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ABSTRACT: It has long been recognized that the first
intermediate in chemical reactions mediated by Fe(CO)5 is
Fe(CO)4. However, the extreme instability of this unsaturated,
high-spin species has hampered detailed structural and stoichio-
metric reactivity studies. The previously reported heteroleptic
complex Fe(N2)(CO)2(CNAr

Tripp2)2 (ArTripp2 = 2,6-(2,4,6-(i-
Pr)3C6H2)2C6H3), which is isolobal to Fe(CO)5, is shown here
to possess a labile dinitrogen ligand that allows it to perform
reactions analogous to Fe(CO)4. Specifically, Fe(N2)-
(CO)2(CNAr

Tripp2)2 oxidatively adds dihydrogen, white phospho-
rus, and the Si−H bonds of triethylsilane and phenylsilane readily
at room temperature and also binds tetrahydrofuran in the absence
of N2. Accordingly, Fe(N2)(CO)2(CNAr

Tripp2)2 effectively serves
as a masked form of Fe(CO)4, allowing for well-defined reactivity and structurally characterizable reaction products.

■ INTRODUCTION

The binary mononuclear iron carbonyl, Fe(CO)4, has long
been studied as a transient species and reaction intermediate in
organometallic chemistry.1−3 While Fe(CO)4 was first
mentioned in the literature in 1891 as the product formed
upon passage of carbon monoxide over activated iron,4 more
accurate measurements in a subsequent report corrected the
formula of this volatile iron carbonyl to Fe(CO)5.

5 The
existence of Fe(CO)4 was postulated again in 1905 as the
intermediate after CO dissociation in the decomposition of
Fe(CO)5 to Fe2(CO)9 in sunlight, the first reported photo-
reaction involving a metal carbonyl.5,6 Following this
observation, the photochemistry of Fe(CO)5 was thoroughly
explored throughout the 20th century, leading to the utilization
of photogenerated Fe(CO)4 as a reactive protagonist in
numerous catalytic processes such as olefin hydroformylation,
hydrogenation, hydrosilylation, and isomerization.7−11

While unstable under ambient conditions, Fe(CO)4 has
nonetheless been widely investigated by an array of techniques
including cryogenic matrix isolation,12,13 time-resolved infrared
spectroscopy (TRIR),14,15 and electron diffraction,16,17 which
has allowed for a considerable understanding of its geometric
and electronic structure properties.1−3,18−20 Given that a d8

electronic configuration possesses first-order Jahn−Teller
instability in an idealized tetrahedral ligand field, Burdett and
Hoffmann predicted that Fe(CO)4 would adopt a C2v, so-
called “saw-horse”, ground-state geometry (Scheme 1).
Consequently, the two highest-lying metal-based orbitals are

close in energy leading to a high-spin S = 1 electronic
configuration, unusual for a metal center bound exclusively by
strong-field ligands.21−23 Poliakoff provided the first exper-
imental evidence of C2v-symmetric Fe(CO)4 in various
matrices at 20 K by correlating bond angles derived from IR
spectroscopy with geometrical features predicted using
theoretical methods.13 Notably, the combined experimental
and theoretical treatment of Fe(CO)4 has concluded that it
possesses a triplet 3B2 ground state with an energetically
accessible singlet 1A1 excited state.18 This finding has rendered
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Scheme 1. Traditional Photolytic Pathway to Iron
Tetracarbonyl
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this simple species an important case study for examining the
effect of spin-state changes on structure and reactivity.20,24−28

The extensive study of Fe(CO)4 in various cryogenic
matrices has revealed dramatic reaction chemistry, which
includes methane (CH4) and xenon (Xe) binding.27,28

However, the short lifetime and highly reactive nature of this
species and its reaction products have precluded the
acquisition of detailed spectroscopic and structural
data.12,19,28 A notable exception to this has been the
unequivocal structure determination of the excited 1A1
electronic state of Fe(CO)4 in the gas phase using ultrafast
electron diffraction.17 To better understand the electronic
structure and reactivity of Fe(CO)4 in the solution phase, a
number of four-coordinate, formally iron(0) complexes have
been prepared utilizing olefins, N-heterocyclic carbenes
(NHCs), and/or phosphines as ancillary ligands (Chart 1).

