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ABSTRACT: The synthesis and characterization of a series of
novel iron complexes has been accomplished using a
monoanionic pincer bis(carbene) ligand framework. Metal-
ation first proceeded through an isolated Fe(II) zwitterionic
intermediate that was subsequently reduced in situ to Fe(0) to
facilitate oxidative addition of the aryl C−H bond, generating
the FeII−H complexes. Varying the L-type ligand on these
complexes exhibited profound effects, as observed by IR and
1H NMR spectroscopy. Higher oxidation states of Fe could also be supported in this ligand framework, as evidenced by the
isolation of two Fe(III) complexes. Treating an FeII−H complex with CO2 generated an Fe−formate complex (κ2-OOCH)
from insertion into the FeII−H bond. The independent synthesis of this molecule was accomplished by treating FeII−Cl with
excess NaOOCH.

■ INTRODUCTION

Pincer ligands have played a significant role in the develop-
ment of new transition-metal catalysts. These tridentate,
meridional frameworks are strong chelators and are easily
modified, making them ideal supports for catalysts capable of a
variety of transformations.1−4 Research efforts continue to
exploit ligand design to promote desired catalytic outcomes.
For example, strong chelation to the metal center potentially
minimizes catalyst degradation and electron-rich ligands (to
engender low-spin states on a transition metal) and redox-
active ligands have been specifically developed to aid in
multielectron reactivity on late first-row transition metals.5

Given the increased durability and activity demonstrated by N-
heterocyclic carbene (NHC) ligated catalysts in comparison to
their phosphine-based ligand counterparts, we sought a
suitable pincer bis(carbene) ligand to stabilize complexes
with iron.6

Numerous NHC-based pincer complexes have been
synthesized.7 However, bis(carbene) ligands featuring a phenyl
linker on late first-row transition metals are underdeveloped. In
fact, only our group and the Hollis group have demonstrated
the ability to effectively install a late first-row transition metal
into these types of systems.8 The limited number of examples
highlights the difficulty that arises in attempts to metalate these
systems, as activation of the backbone aryl C−H bond and
both protons of the benzimidazolium salt is necessary. Various
synthetic avenues have been employed for successful ligation of
the ligand to a transition metal, including oxidative addition
into the aryl C−H bond with Ni0(COD)2 as the initial report
of a first-row transition-metal CCC complex,8a the direct use of
metal−amide cobalt complexes,8b and transmetalation with

zirconium reported by the Hollis group (Scheme 1).8c

Interested in expanding this effort toward iron, we report a

different synthetic route to access (DIPPCCC)Fe complexes

(DIPPCCC = bis(diisoproplphenylbenzimidazol-2-ylidene)-

phenyl) which features an isolable zwitterionic intermediate.

This metalation strategy resulted in the formation of

iron−hydride complexes in high yield.
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Scheme 1. Previously Reported Protocols for Metalation
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■ RESULTS AND DISCUSSION

Synthesis of [H2(
DIPPCCC)]FeIICl3 (1). The initial explora-

tion of metalation strategies like those previously described for
cobalt or nickel with the DIPPCCC or MesCCC (MesCCC =
bis(mesitylbenzimdazol-2-ylidene)phenyl) ligand did not
afford the targeted (DIPPCCC)Fe products in appreciable
yields when the analogous iron sources and reaction conditions
were used.8a,b Therefore, a different synthetic route to access
the desired iron complexes was sought. Treatment of the
benzimidazolium ligand salt with FeCl2 and 1 equiv of
LiN(SiMe3)2 in THF generates the zwitterionic complex
[H2(

DIPPCCC)]FeIICl3 (1) in quantitative yields (Scheme 2).9

This compound displays a broadened, paramagnetic 1H NMR
spectrum. The solution magnetic moment of 1, as determined
by the Evans method,10a was found to be 5.73(5) μB, which is
consistent with the calculated spin−orbit coupled magnetic
moment of high-spin S = 2 tetrahedral Fe(II) complexes that
typically range from 5.1 to 5.7 μB.

10b In order to gain a better
understanding of the bonding in this complex, X-ray-quality

crystals of 1 were grown from DCM and hexanes at −35 °C
(Figure 1). The Fe(II) center is bound to a single carbene
ligand and three chlorides in a tetrahedral fashion with the
remaining benzimidazolium moiety providing the charge
balance.

Synthesis of (DIPPCCC)FeIIH(PMe3)(N2) (2-PMe3). After
synthesizing the zwitterionic complex 1, we explored strategies
to achieve the desired tridentate coordination of the ligand to
the iron center. Accessing a zwitterionic intermediate for
metalation has not been previously reported for monoanionic
bis(carbene) pincer complexes. The synthesis of the singly
coordinated NHC complexes with rhodium and iridium has
been reported, but only with a metal to ligand ratio of 2:1.11

The addition of excess reductant (KC8, 3.5 equiv), base
(LiN(SiMe3)2, 1.1 equiv), and trimethylphosphine (PMe3, 1
equiv) to complex 1 generates an Fe(0) intermediate in situ
which oxidatively adds into the aryl C−H bond, affording
(DIPPCCC)FeIIH(PMe3)(N2) (2-PMe3) in quantitative yield
(Scheme 2). This complex could also be generated, albeit in
low yields (30%), by adding base (KCH2Ph, 2.1 equiv) and

Scheme 2. Synthesis of Iron Complexes 1 and 2-L (L = PMe3, PPh3, Pyridine (Py))

Figure 1. Molecular structures of 1, 2-PMe3, 2-PPh3, and 5 shown with 50% probability ellipsoids and that of 6a shown with 30% probability
ellipsoids. Solvent molecules and selected hydrogen atoms have been omitted for clarity.
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Fe(PMe3)4 (1 equiv) to the benzimidazolium salt of the ligand.
Vibrational frequencies for the Fe−H and N2 were observed by
solution IR spectroscopy at 1724 and 2102 cm−1, respectively,
and by solid state ATR-IR at 1724 and 2099 cm−1 (Table 1).
Further characterization of 2-PMe3 by

1H NMR spectroscopy
revealed a spectrum consistent with a Cs-symmetric complex
and featured a distinct doublet at −9.67 ppm assigned as the
Fe−H (JP−H = 13 Hz) resonance (Figure 2). Given the low
coupling constant of less than 20 Hz, we tentatively assigned
the PMe3 bound cis to the hydride, as coupling constants for
trans P−H coupling are typically much higher in magnitude
(JP−H(trans) = 90−150 Hz) than cis P−H coupling (JP−H(cis) =
15−30 Hz).12 However, a reversal in this trend has been
observed by Guan and co-workers for (POCOP)FeIIH(PMe3)2
(POCOP = 2,6-(R2PO)2C6H3; R = iPr, Ph, tBu) complexes,
where JP−H(cis) > JP−H(trans).

