz), 12.03 (11.0 Hz), 6.70 (12.7 
Hz), 6.58 (26.2 Hz), 6.54 (5.39 Hz), 2.79 (5.13 Hz), −7.27 (81.8 
Hz), −13.44 (203.4 Hz). Evans Method (C6D6): μB 3.9 ± 0.1. 
UV-Vis (Trifluorotoluene): λmax (nm) (εmax (M−1cm−1)) 752 (sh, 
5.1 x 102), 549 (1.6 x 103), 376 (sh, 3.4 x 103), 303 (sh, 7.0 x 
103). Calc. for C49H57BF3FeN6: C 68.94; H 6.73; N 9.84. Found: 
C 68.69; H 6.74; N 9.69. 

Synthesis of TpDur,MeFe(1,2-η2-napthalene) (8). Method 1: Po-
tassium naphthalenide・4/3 THF (74 mg, 0.363 mmol) was 
added to a solution of 4 (170 mg, 0.228 mmol) in toluene (12 
mL). The reaction was monitored by NMR until all of the start-
ing material was consumed (~4 hours). The reaction mixture 
was filtered through celite and concentrated in vacuo to 1 mL. 
Hexanes (4 mL) were added, and the mixture was cooled to 
−30°C, yielding dark olive-green crystals. Yield: 116 mg 
(61%). Method 2: Solid naphthalene (6 mg, 0.047 mmol) was 
added to a stirring solution of 5 (25 mg, 0.017 mmol) in toluene 
(2 mL). The solvent was concentrated in vacuo and layered with 
ether. Cooling to −30 °C overnight produced metallic olive-col-
ored crystals suitable for single-crystal XRD. Yield: 25 mg 
(86%). 1H NMR (400 MHz, C6D6) δ (fwhm) 121.91 (323.1 Hz), 
42.53 (30.4 Hz), 34.52 (67.1 Hz), 27.24 (248.6 Hz), 25.81 
(273.6 Hz), 12.41 (46.2 Hz), 12.12 (85.8 Hz), 11.12 (19.6 Hz), 
8.82 (42.5 Hz), 7.58 (4.1 Hz), 5.48 (13.5 Hz), 3.84 (15.0 Hz), 
3.65 (5.3 Hz), −12.27 (102.8 Hz), −18.70 (148.9 Hz). Evans 
Method (d8-THF): μB 3.7 ± 0.1. UV-vis (THF): λmax (nm) (εmax 
(M−1cm−1)) 921(sh, 1.6 x 102), 728 (sh, 3.6 x 102), 533 (6.7 x 
102), 391 (sh, 1.7 x 103). Calc. for C48H58BFeN6: C 74.73; H 
7.24; N 10.06. Found: C 74.47; H 7.40; N 10.77. 

Synthesis of TpDur,MeFe(1,2-η2-anthracene) (9). A stirring so-
lution of 5 (23 mg, 0.016 mmol) in toluene (2 mL) was treated 
with solid anthracene (8 mg, 0.05 mmol). The solution turned 
from dark green to dark plum within seconds. The solvent was 
concentrated to 1 mL in vacuo and layered with hexane (2 mL). 
Cooling to −19°C produced dark purple crystals suitable for sin-
gle-crystal XRD. Yield: 27 mg (96%). 1H NMR (400 MHz, 
C6D6) δ (fwhm) 139.28 (1036.8 Hz), 52.41 (424.0 Hz), 41.88 
(37.3 Hz), 34.59 (78.0 Hz), 21.52 (121.4 Hz), 15.00 (73.8 Hz), 
13.81 (61.8 Hz), 10.96 (23.0 Hz), 10.17 (101.8 Hz), 8.83 (50.2 
Hz), 7.65 (4.4 Hz), 5.22 (17.7 Hz), 3.86 (5.9 Hz), 3.71 (5.7 Hz), 
−12.39 (124.8 Hz), −18.33 (207.3 Hz). Evans Method (d8-
THF): μB 3.7 ± 0.2. UV-Vis (THF): λmax (nm) (εmax (M−1cm−1)) 
700 (sh, 1.3 x 103), 551 (sh, 2.1 x 103), 516 (2.3 x 103), 476 (sh, 
2.0 x 103), 402 (sh, 4.7 x 103). Calc. for C56H62BFeN6 (½ × 
C6H14): C 76.29; H 7.49; N 9.05. Found: C 76.66; H 7.67; N 
9.02. 

Synthesis of TpDur,MeFe(2,3-η2-furan) (10). Under an argon at-
mosphere, 5 (80 mg, 0.055 mmol) was dissolved in furan (1 
mL), producing a deep plum color. The solution was concen-
trated in vacuo to ~250 μL and layered with hexane (2 mL). 
Cooling to −19°C produced dark purple needles, suitable for 
XRD. Yield: 86 mg (99%). 1H NMR (400 MHz, d8-THF, argon) 
δ (fwhm) 59.66 (1552.5 Hz), 47.57 (1507.2 Hz), 36.73 (1311.7 
Hz), 30.00 (119.2 Hz), 21.76 (984.9 Hz), 9.52 (753.5 Hz), 7.48 
(66.2 Hz), 7.19 (81.8 Hz), 6.36 (90.0 Hz), 0.13 (114.8 Hz), 
−6.16 (602.6 Hz). Evans Method (d8-THF): μB 3.9 ± 0.1. UV-
Vis (THF): λmax (nm) (εmax (M−1cm−1)) 800 (p, 5.35 x 102), 561 
(p, 1.32 x103), 371 (sh, 3.18 x 103). Due to the high thermal 
sensitivity of this compound and despite repeated attempts, sat-
isfactory elemental analysis could not be obtained. Spectra are 
provided in the Supporting Information. 
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