However, as these ligands are far stronger σ-donors than CO,
or provide only one π-backbonding interaction, these differ-
ences have resulted in d-orbital splitting and electronic
configurations that are dissimilar to that of Fe(CO)4.
Consequently, the reaction chemistry of such complexes is
often divergent from that associated with this simple
tetracarbonyl species.29−35

Over the past several years, our group has focused on
generating kinetically stabilized analogues of some of the
classical unsaturated binary metal carbonyls through the use of
sterically encumbering m-terphenyl isocyanides.36−39 Isocya-
nides are well recognized as isolobal surrogates to CO as they
provide a σ-donor functionality along with two orthogonal π-
backbonding interactions. While organoisocyanides are both
stronger σ-donors and weaker π-acids relative to CO,40,41 they
generate a more precisely matched electronic structure

environment for binary metal carbonyl mimics than other
ancillary ligands. Accordingly, we have shown that m-terphenyl
isocyanide mimics of Mn(CO)5,

39,42 Co(CO)4,
38,43 and

Ni(CO)3
37,44 display the structural, spectroscopic, and

reactivity characteristics of their homoleptic carbonyl counter-
parts. For the case of an isocyanide mimic of Fe(CO)4, we
have previously reported the isolation of the tetraisocyanide
complex, Fe(N2)(CNArMes2)4 (ArMes2 = 2,6-(2,4,6-
Me3C6H2)2C6H3), which is ostensibly formed by N2 trapping
of the unobserved species [Fe(CNArMes2)4] in solution (Chart
1). This N2-trapping process is similar to that employed by
Whitmire for the solution phase trapping of Fe(CO)4 by
organophosphine ligands.45 While Fe(N2)(CNAr

Mes2)4 pro-
vided us with a potential access point to the chemistry of an
FeL4 species supported by isocyanide ligands, this complex did
not display good thermal stability properties under ambient
conditions. Indeed, although isolable at low temperature,
Fe(N2)(CNAr

Mes2)4 was observed to fully decompose over the
course of 4 h at room temperature in solution via an
intramolecular ligand C−H activation pathway.46 This degree
of C−H bond activation reactivity mimicked that of Fe(CO)4,
but did not allow for a conveniently handled system to further
explore reactivity pathways.
More recently, we reported the iron-dinitrogen complex,

Fe(N2)(CO)2(CNArTripp2)2 (1; ArTripp2 = 2,6-(2,4,6-(i-
Pr)3C6H2)2C6H3),

47 featuring a mixed carbonyl and isocyanide
ligand set (Chart 1). Relative to Fe(N2)(CNAr

Mes2)4, Fe(N2)-
(CO)2(CNAr

Tripp2)2 (1) displays enhanced thermal stability in
solution at room temperature. This increased stability, which is
enabled by the combination of increased steric protection of
the ArTripp2 ligands and electronic stabilization provided by the
two CO ligands, has allowed the reaction chemistry of
Fe(N2)(CO)2(CNAr

Tripp2)2 to be readily assessed. Accord-
ingly, in this report, we present a more detailed description of
Fe(N2)(CO)2(CNAr

Tripp2)2 (1) and the ability of the N2
ligand to be readily displaced by other substrates. We
demonstrate that this N2-stabilized FeL4 complex can
successfully display small-molecule binding and activation
chemistry in analogy to that of Fe(CO)4.

■ RESULTS AND DISCUSSION
The terminal dinitrogen complex Fe(N2)(CO)2(CNAr

Tripp2)2
(1) can be generated in good yield by oxidation of the formally
Fe(-II) precursor K2[Fe(CO)2(CNAr

Tripp2)2] with molecular
iodine (I2) in Et2O solution under an N2 atmosphere (Scheme
2).47 As in the case of Fe(N2)(CNAr

Mes2)4, it is likely that the
four-coordinate iron(0) species, Fe(CO)2(CNAr

Tripp2)2, is
formed fleetingly and is rapidly intercepted by N2. Notably,
when the oxidation of K2[Fe(CO)2(CNAr

Tripp2)2] is per-
formed under similar conditions in the absence of N2, an
intractable mixture is obtained from which only free
CNArT r i p p 2 and the t r i c a rbony l comp le x , Fe -
(CO)3(CNAr