13 Therefore, single-crystal dif-
fraction studies were undertaken on 2-PMe3 to determine the
actual conformation. These studies identified a distorted-
octahedral geometry about iron with PMe3 trans to the hydride
ligand and a bound N2 occupying the position trans to the CAr
carbon of the pincer ligand (Figure 1). This is in opposition to
our assignment based on P−H coupling constants, likely
indicating a trend reversal similar to that observed by Guan
and co-workers.13 The Fe−H bond distance (1.52(2) Å) for 2-
PMe3 is within the expected range for Fe−H, and the N−N
bond distance is relatively unactivated at 1.1078(17) Å. Meyer
and co-workers have reported the only other example of
tridentate coordination of a bis(carbene) ligand (NCC) to

iron.14 Therefore, 2-PMe3 represents a rare example of a
monoanionic bis(N-heterocyclic carbene) pincer iron complex
with the ligand bound in a tridentate fashion.
With this new metalation strategy, which quantitatively

generates H2(
DIPPCCC)FeIICl3 (1) and (DIPPCCC)FeIIH-

(PMe3)(N2) (2-PMe3), the synthesis and characterization of
a family of iron complexes featuring less Lewis basic ligands
such as PPh3 and pyridine (Py) was sought.

Synthesis of (DIPPCCC)FeIIH(L)(L′) (L = PPh3, L′ = N2 (2-
PPh3); L = Py, L′ = N2 (2-Py)). Following the previously
established protocol, the addition of excess reductant (KC8, 3.5
equiv), base (LiN(SiMe3)2, 1.1 equiv), and PPh3 or pyridine to
1 resulted in the formation of (DIPPCCC)FeIIH(PPh3)(N2) (2-
PPh3) and (DIPPCCC)FeIIH(Py)(N2) (2-Py) in quantitative
yields (Scheme 2). Both 2-PPh3 and 2-Py display 1H NMR
spectra simlar to that of 2-PMe3 with the most noticeable
difference being the Fe−H resonance that shifts upfield from
−9.67 ppm (2-PMe3) to −11.11 ppm (2-PPh3) and −18.70
ppm (2-Py) (Figure 2 and Table 1). Like 2-PMe3, the hydride
resonance for 2-PPh3 is a doublet (JP−H = 22.5 Hz) due to
coupling of the hydride to the phosphine ligand. The similar
JP−H coupling constant for 2-PPh3, in combination with steric
considerations, indicates the same trans orientation of the
ligated phosphine to the hydride as observed with 2-PMe3.
Both 2-PMe3 and 2-PPh3 have ATR-IR N2 stretches at 2099
cm−1, while 2-Py features a mildly red shifted N2 stretch at
2081 cm−1. The ATR-IR spectra for 2-PPh3 and 2-Py also
include a blue-shifted Fe−H absorption (νFe−H = 1791 and

Table 1. Selected IR and NMR Data for the Iron Hydride Complexes 2−4

complex IR νL/L′ (cm
−1) IR νFe−H (cm−1) 1H NMR (Fe−H, ppm) 31P NMR (ppm) JP−H (Hz)

2-PMe3 2099 (N2) 1722 −9.67 (d) 11 13
2-PPh3 2099 (N2) 1791 −11.11 (d) 50 22.5
2-Py 2081 (N2) 1794 −18.70 (s)
3-PMe3/CO 1948 1723 −10.96 (d) 10.5 4.5
3-PMe3/

tBuNC 2016 1723 −10.45 (d) 14.9 5
4-CO 1983, 1927 1724 −8.41 (s)
4-tBuNC 2047, 2002 1723 −8.87 (s)

Figure 2. 1H NMR spectra overlay of (DIPPCCC)FeIIH(L)(L′), upfield region only (C6D6, 25 °C).

Scheme 3. Synthesis of Iron Complexes 3-PMe3/CO, 3-PMe3/
tBuNC, 4-CO, and 4-tBuNC
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1794 cm−1, respectively) in comparison to 2-PMe3 (1722
cm−1) (Table 1). Crystals suitable for X-ray diffraction studies
were obtained from a concentrated hexanes solution of 2-PPh3
at −35 °C. Akin to 2-PMe3, the iron center of 2-PPh3 is in a
distorted-octahedral geometry with PPh3 trans to the hydride
ligand and a bound N2 occupying the position trans to the CAr
carbon of the pincer ligand (Figure 1). Analyses of the bond
lengths for 2-PMe3 and 2-PPh3 indicate that these are within
error of one another.
Though a variety of factors are likely contributing to the

shifts of the hydride resonances in the 1H NMR spectra,15 they
roughly correlate to the π-acceptor strength of the L-type
ligand. Although PPh3 is a better π acceptor than PMe3, the
steric constraints afforded by PPh3 cause an upfield shift of the
hydride resonance in comparison to 2-PMe3 (−11.11 ppm vs
−9.67 ppm, respectively). These effects were further validated
when 2-PMe3 and 2-PPh3 were compared to 2-Py; as pyridine
is a poor π acceptor, the hydride resonance shifts further
upfield to −18.70 ppm. This increase in hydridic character may
also influence the thermal instability of 2-Py, as it decomposes
in the solid state (and as a solution) over a few days if stored at
room temperature.
Synthesis of (DIPPCCC)FeIIH(L)(L′) (L = L′ = tBuNC

(4-tBuNC); L = L′ = CO (4-CO)). Interested in probing the L-
type ligand effects further, CO (1 atm) and excess tBuNC was
added to 2-PMe3 (Scheme 3). After monitoring by 1H NMR
spectroscopy for several hours, the kinetic products
(DIPPCCC)FeIIH(PMe3)(CO) (3-PMe3/CO) and (DIPPCCC)-
FeIIH(PMe3)(

tBuNC) (3-PMe3/
tBuNC) were identified. The

N2 stretch of 2-PMe3 disappears and a new CO stretch at 1948
cm−1 (free CO at 2143 cm−1) for 3-PMe3/CO can be
observed. The N−C stretch of 3-PMe3/

tBuNC appears at 2016
cm−1 (free tBuNC 2138 cm−1) (Table 1). The 1H NMR
spectra for both complexes feature a slightly upfield shifted
hydride doublet resonance at −10.96 ppm (JP−H = 4.5 Hz) for
3-PMe3/CO and −10.45 ppm (JP−H = 5 Hz) for 3-
PMe3/

tBuNC (Figure 1 and Table 1). The minimal change
in the JP−H coupling constants indicates no change in the
phosphine−hydride conformation, and 31P NMR spectroscopy
also confirms retention of the PMe3 ligand.
Monitoring the experiments in J. Young NMR tubes over 4

days by 1H NMR spectroscopy reveals a collapse of the Fe−H
resonance from a doublet to a singlet and a downfield shift of
the Fe−H resonances to −8.41 and −8.87 ppm for the
thermodynamic products (DIPPCCC)FeIIH(CO)2 (4-CO) and
(DIPPCCC)FeIIH(tBuNC)2 (4-

tBuNC), respectively (Scheme 3
and Figure 1). Analysis by IR spectroscopy also depicts two
C−O stretches at 1983 and 1927 cm−1 for 4-CO and two C−
N stretches at 2047 and 2002 cm−1 for 4-tBuNC, which are
distinct from the previously characterized mixed ligand species
(Table 1). Alternatively, complexes 4-CO and 4-tBuNC can
also be synthesized by displacing the pyridine and N2 ligands
from 2-Py with excess CO or tBuNC in THF (Scheme 3). An
immediate color change from purple to pale yellow is observed,
and no mixed ligand species is seen when the reaction is
monitored by 1H NMR spectroscopy. Additionally, the release
of the bound pyridine ligand can be tracked by 1H NMR
spectroscopy and generation of the desired complexes, 4-CO
and 4-tBuNC, was accomplished in increased yields (92% and
96%, respectively).
Comparison of the Fe−H complexes may provide some

insight into the electronics of our system. The overall trend
observed is that the more π accepting the L-type ligands, the

more downfield the hydride resonance (i.e., CO > tBuNC >
PR3 > pyridine) (Figure 1).15 The CAr resonances in the 13C
NMR spectra of 2-L follow the same trend as the Fe−H
resonances, shifting more downfield from 4-CO to 2-Py. IR
spectroscopy also corroborates this observed pattern (Table
1). While these complexes follow the trend outlined above,
recent studies have also indicated that the complexity and non-
linearity of spin−orbit coupling and diamagnetic and para-
magnetic anisotropic contributions are also factors for the
shifts in the Fe−H resonances.16

These contributions may help to explain the deviation in the
trend for 3-PMe3/CO and 3-PMe3/

tBuNC.16 Here an upfield
shift of the hydride resonance is observed, instead of
downfield, in the 1H NMR spectra in spite of the replacement
of the bound N2 with a more π accepting ligand. However, CO
and tBuNC are also more σ donating than N2; thus, a variety of
factors could be contributing to this effect.15 The upfield shift
is likely not due to ligand rearrangement in the mixed-ligand
species 3-PMe3/CO and 3-PMe3/

tBuNC, since (a) the JP−H
coupling constants did not change significantly throughout the
course of the reaction, (b) a significant downfield shift of the
Fe−H resonance in the 1H NMR spectra was not observed due
to the binding of the new π-acceptor ligand trans to the
hydride, and (c) no other intermediates were observed by 1H
NMR spectroscopy during the conversion of 3-PMe3/CO and
3-PMe3/

tBuNC to 4-CO and 4-tBuNC, respectively.
Reactivity of (DIPPCCC)FeIIH(PMe3)(N2) (2-PMe3). The

addition of HCl·Et2O (1 equiv) and PMe3 (2 equiv) to 2-
PMe3 furnished (DIPPCCC)FeIICl(PMe3)2 (5) in 90% yield,
concomitant with the formation of H2 (Scheme 4). Single-

crystal X-ray diffraction of 5 reveals an octahedral geometry
around the Fe center with the chloride ligand bound trans to
the CAr and two axial PMe3 ligands (Figure 2). The

1H NMR
spectrum and a single 31P NMR resonance (22.9 ppm)
obtained for 5 are consistent with a Cs-symmetric complex.
The 13C NMR CNHC resonance appears at 225.91 ppm, while
the CAr resonance appears at 189.69 ppm. Despite several
attempts, the use of other noncoordinating acids to generate
different FeII−X complexes led to a myriad of products.
Previously we have observed the ability to access high-valent

species for our CCC-ligated nickel and cobalt complexes8b,17

and are interested in accessing high-valent species with iron.
Toward this end, treatment of 2-PMe3 or 5 with one- and two-
electron oxidants was undertaken. Unfortunately, the addition
of two-electron oxidants did not lead to the isolation of any

Scheme 4. Synthesis of Iron Complexes 5 and 6a,b
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Fe(IV) species. The addition of the one-electron oxidant
ClCPh3 to 2-PMe3 or 5 led to only partial conversion to a new
paramagnetic product by 1H NMR spectroscopy. However, the
addition of chloroform to 2-PMe3 or 5 resulted in clean
conversion to the same product, (DIPPCCC)FeIIICl2(PMe3)
(6a), in 90% yield with concomitant formation of dichloro-
methane, as observed in the 1H NMR spectrum (Scheme 4).
Complex 6a exhibits a paramagnetic 1H NMR spectrum with
resonances ranging from 100 to −20 ppm (Figure S14).
Analysis of 6a by X-ray crystallography depicts a slightly
distorted octahedral Fe center with the two chloride ligands cis
to each other and Fe−Cl bond lengths of 2.362(3) Å (axial)
and 2.264(3) Å (equatorial) (Figure 1). Alternatively, another
high-valent iron complex, [(DIPPCCC)FeIIICl(PMe3)2](PF6)
(6b), could be generated upon the addition of AgPF6 to
complex 5 in dichloromethane (Scheme 4). 1H NMR
spectroscopy shows a paramagnetic spectrum similar to that
of 6a, and a 31P NMR resonance at 26.4 ppm indicates
retention of the C2 symmetry of 5 (22.9 ppm). A 31P NMR
resonance at −143.5 ppm and two 19F NMR resonances at
−72.05 and −73.57 ppm show incorporation of the PF6 anion
(Figure S15).
Reactivity of 2-PMe3 with CO2. Interested in exploring