Tripp2)2,
47 are identifiable by 1H NMR and

FTIR spectroscopy. Accordingly, despite the more encumber-
ing nature of the CNArTripp2 ligands and the increased π-acidity
properties of the CO ligands, an electronic environment in
which a four-coordinate zerovalent FeL4 complex can be
stabilized toward isolation is not achieved. In this respect, it is
important to note that, to date, isolable zerovalent FeL4
complexes all possess strongly σ-donating ancillary ligands.
This fact suggests that increasing ligand-field strengths via
strong σ-donation, rather than by the presence of significant π-
backbonding interactions, may be critical for stabilizing a four-

Chart 1. (Top) Selected Examples of Structurally-
Characterized Four-Coordinate Zerovalent Iron
Complexes; (Bottom) Dinitrogen-Stabilized m-Terphenyl
Isocyanide Complexes of Zerovalent Iron
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coordinate d8 iron center. This notion also further highlights
the inherent instability of Fe(CO)4, for which electronic, rather
than steric, features of the system clearly serve as the origin of
its short lifetime and inaccessibility toward isolation.
Orange-yellow crystals of Fe(N2)(CO)2(CNAr

Tripp2)2 (1)
can be readily obtained upon crystallization from 20:1 n-
pentane/benzene mixture at −35 °C. X-ray structural
determination of 1 revealed that it adopts a trigonal
bipyramidal coordination geometry in the solid state, with
axial isocyanides and an equatorial plane consisting of the two
CO ligands and N2 (Figure 1). The internuclear distance

between the Fe center and the bound nitrogen atom (d(Fe−
Nα = 1.8850(33) Å) is long relative to other iron terminal
dinitrogen complexes listed in the Cambridge Structural
Database (d(Fe−Nα)av = 1.821(±0.037) Å),48 thereby
suggesting inefficient d(Fe) → π*(Ν2) backbonding inter-
actions. This notion is supported by a short N−N distance of
1.1059(41) Å in the solid-state structure of 1, further
indicating limited activation of the bound N2 ligand. Such a
low degree of N2 activation in complex 1 is unsurprising, given
that the strongly π-acid character of both the CO and
isocyanide coligands serve to remove electron density from the

Fe center. In fact, the νNN stretch of the N2 ligand of 1 occurs
at 2194 cm−1, which is considerably higher in energy than
those reported previously for structurally characterized iron
terminal dinitrogen complexes (νNN = 2008−2143 cm−1).49 As
a point of comparison the νNN of 1 is found at nearly 130 cm−1

higher frequency than the more electron rich tetraisocyanide
complex Fe(N2)(CNAr

Mes2)4
46 and ca. 50 cm−1 lower than

Fe(N2)(CO)4, which has only been observed under cryogenic
matrix conditions.13 This spectroscopic ordering is consistent
with the intermediate σ-donor/π-acceptor ratio of a mixed
CO/isocyanide ligand set,40 and it suggests that the electron
density at iron in 1 more closely resembles that of
Fe(N2)(CO)4 than the tetraisocyanide complex Fe(N2)-
(CNArMes2)4. Importantly, all three of these isolobal species
adopt analogous trigonal bipyramidal coordination geometries,
with N2 bound at an equatorial site. It is important to note that
Fe(N2)(CO)4 was originally proposed to feature an axially
bound N2 ligand, but this structural assignment was later
revised to one where equatorial coordination of N2 is
preferred.13,50 In terms of its bulk purity, repeated micro-
analysis attempts on crystalline samples of 1 unfortunately
indicate the likely presence of substoichiometric inclusion of
KI. However, this impurity does not affect the chemistry
accessible to complex 1, especially as they pertain to the known
reactivity patterns of Fe(CO)4.
In contrast to the tetraisocyanide dinitrogen complex,

Fe(N2)(CNAr
Mes2)4, complex 1 shows reasonable stability in

benzene, n-pentane and Et2O solution under an N2
atmosphere and can be handled in these solvents at room
temperature without noticeable diminution in spectroscopic
purity over the course of approximately 30 min. However,
allowing 1 to stir in C6D6 solution at room temperature for 24
h results in its gradual decay to free CNArTipp2 and the
tricarbonyl complex, Fe(CO)3(CNAr