the reactivity of this iron-hydride complex, we targeted
substrates that may insert into the Fe−H bond. The addition
of 1 atm of CO2(g) to 2-PMe3 led to insertion of the CO2 into
the Fe−H bond, resulting in formation of the iron−formate
complex (DIPPCCC)FeII(κ2−OOCH)(PMe3) (7) (Scheme 5).
This was evident by the loss of the hydridic resonance in the
1H NMR spectrum and the growth of a new resonance at 6.02
ppm for the formate proton (Figure 3). The 31P NMR
spectrum indicates retention of the PMe3 ligand with a singlet
at 42.65 ppm, shifted significantly from that of 2-PMe3 (11
ppm). Integration of the 1H NMR spectrum is consistent with
a single PMe3 ligand and no additional solvent molecules
bound to the Fe center. This suggests either a five-coordinate
Fe center or a multiatom-bound formate to achieve a

diamagnetic Fe(II) species. Analysis of 7 by IR spectroscopy
is consistent with the loss of both the Fe−H and N2
absorbances from 2-PMe3 and shows a new C−H stretch at
2815 cm−1 for the bound formate ligand. The C−H IR
absorbance falls within the region for known M−κ2-OOCH
complexes, although some M−κ1-OOCH complexes have
stretches in this same region.18 Looking more closely at the
fingerprint region reveals two stretches at 1562 cm−1. Peters
and co-workers characterized a variety of Fe−formate
complexes by IR spectroscopy and X-ray crystallography and
found their FeII(κ1-OOCH) complexes range from 1644 to
1603 cm−1 while their FeII(κ2-OOCH) complexes range from
1585 to 1553 cm−1.19 Therefore, the most likely conformation
of the product is (DIPPCCC)FeII(κ2-OOCH)(PMe3) (7) on
the basis of these comparisons. Efforts to crystallographically
characterize this new formate species were unsuccessful, and an
independent synthesis was investigated instead. The independ-
ent synthesis of complex 7 was achieved via the addition of
excess sodium formate to 5 (Scheme 5). Complex 5 could also
be regenerated from 7 by adding HCl·Et2O and PMe3
(Scheme 5).

■ CONCLUSION

A host of iron complexes featuring the DIPPCCC monoanionic
bis(carbene) pincer framework have been synthesized and
characterized. Metalation in excellent yield was achieved via
the isolation and further reduction of a zwitterionic FeII−NHC
complex. This method allowed for the isolation of several FeII−
H complexes with a host of different L-type ligands. Further
oxidation of the Fe center was carried out using chloroform
and AgPF6 to give two different Fe(III) complexes. The
reactivity of the Fe−H with CO2 was investigated, and a
(DIPPCCC)FeII(κ2-OOCH)(PMe3) complex was identified by
1H NMR and IR spectroscopy as well as independently
synthesized from (DIPPCCC)FeIICl(PMe3)2. This family of iron
complexes represents rare examples of iron ligated in a
tridentate fashion with bis(carbene)aryl pincer ligands.

Scheme 5. Synthesis of the Iron Complex (DIPPCCC)FeII(κ2-OOCH)(PMe3) (7)

Figure 3. 1H NMR spectra of 2-PMe3 (top) and 7 (bottom) (C6D6, 25 °C).
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■ EXPERIMENTAL SECTION
General Considerations. All air- and moisture-sensitive manip-

ulations were performed in an MBraun inert atmosphere drybox with
an atmosphere of nitrogen. The MBraun drybox was equipped with
one −35 °C freezer for cooling samples and crystallizations. Solvents
for sensitive manipulations were dried and deoxygenated on a Glass
Contour System (SG Water USA, Nashua, NH) and stored over 4 Å
molecular sieves purchased from Strem following the literature
procedure prior to use.20 Iron(II) chloride anhydrous (98%) was
purchased from Strem and used as received. Trimethylphosphine (1.0
M in THF), tert-butyl isocyanide (98%), hydrochloric acid (2.0 M in
Et2O), and pyridine (99.8%) were purchased from Sigma-Aldrich and
used as received. Triphenylphosphine (≥95% (GC)) was purchased
from Sigma-Aldrich, recrystallized using ethanol, and dried before use.
Lithium hexamethyldisilazide was purchased from Sigma-Aldrich and
recrystallized under an inert atmosphere using toluene prior to use.
Carbon monoxide (99.5%) and carbon dioxide (99.8%) were
purchased from Specialty Gases of America and used as received.
Iron(0) tetrakis(trimethylphosphine),13 potassium graphite,21 and the
l i g a n d [ H 3 (

D I P P C C C ) ] C l 2 ( D I P P C C C = b i s -
(diisopropylphenylimidazol-2-ylidene)phenyl)8b were prepared ac-
cording to literature procedures. Chloroform-d and benzene-d6 were
purchased from Cambridge Isotope Laboratories and were degassed
and stored over 4 Å molecular sieves prior to use. Celite 545 (J. T.
Baker) was dried in a Schlenk flask for 24 h under dynamic vacuum
while heating to at least 150 °C prior to use in a glovebox.

1H, 13C, and 31P NMR spectra were recorded on a Varian
spectrometer operating at 500 MHz (1H NMR), 126 MHz (13C
NMR), and 202.4 MHz (31P NMR) at ambient temperature. All
chemical shifts were reported relative to the peak of the residual
solvent as a standard. Solid-state infrared spectra were recorded using
a PerkinElmer Frontier FT-IR spectrophotometer equipped with a
KRS5 thallium bromide/iodide Universal Attenuated Total Reflec-
tance accessory. Solution-state infrared spectra were recorded using a
PerkinElmer Frontier FT-IR spectrophotometer. Elemental analysis
was performed by the University of Illinois at UrbanaChampaign
School of Chemical Sciences Microanalysis Laboratory in Urbana, IL.
Preparation of H2(

DIPPCCC)FeIICl3 (1). A 20 mL scintillation vial
was charged with [H3(

DIPPCCC)]Cl2 (0.071 g, 0.101 mmol) and
approximately 2 mL of THF. In two separate vials, 1 equiv of FeCl2
(0.028 g, 0.049 mmol) and 1.1 equiv of Li(NSiMe3)2 (0.019 g, 0.111
mmol) were dissolved in approximately 2 mL of THF each. The
FeCl2 was added to the off-white solution of the ligand, and the
LiN(SiMe3)2 was then added dropwise, resulting in an instantaneous
color change to green-brown. After it was stirred for 3 h, the solution
turned orange with a yellow precipitate. Solvents were removed under
reduced pressure, and the yellow residue was dissolved in DCM,
filtered over Celite, and the solvent again removed under reduced
pressure. The product, H2(