Tripp2)2,
47 which likely

forms via an intermolecular ligand redistribution process upon
dissociation of N2 (Scheme 2). Conversely, Fe(N2)-
(CNArMes2)4 decomposes through an intramolecular ligand
degradation pathway within ca. 4 h, and Fe(N2)(CO)4 has a
lifetime of significantly less than one second at room
temperature.46,50 Evidently, the electron withdrawing proper-
ties of CO along with the larger steric profile of CNArTripp2

discourage intramolecular decomposition processes for 1,
while also kinetically stabilizing the coordination of N2 to a
greater extent than either Fe(N2)(CNAr

Mes2)4 or Fe(N2)-
(CO)4.
Whereas complex 1 persists in relatively nonpolar solvents

under an N2 atmosphere, when placed in THF solution and
subjected to a vacuum, a distinctive darkening of the medium
to a brown color is observed. This color change indicated the
formation of a new species, as it contrasts with that observed
for the decomposition of 1 to the tricarbonyl complex
Fe(CO)3(CNAr

Tripp2)2, which is bright yellow and results in
a lightening of the reaction mixture. To isolate this darker-
colored compound, complex 1 was placed under an argon
atmosphere and stored overnight at −35 °C in a n-pentane/
THF mixture. This procedure deposited yellow-brown single
crystals, which were determined by X-ray diffraction to be the
THF-adduct Fe(THF)(CO)2(CNAr

Tripp2)2 (2) arising from
the loss of N2 (Scheme 3). As shown in Figure 2, complex 2
undergoes a substantial rearrangement of the ancillary ligand
set relative to 1, such that the equatorial plane now consists of
two isocyanides and one CO ligand, while axial positions are
occupied by THF and the other carbonyl ligand. For a five-

Scheme 2. Synthesis and Decomposition of the Dinitrogen
Complex 1

Figure 1. Molecular structure of Fe(N2)(CO)2(CNAr
Tripp2)2.

47

Selected bond distances (Å): Fe−N3 = 1.8850(33), N3−N4 =
1.1059(41).
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coordinate, nominally trigonal bipyramidal complex, this
rearrangement likely occurs to maximize π-backbonding
interactions from the filled iron dx2−y2 and dxy, orbitals by
placing three π-acidic ligands within the equatorial plane. Most
notably, while there are 291 crystallographically characterized
iron complexes featuring a THF ligand in the Cambridge
Structural Data Base,48 to our knowledge, complex 2 is the
only example where THF binds to a formally zerovalent Fe
center. We interpret this unusual observation as further
reflection of the instability of the [Fe(CO)2(CNR)2] fragment
and the seeming inability of the encumbering CNArTripp2

ligands to provide a stabilizing secondary bonding contact to

the zerovalent Fe center via π-arene interactions. As we have
shown previously, π-arene interactions from the flanking rings
of m-terphenyl isocyanides are commonly encountered when
coordinatively unsaturated, low-valent metal centers are
generated within these systems.46,51−56 While such interactions
are not observed prior to the formation of 2, it is important to
note that re-exposure of this THF-adduct to an N2 atmosphere
regenerates the terminal dinitrogen complex 1 (Scheme 3).
Accordingly, this substitution indicates that the THF ligand is
not electronically well matched for the low-valent Fe center,
despite being able to stabilize the complex to ligand
redistribution processes.
Wh e r e a s t h e f o u r - c o o r d i n a t e c omp l e x F e -

(CO)2(CNAr
Tripp2)2 is not amenable to isolation under the

conditions probed, we reasoned that the lability of the N2
ligand in complex 1 would enable reactivity analogous to
Fe(CO)4 in the presence of certain substrates. Accordingly, we
engaged complex 1 in a solution-phase reactivity survey with
substrates that have been established to react with Fe(CO)4
under matrix conditions, or in experiments where Fe(CO)4 has
been proposed to be generated photolytically. For example,
exposure of a C6D6 solution of 1 to an atmosphere of H2 led to
an immediate lightening in color to pale yellow. 1H NMR
spectroscopic analysis of the reaction mixture revealed the
complete conversion to a single new product with a hydride
resonance centered at δH = −9.46 ppm. In addition, the FTIR
spectrum of this mixture showed the disappearance of the νNN
stretch for complex 1, along with a ca. 25 cm−1 blueshift of the
asymmetric νCN stretch. The product was determined by
single-crystal X-ray diffraction to be cis,cis,trans-H2Fe-
(CO)2(CNAr