DIPPCCC)FeIICl3, was isolated as a yellow
solid (0.08 g, 0.101 mmol, >99%). Crystals suitable for X-ray analysis
were grown overnight from a concentrated solution of DCM and
hexanes at −35 °C. Anal. Calcd for C44H47N4FeCl3·0.1CH2Cl2: C,
66.00; H, 5.93; N, 6.98. Found: C, 65.84; H, 5.90; N, 7.10. 1H NMR
(CDCl3, 500 MHz): δ 18.39, 17.67, 15.67, 15.53, 15.03, 13.71, 11.18,
8.93, 8.52, 8.27, 7.48, 6.46, 6.13, 1.28, 0.89, −1.08, −1.22, −5.52,
−8.20. μeff = 5.73(5) μB.
Preparation of (DIPPCCC)FeIIH(PMe3)(N2) (2-PMe3). A 20 mL

scintillation vial was charged with H2(
DIPPCCC)FeIICl3 (1; 0.030 g,

0.038 mmol) and approximately 2 mL of toluene. A 1 equiv portion of
PMe3 (1.0 M THF, 0.04 mL, 0.038 mmol) was syringed into the vial.
A 3.5 equiv amount of KC8 (0.018 g, 0.133 mmol) was dissolved in 2
mL of THF. LiN(SiMe3)2 (0.007 g, 0.042 mmol, 1.1 equiv) was
dissolved in 1 mL of toluene. The LiN(SiMe3)2 was placed in the vial
of KC8 and the mixture added dropwise to the iron solution. The
reaction mixture was stirred at room temperature overnight, and the
volatiles were removed under reduced pressure. Pentane (2 mL) was
added to the solid and filtered over Celite; the filtrate was placed in
the freezer at −35 °C to crystallize. Benzene was then added to the
remaining solid and filtered over Celite until no further color washed

down. The volatiles were removed under pressure from the filtrate,
and the product as a yellow-red solid was obtained in good yield
(0.026 mg, 0.033 mmol, 87%). After collection of the crystalline
material from the pentane wash, the yield of product was quantitative.
Crystals suitable for X-ray analysis were grown overnight at room
temperature from a concentrated solution of pentane and toluene
(20:1). Anal. Calcd for C47H55N6FeP·C4H8O·0.1CH2Cl2: C, 70.43;
H, 7.31; N, 9.64. Found: C, 70.68; H, 6.93; N, 9.35. 1H NMR (C6D6,
500 MHz): δ −9.65 (d, J = 13 Hz, 1H, Fe-H), 0.60 (d, J = 7 Hz, 9H,
P(CH3)3), 0.73 (d, J = 7 Hz, 6H, iPr-CH3), 1.04 (d, J = 7 Hz, 6H, iPr-
CH3), 1.20 (d, J = 7 Hz, 6H, iPr-CH3), 1.27 (d, J = 7 Hz, 6H, iPr-
CH3), 2.68 (septet, J = 13 Hz, 2H, iPr-CH), 3.23 (septet, J = 13 Hz,
2H, iPr-CH), 6.6 (d, J = 7 Hz, 2H, Ar-CH), 6.89 (t, J = 7 Hz, 2H, Ar-
CH), 7.05 (t, J = 7 Hz, 2H, Ar-CH), 7.18 (b, 4H, Ar-CH), 7.24 (d, J =
7 Hz, 2H, Ar-CH), 7.37 (t, J = 7 Hz, 1H, Ar-CH), 7.62 (d, J = 7 Hz,
2H, Ar-CH), 7.84 (d, J = 7 Hz, 2H, Ar-CH). 13C NMR (C6D6, 126
MHz): δ 149.09, 146.99, 146.48, 140.90, 135.06, 132.20, 129.98,
128.59, 125.27, 123.62, 122.00, 121.13, 120.39, 110.51, 109.68,
105.94, 28.68, 28.46, 25.65, 25.06, 24.64, 23.77, 15.73, 15.57. 31P{1H}
NMR (C6D6, 202.4 MHz): δ 11.02 (1P, P(CH3)3). ATR-IR: 1723
cm−1 (Fe−H), 2099 cm−1 (N2). Solution-IR: 2102 cm−1 (N2).

Alternate Preparation of (DIPPCCC)FeIIH(PMe3)(N2) (2-PMe3).
A 20 mL scintillation vial was charged with [H3(

DIPPCCC)]Cl2 (0.028
g, 0.040 mmol) and approximately 4 mL of toluene. With vigorous
stirring, 2.1 equiv of benzylpotassium (0.011 g, 0.084 mmol) was
weighed by difference and added as an orange solid. After 1 h of
stirring at room temperature, the solution was filtered over Celite and
the filtrate was cooled to −35 °C. In a separate vial Fe(PMe3)4 (0.014
g, 0.039 mmol) was dissolved in approximately 3 mL of pentane. The
yellow solution was cooled to −35 °C. The filtrate, containing the free
carbene HDIPPCCC generated in situ, was added dropwise to the
iron(0) solution, resulting in a color change to brown. After 3 h of
stirring at room temperature, volatiles were removed under reduced
pressure. The brown-yellow residue was triturated with pentane,
affording isolation of the product as a yellow solid (9.5 mg, 0.012
mmol, 30%).

Preparation of (DIPPCCC)FeIIH(PPh3)(N2) (2-PPh3). A 20 mL
scintillation vial was charged with H2(

DIPPCCC)FeIICl3 (1; 0.030 g,
0.038 mmol) and approximately 2 mL of toluene. A 1 equiv portion of
PPh3 (0.010 g, 0.038 mmol) and 1.1 equiv of Li(N(SiMe3)2) (0.007
g, 0.042 mmol) were dissolved separately in 1 mL of toluene. A 3.5
equiv amount of KC8 (0.018 g, 0.133 mmol) was dissolved in 2 mL of
THF. The LiN(SiMe3)2) was added to the vial of KC8 and the PPh3
to the vial of the H2(

DIPPCCC)FeIICl3. The LiN(SiMe3)2/KC8
mixture was slowly added dropwise to the solution. The reaction
mixture was stirred at room temperature overnight, and the volatiles
were removed under reduced pressure. Pentane was added to the
solid and filtered over Celite until no further color washed down. The
volatiles were removed under pressure from the filtrate, and the
product as an orange solid was obtained in quantitative yield (0.037 g,
0.038 mmol, >99%). Crystals suitable for X-ray analysis were grown
overnight from a concentrated solution of hexanes at −35 °C. Anal.
Calcd for C62H61N6FeP·0.5C4H8O·0.5CH2Cl2: C, 73.39; H, 6.30; N,
7.96. Found: C, 73.41; H, 6.04; N, 7.55. 1H NMR (C6D6, 500 MHz):
δ −11.13 (d, J = 22.5 Hz, 1H, Fe-H), 0.70 (m, J = 7.5 Hz, 12H, iPr-
CH3), 0.90 (d, J = 6.5, 6H, iPr-CH3), 1.10 (d, J = 7 Hz, 6H, iPr-CH3),
2.53 (septet, J = 7 Hz, 2H, iPr-CH), 2.89 (septet, J = 7 Hz, 2H, iPr-
CH), 6.57 (m, 6H, Ar-CH), 6.70 (t, J = 7.5 Hz, 2H, Ar-CH), 6.78 (t, J
= 8.5 Hz, 4H, Ar-CH), 6.86 (t, J = 7.5 Hz, 2H, Ar-CH), 7.03 (m, 6H,
Ar-CH), 7.27 (m, 6H, Ar-CH), 7.37 (d, J = 7.5 Hz, 2H, Ar-CH), 7.50
(t, J = 7.5 Hz, 2H, Ar-CH), 7.63 (d, J = 8 Hz, 2H, Ar-CH). 13C NMR
(C6D6, 126 MHz): δ 230.10, 183.01, 149.10, 147.74, 147.02, 141.43,
137.64, 135.80, 132.99, 132.91, 132.54, 129.90, 129.51, 127.07,
127.01, 125.27, 123.83, 121.80, 120.87, 120.78, 110.97, 109.84,
106.05, 29.38, 28.43, 25.50, 25.38, 24.26, 22.58. 31P{1H} NMR
(C6D6, 202.4 MHz): δ 50 (1P, PPh3). IR: 1791 cm−1 (Fe−H), 2099
cm−1 (N2).

Preparation of (DIPPCCC)FeIIH(Pyr)(N2) (2-Py). A 20 mL
scintillation vial was charged with H2(

DIPPCCC)FeIICl3 (1; 0.030 g,
0.038 mmol) and approximately 2 mL of toluene. Excess pyridine (5
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drops) was added to the vial and 1.1 equiv of LiN(SiMe3)2 (0.007 g,
0.042 mmol) was dissolved in 2 mL of toluene. Three and a half
equivalents of KC8 (0.018 g, 0.133 mmol) was dissolved in 2 mL of
THF. The LiN(SiMe3)2 was added to the KC8 and then slowly added
dropwise to the reaction. The reaction was stirred at room
temperature overnight and the volatiles removed under reduced
pressure. Pentane was added to the solid and filtered over Celite until
no further color was washed down. The filtrate was concentrated
under reduced pressure and placed in the freezer at −35 °C to
crystallize. The product as a purple crystalline material was obtained
in good yield (0.027 mg, 0.034 mmol, 90%). Continued collection of
crystalline material from the filtrate eventually gave a quantitative
yield (0.029 g, 0.038 mmol, 99%). Anal. Calcd for C49H51FeN7·C7H8·
0.8C4H8O: C, 75.35; H, 6.99; N, 10.39. Found: C, 75.27; H, 6.64; N,
10.07. 1H NMR (C6D6, 500 MHz): δ −18.69 (s, 1H, Fe-H), 0.78 (d, J
= 6.5 Hz, 6H, iPr-CH3), 0.79 (d, J = 6.5 Hz, 6H, iPr-CH3), 0.85 (d, J
= 6.5 Hz, 6H, iPr-CH3), 1.24 (d, J = 6.5 Hz, iPr-CH3), 2.64 (septet, J
= 7 Hz, 2H, iPr-CH), 2.84 (septet, J = 7 Hz, 2H, iPr-CH), 6.01 (d, J =
6.5 Hz, 2H, Ar-CH), 6.40 (t, J = 7.5 Hz, 1H, Ar-CH), 6.63 (d, J = 7.5
Hz, 2H, Ar-CH), 6.88 (d, J = 7.5 Hz, 2H, Ar-CH), 7.04 (t, J = 7.5 Hz,
2H, Ar-CH), 7.20 (d, J = 8 Hz, 2H, Ar-CH), 7.25 (d, J = 7.5 Hz, 2H,
Ar-CH), 7.33 (t, J = 7.5 Hz, 2H, Ar-CH), 7.48 (t, J = 7.5 Hz, 1H, Ar-
CH), 7.74 (d, J = 8 Hz, 2H, Ar-CH), 7.87 (d, J = 8 Hz, 2H, Ar-CH),
8.12 (d, J = 5.5 Hz, 2H, Ar-CH). 13C NMR (C6D6, 126 MHz): δ
229.28, 191.95, 154.47, 149.09, 148.69, 146.87, 140.49, 134.97,
132.70, 132.62, 130.06, 125.20, 123.80, 122.85, 122.00, 121.10,
120.96, 110.42, 109.78, 106.59, 28.64, 28.56, 26.14, 25.21, 24.29,
23.35. IR: 1794 cm−1 (Fe−H), 2081 cm−1 (N2).
Preparation of (DIPPCCC)FeIIH(CO)2 (4-CO). A 50 mL Schlenk

flask was charged with (DIPPCCC)FeIIH(PMe3)(N2) (2-PMe3) (0.020
g, 0.025 mmol) and approximately 5 mL of benzene. CO gas (4 atm)
was added to the flask after freeze−pump−thawing. The reaction
mixture was stirred at room temperature over several days and turned
slowly from red to pale yellow, and the volatiles were removed under
reduced pressure. The product (DIPPCCC)FeIIH(CO)2 was obtained
as a pale yellow solid in high yield (0.015 g, 0.02 mmol, 80%). Anal.
Calcd for C46H46N4O2Fe·0.3CH2Cl2: C, 72.39; H, 6.11; N, 7.29.
Found: C, 72.65; H, 5.96; N, 7.36. 1H NMR (C6D6, 500 MHz): δ
−8.42 (s, 1H, Fe-H), 0.77 (d, J = 6.5 Hz, 6H, iPr-CH3), 0.87 (d, J = 7
Hz, 6H, iPr-CH3), 1.13 (d, J = 6.5 Hz, 6H, iPr-CH3), 1.44 (d, J = 6.5
Hz, 6H, iPr-CH3), 2.36 (septet, J = 7 Hz, 2H, iPr-CH), 2.98 (septet, J
= 7 Hz, 2H, iPr-CH), 6.57 (d, J = 8 Hz, 2H, Ar-CH), 6.86 (t, J = 7.5
Hz, 2H, Ar-CH), 7.04 (t, J = 7.5 Hz, 2H, Ar-CH), 7.10 (d, J = 8 Hz,
2H, Ar-CH), 7.18 (m, 2H, Ar-CH) 7.23 (d, J = 8 Hz, 2H, Ar-CH),
7.43 (t, J = 8 Hz, 1H, Ar-CH), 7.61 (d, J = 8 Hz, 2H, Ar-CH), 7.72 (d,
J = 8 Hz, 2H, Ar-CH). 13C NMR (C6D6, 126 MHz): δ 220.05, 214.04,
209.82, 174.82, 147.81, 147.66, 146.91, 139.20, 133.57, 131.84,
130.63, 124.85, 124.49, 122.93, 122.88, 122.19, 111.07, 110.86,
108.16, 28.78, 28.60, 25.85, 24.84, 23.84, 23.54. IR: 1983, 1927 cm−1