Tripp2)2 (3; Figure 3, Scheme 4), which serves
as an important analogue of H2Fe(CO)4, the first transition-
metal hydride complex described in the literature.57 The
dihydride complex H2Fe(CO)4 was first prepared through the
so-called Hieber base reaction between hydroxide (OH−) and
Fe(CO)5,

58 which has been employed for molecular water−gas
shift chemistry.59 Additionally, matrix-isolated Fe(CO)4 was
shown to react with H2 in the first instance of dihydrogen
oxidative addition to a metal center under cryogenic
conditions.60 Later, polyethylene film matrix isolation allowed
for the thermal reaction between Fe(N2)(CO)4 and H2 at 210
K in a more direct analogy to the reaction between 1 and H2
forming 3.50 Importantly, the more sterically protected
dihydride 3 retains its integrity at room temperature in both
solution and the solid state when exposed to a vacuum. This

Scheme 3. Reversible Formation of Complex 2 via
Substitution of N2 by THF

Figure 2. Molecular structure of Fe(THF)(CO)2(CNAr
Tripp2)2 (2).

Figure 3. Molecular structure of H2Fe(CO)2(CNAr
Tripp2)2 (3, left), HFe(SiEt3)(CO)2(CNAr

Tripp2)2 (4, middle), and HFe(SiH2Ph)-
(CO)2(CNAr

Tripp2)2 (5, right).
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behavior contrasts significantly with that of H2Fe(CO)4, which
liberates dihydrogen above −10 °C. Iron dihydrides of the type
H2Fe(PR3)4 and H2Fe(CO)2(PR3)2 have been crystallo-
graphically characterized; however, an important distinction
is that they are derived from hydride and proton sources and
not H2.

61−66

Unlike with H2, the direct oxidative addition of silane Si−H
bonds by Fe(CO)4 under matrix conditions or in the gas phase
has not been reported. However, it has been long established
that Fe(CO)5 can mediate olefin hydrosilylation in solution
under photolytic conditions in a process proposed to proceed
via the intermediacy of the tetracarbonyl Fe(CO)4.

10,11 To
provide mechanistic insight into the hydrosilylation process, it
has been shown that photolysis of Fe(CO)5 in the presence of
HSiPh3, HSiCl3, or HSiEt3 generates the corresponding
HFe(SiR3)(CO)4 complexes, which have been spectroscopi-
cally characterized.26,67,68 In order to obtain more definitive
structural information on silyl-hydride compounds of this type,
1 was treated with HSiEt3 at room temperature. Analysis of the
reaction mixture by 1H NMR spectroscopy revealed a hydride
resonance at δH = −9.45 ppm, which is effectively identical to
the hydride chemical shift found for the dihydride complex 3.
However, X-ray structural analysis of single crystals grown
from a n-pentane/Et2O mixture revealed the product to be the
hydrido-silyl complex HFe(SiEt3)(CO)2(CNAr

Tripp2)2 (4),
which possess a cis-disposition of the hydride and silyl ligands
(Figure 3, Scheme 4). Relative to 1, the asymmetric νCN
stretch of 3 shifts 20 cm−1 to lower frequency, whereas both
νCO stretches shift by ca. 40 cm−1 to higher frequency. Similar
results were obtained when the primary silane H3SiPh was
added to 1, resulting in the clean formation of HFe(SiH2Ph)-
(CO)2(CNAr

Tripp2)2 (5) as confirmed by 1H NMR spectros-
copy and X-ray diffraction (Figure 3, Scheme 4). It is worth
noting that Fe(N2)(CNAr

Mes2)4 has not been observed to
oxidatively add H2 or silanes. This lack of reactivity is
presumably a result of the steric congestion imposed by four
encumbering m-terphenyl isocyanides, which may either block
the approach of substrates larger than N2 or CO to the Fe
center or inhibit the structural rearrangements required to
accommodate two additional ligands within the primary
coordination sphere.
The results above show that complex 1 can replicate the

reactivity patterns of Fe(CO)4 with H2 and silanes following
the loss of dinitrogen. Whereas it has been previously

demonstrated that these substrates react with Fe(CO)4 in a
well-defined manner, we became interested in probing the
behavior of 1 toward substrates that have a more ill-defined
reactivity profile with Fe(CO)4. As the solution phase
reactivity of Fe(CO)4 is commonly accessed via UV-photolysis
of Fe(CO)5, it is important to note that its reactivity with
photosensitive substrates is either relatively unexplored or
proceeds via complex mechanisms involving reactive photo-
products. As an example, it has been long known that
photolysis of Fe(CO)5 in the presence of white phosphorus
(P4), which undergoes photolytic cleavage at wavelengths
below 300 nm,69,70 results in complex mixtures of multinuclear
and polymeric iron−phosphorus species.71,72 However, when
dinitrogen complex 1 is treated with 1.0 equiv of P4 in toluene
solution, clean conversion to a single new product is observed
by 1H NMR and IR spectroscopy. Structural determination by
X-ray diffraction on orange crystals of this product revealed it
to be the edge-opened P4 complex , Fe(κ2 -P4)-
(CO)2(CNAr

Tripp2)2 (6; Scheme 4, Figure 4), in which the

FeL4 fragment is inserted into one P−P bond of the P4
tetrahedron. This activation mode of white phosphorus has
been observed only for Group 4 and Group 9 transition
metals53,73−77 making compound 6 structurally unique among
iron-polyphosphorus complexes. However, it is worth noting
that three edge-opened P4 complexes of the formulation
Cp*Co(κ2-P4)L (L = CO, NHC, CNR) have been fully
characterized,53,74,76 which is in line with the qualitative
isolobal relationship between the [Fe(CO)4] and [CpCo-
(CO)] fragments.78

■ CONCLUSIONS
The work presented here shows that the dinitrogen complex
Fe(N2)(CO)2(CNAr

Tripp2)2 (1) effectively serves as a masked
source of a four-coordinate zerovalent iron species analogous
to Fe(CO)4. The combined ligand set of CO and CNArTripp2

effectively deactivates the intramolecular decomposition path-
way observed for tetra-isocyanide complex Fe(N2)-
(CNArMes2)4. Additionally, complex 1 is isolobal to matrix-
isolated Fe(N2)(CO)4, and the N2 ligand of both species has
been found to be substitutionally labile. In the absence of an
N2 atmosphere, the dinitrogen ligand in 1 can be substituted
by THF, which is an electronically mismatched donor ligand
for an electron-rich, zerovalent Fe center and highlights the

Scheme 4. Oxidative Addition Reactions Mediated by
Complex 1

Figure 4. Molecular structure of Fe(κ2-P4)(CO)2(CNAr
Tripp2)2 (6).
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inherent instability of the FeL4 core in a strongly π-acidic
ligand field. In addition, the N2 ligand within complex 1 can be
displaced by substrate molecules. This has been demonstrated
by the oxidative addition of E−H bonds (E = H, Si) to the Fe
center in 1 and finds analogy to the established chemistry of
Fe(CO)4. However, this reactivity contrasts with that of the
tetraisocyanide complex, Fe(N2)(CNAr

Mes2)4. Evidently, the
small steric profile of CO allows complex 1 to undergo the
necessary molecular rearrangements for small molecule
binding and activation, whereas the more congested Fe(N2)-
(CNArMes2)4 cannot accommodate additional substrates.
Accordingly, we describe diamagnetic compound 1 as a
masked analogue of Fe(CO)4 in the singlet spin state. Efforts
to extend the bond activation processes available to 1 to
catalytic systems analogous to the photochemistry of Fe(CO)5
are underway.