(C−O).
Alternate Preparation of (DIPPCCC)FeIIH(CO)2 (4-CO). A 50 mL

Schlenk flask was charged with (DIPPCCC)FeIIH(Pyr)(N2) (2-Py;
0.020 g, 0.025 mmol) and approximately 5 mL of benzene. CO gas (4
atm) was added to the flask after freeze−pump−thawing. The
reaction mixture immediately changed from purple to pale yellow.
The volatiles were removed under reduced pressure. The product
(DIPPCCC)FeIIH(CO)2 was obtained as a pale yellow solid in high
yield (0.017 mg, 0.023 mmol, 92%).
Preparation of (DIPPCCC)FeIIH(tBuNC)2 (4-tBuNC). A 20 mL

scintillation vial was charged with (DIPPCCC)FeIIH(PMe3)(N2) (2-
PMe3; 0.020 g, 0.025 mmol) and approximately 5 mL of THF. Excess
tert-butyl isocyanide (5eq, 0.014 mL, 0.125 mmol) was added to the
vial. The reaction mixture was stirred at room temperature over
several days and turned slowly from orange to yellow-green. The
volatiles were removed under reduced pressure, and the product
(DIPPCCC)FeIIH(tBuNC)2 was obtained as a pale yellow solid in high
yield (0.018 g, 0.021 mmol, 84%). Anal. Calcd for C54H64N6Fe·
0.3CH2Cl2: C, 74.24; H, 7.41; N, 9.57. Found: C, 74.36; H, 7.27; N,
9.21. 1H NMR (C6D6, 500 MHz): δ −8.82 (s, 1H, Fe-H), 0.61 (s, 9H,
tBu-(CH3)3), 0.62 (s, 9H, tBu-(CH3)3), 0.82 (d, J = 6.5 Hz, 6H, iPr-

CH3), 1.03 (d, J = 7 Hz, 6H, iPr-CH3), 1.31 (d, J = 6.5 Hz, 6H, iPr-
CH3), 1.51 (d, J = 7 Hz, 6H, iPr- CH3), 2.87 (septet, J = 7 Hz, 2H,
iPr-CH), 3.34 (septet, J = 7 Hz, 2H, iPr-CH), 6.27 (d, J = 8 Hz, 2H,
Ar-CH), 6.84 (t, J = 7.5 Hz, 2H, Ar-CH), 7.04 (t, J = 7.5 Hz, 2H, Ar-
CH), 7.19 (d, J = 8 Hz, 2H, Ar-CH), 7.25 (d, J = 7.5 Hz, 2H, Ar-CH),
7.31 (t, J = 7.5 Hz, 2H, Ar-CH), 7.53 (t, J = 8 Hz, 1H, Ar-CH), 7.84
(d, J = 7.5 Hz, 2H, Ar-CH), 7.97 (d, J = 8 Hz, 2H, Ar-CH). 13C NMR
(C6D6, 126 MHz): δ 228.03, 187.33, 186.39, 175.31, 148.70, 147.96,
146.97, 140.85, 136.53, 132.06, 129.48, 125.14, 124.80, 122.10,
120.98, 120.02, 109.60, 109.49, 106.00, 55.39, 54.15, 31.27, 31.17,
28.69, 28.53, 25.14, 24.94, 24.59, 23.74. IR: 2047, 2002 cm−1 (C−N).

Alternate Preparation of (DIPPCCC)FeIIH(tBuNC)2 (4-
tBuNC). A

20 mL scintillation vial was charged with (DIPPCCC)FeIIH(Pyr)(N2)
(2-Py; 0.020 g, 0.025 mmol) and approximately 5 mL of THF. Excess
tert-butyl isocyanide (3 equiv, 0.008 mL, 0.075 mmol) was added to
the vial. The reaction mixture immediately changed from purple to
yellow-green. The volatiles were removed under reduced pressure,
and the product (DIPPCCC)FeIIH(tBuNC)2 was obtained as a pale
yellow solid in high yield (0.021 mg, 0.024 mmol, 96%).

Preparation of (DIPPCCC)FeIICl(PMe3)2 (5). A 20 mL scintillation
vial was charged with (DIPPCCC)FeIIH(PMe3)(N2) (2-PMe3; 0.020 g,
0.025 mmol) and approximately 3 mL of THF. With vigorous stirring,
2 equiv of PMe3 (1.0 M THF, 0.05 mL, 0.05 mmol) was syringed into
the vial followed by 1.1 equiv of HCl·Et2O (2.0 M Et2O, 0.014 mL,
0.0275 mmol), resulting in a dark red solution. The solution was
stirred overnight at room temperature, and the volatiles were removed
under reduced pressure, giving the pure product (0.020 g, 0.023
mmol, 92%). Crystals suitable for X-ray analysis were grown from
DCM. Anal. Calcd for C50H63N4FeClP2·0.8CH2Cl2: C, 64.82; H,
6.92; N, 5.95. Found: C, 64.55; H, 6.69; N, 6.38. 1H NMR (C6D6,
500 MHz): δ 0.47 (s, 18H, (P(CH3)3)2), 0.90 (d, J = 6.6 Hz, 12H,
iPr-CH3), 1.26 (d, J = 6.5 Hz, 12H, iPr-CH3), 2.95 (septet, J = 6.5 Hz,
4H, iPr-CH), 6.73 (d, J = 8 Hz, 2H, Ar-CH), 6.88 (t, J = 7.5 Hz, 2H,
Ar-CH), 7.07 (t, J = 7.6 Hz, 2H, Ar-CH), 7.20 (d, J = 7.8 Hz, 4H, Ar-
CH), 7.24 (t, J = 6.5 Hz, 2H, Ar-CH), 7.33 (t, J = 7 Hz, 1H, Ar-CH),
7.63 (d, J = 7.7 Hz, 2H, Ar-CH), 7.91 (d, J = 8 Hz, 2H, Ar-CH). 13C
NMR (C6D6, 126 MHz): δ 225.91, 189.69, 149.52, 147.67, 141.94,
135.62, 132.10, 129.79, 124.32, 122.23, 121.15, 118.60, 112.79,
109.29, 106.79, 29.21, 26.48, 23.69, 16.57. 31P{1H} NMR (C6D6,
202.4 MHz): δ 22.90 (1P, P(CH3)3).

Preparation of (DIPPCCC)FeIII(Cl)2(PMe3) (6a). A 20 mL
scintillation vial was charged with (DIPPCCC)FeIICl(PMe3)2 (5;
0.020 g, 0.0229 mmol) or (DIPPCCC)FeIIH(PMe3)(N2) (2-PMe3;
0.020 g 0.025 mmol), excess chloroform (CHCl3) was added, and the
mixture was stirred at room temperature for 20 min. The red solid
changed to a dark green solution. The volatiles were then removed
under reduced pressure to yield the pure product (0.017 g, 0.021
mmol, 92%). Crystals suitable for X-ray analysis were grown from
DCM and pentane. Anal. Calcd for C47H54N4FeCl2P·1.35CH2Cl2: C,
61.3; H, 6.03; N, 5.91. Found: C, 61.3; H, 5.68; N, 5.96. 1H NMR
(CDCl3, 500 MHz): δ −19.35, −2.92, −1.19, 0.42, 1.09, 1.22, 1.41,
1.54, 2.37, 2.70, 6.44, 6.88, 7.40, 7.60, 8.56, 8.91, 11.21, 15.69, 20.49,
80.17, 100.51. μeff = 2.81 μB.
Preparation of [(DIPPCCC)FeIIICl(PMe3)2](PF6) (6b). A 20 mL

scintillation vial was charged with (DIPPCCC)FeIICl(PMe3)2 (2-PMe;
0.020 g, 0.0229 mmol) and approximately 3 mL of THF. Silver
hexafluorophosphate (0.058 g, 0.0229 mmol) was dissolved in a
separate vial in 2 mL of THF and added to the solution dropwise. The
solution was stirred at room temperature overnight, and the red
solution changed to dark green with a precipitate, which was filtered
off through Celite. The volatiles were removed under reduced
pressure, yielding the product, which was recrystallized by a slow
diffusion of pentane into DCM (0.022 g, 0.022 mmol, 95%). Anal.
Calcd for C50H63N4FeClP3F6·0.2CH2Cl2: C, 58.24; H, 6.17; N, 5.41.
Found: C, 58.36; H, 6.36; N, 5.29. 1H NMR (C6D6, 21 °C): δ
−19.52, −3.01, −1.24, 1.25, 1.88, 2.19, 4.50, 6.40, 7.53, 8.11, 8.49,
8.85, 10.91, 14.92, 19.52. 31P{1H} NMR (C6D6, 21 °C): δ 26.40 (1P,
P(CH3)2), −143.50 (1P, PF6).

19F{1H} NMR (C6D6, 21 °C): δ
−72.05, −73.57 (PF6).
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Preparation of (DIPPCCC)FeII(κ2-OOCH)(PMe3) (7). A 50 mL
Schlenk flask was charged with (DIPPCCC)FeIIH(PMe3)(N2) (2-
PMe3; 0.020 g, 0.025 mmol) and approximately 3 mL of benzene.
The reaction mixture was stirred at room temperature under an
atmosphere of CO2 for 36 h. The volatiles were removed under
reduced pressure, and the product, (DIPPCCC)FeII(κ2-OOCH)-
(PMe3), was obtained as a red-purple solid. Pentane was added, the
solution was filtered over Celite, and the filtrate was placed in the
freezer at −35 °C to crystallize. Red-purple needle crystals were
obtained in 60% yield (0.012 g, 0.015 mmol). Concentrating the
filtrate a second time yielded more red-purple crystals. 1H NMR
(C6D6, 21 °C): δ 0.22 (d, J = 8.5 Hz, 9H, (P(CH3)3)2), 0.69 (d, J =
6.5 Hz, 6H, iPr-CH3), 1.00 (d, J = 7 Hz, 6H, iPr-CH3), 1.11 (d, J =
6.5 Hz, 6H, iPr-CH3), 1.47 (d, J = 7 Hz, 6H, iPr-CH3), 2.16 (septet, J
= 6.5 Hz, 2H, iPr-CH), 3.75 (septet, J = 7 Hz, 2H, iPr-CH), 6.02 (d, J
= 4 Hz, 1H, OOCH), 6.79 (d, J = 8 Hz, 2H, Ar-CH), 6.95 (t, J = 7.5
Hz, 2H, Ar-CH), 7.01 (d, J = 7.5 Hz, 2H, Ar-CH), 7.11 (t, J = 8 Hz,
2H, Ar-CH), 7.18 (m, 2H, Ar-CH) 7.21 (t, J = 7.5 Hz, 2H, Ar-CH),
7.30 (t, J = 8 Hz, 1H, Ar-CH), 7.68 (d, J = 7.5 Hz, 2H, Ar-CH), 7.98
(d, J = 8 Hz, 2H, Ar-CH). 31P{1H} NMR (C6D6, 202.4 MHz): 42.65
(1P, P(CH3)3). IR: 2815 cm−1 (OOCH), 1562 cm−1 (OOCH), 1276
cm−1 (OOCH). Decarboxylation of 7 to 2-PMe3 precluded
characterization by 13C NMR spectroscopy and CHN analysis.
Alternate Preparation of (DIPPCCC)FeII(κ2-OOCH)(PMe3). A 20

mL scintillation vial was charged with (DIPPCCC)FeIICl(PMe3)2 (5;
0.020 g, 0.023 mmol) and approximately 5 mL of THF. Excess
sodium formate (10 equiv, 0.016 g, 0.23 mmol) was placed in the vial.
The reaction mixture was stirred at room temperature for 4 days,
changing from red-orange to purple. The volatiles were removed
under reduced pressure. Pentane was added, and the solution was
filtered over Celite. The volatiles were removed under reduced
pressure, and the product, (DIPPCCC)FeII(κ2-OOCH)(PMe3), was
obtained as a red-purple solid (0.012 g, 0.015 mmol, 64%).
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