■ EXPERIMENTAL SECTION
General Considerations. All manipulations were carried out

under an atmosphere of purified dinitrogen using standard Schlenk
and glovebox techniques. Unless otherwise stated, reagent-grade
starting materials were purchased from commercial sources and either
used as received or purified by standard procedures.79 Solvents were
dried and deoxygenated according to standard procedures.80 Benzene-
d6 (Cambridge Isotope Laboratories) was distilled from NaK alloy/
benzophenone and stored over activated 3 Å molecular sieves for 2 d
prior to use. Celite 405 (Fisher Scientific) was dried under a vacuum
(24 h) at a temperature above 250 °C and stored in a glovebox prior
to use. Compounds CNArTripp2 and Fe(N2)(CO)2(CNAr

Tripp2)2 were
prepared as previously reported.41,47

Solution 1H and 13C{1H} NMR spectra were recorded on a Varian
500 MHz spectrometer equipped with a 5 mm X-Sens cold probe and
19F and 31P{1H} NMR Spectra were recorded on a JEOL ECA 500
spectrometer equipped with a broadband, inverse-detect 5 mm probe.
1H and 13C{1H} chemical shifts are reported in ppm relative to SiMe4
(1H and 13C δ = 0.0 ppm) with reference to residual solvent
resonances of 7.16 ppm (1H) and 128.06 ppm (13C) for C6D6.

19F
NMR chemical shifts were referenced externally to C6H5F (δ =
−113.11 ppm in C6D6).

71 31P{1H} NMR chemical shifts were
referenced externally to 85% H3PO4 (δ = 0 ppm). FTIR spectra were
recorded on a Thermo-Nicolet iS10 FTIR spectrometer. Samples
were prepared as C6D6 solutions injected into a ThermoFisher
solution cell equipped with KBr windows. Solvent peaks were digitally
subtracted from all solution FTIR spectra by comparison with an
authentic solvent spectrum obtained prior to that of the sample. The
following abbreviations were used for the intensities and character-
istics of important IR absorption bands: vs = very strong, s = strong,
m = medium, w = weak, vw = very weak, sh = shoulder. Combustion
analyses were performed by Midwest Micro Laboratories of
Indianapolis, IA. For all attempts, material that had been recrystallized
from the reaction mixture twice was analyzed for CHN content.
Despite multiple attempts to obtain satisfactory analyses, the
combustion results were consistently low. We postulate that KI
impurity from the synthesis of Fe(N2)(CO)(CNAr

Tripp2)2 is carried
forward in subsequent reactions. The best combustion analysis results
are reported, and full 1H and 13C{1H} NMR spectra are listed in the
Supporting Information to establish spectroscopic purity.
Synthesis of Fe(THF)(CO)2(CNAr

Tripp2)2 (2) from Fe(N2)-
(CO)2(CNAr

Tripp2)2 (1). Fe(N2)(CO)2(CNAr
Tripp2)2 (1, 0.050 g,

0.043 mmol) was brought into an argon-filled glovebox as a solid.
To this solid was added a 1:4 mixture of THF and n-pentane. The
solution immediately turned dark in color, and was then covered and
stored at −35 °C overnight. This process resulted in the deposition of
blackish-yellow crystals, which were isolated, subjected to a vacuum
briefly, and collected. Yield: 0.035 g; 0.029 mmol; 67%. 1H NMR
(499.8 MHz, THF-d8, 20 °C) δ = 7.24 (t, J = 7.6 Hz, 2H, p-Ph), 7.09
(d, J = 7.6 Hz, 4H, m-Ph), 6.98 (s, 8H, m-Tripp), 3.63 (br, 4H, THF),
2.88−2.64 (m, 12H, CH(CH3)2), 1.79 (br, 4H, THF), 1.26 (d, J = 6.9

Hz, 24H, CH(CH3)2), 1.12 (d, J = 6.9 Hz, 24H, CH(CH3)2), 1.07 (d,
J = 6.8 Hz, 24H, CH(CH3)2) ppm. 13C{1H} NMR (125.7 MHz,
THF-d8, 20 °C) δ = 220.8 (CO), 192.5 (CNR), 151.4, 149.7, 139.4,
137.6, 133.8, 128.4, 124.2, 70.2, 34.3, 25.3, 24.5, 24.3, 24.2 ppm.
FTIR (KBr windows, n-pentane, 25 °C) υCN = 2126 (m), 2079 (vs)
cm−1, υCO = 1957 (s), 1924 (s) cm−1, also 3057 (w), 2960 (vs), 2951
(s), 2870 (s), 2015 (m), 1609 (w), 1573 (w), 1417 (w), 1363 (vw),
1320 (w), 1243 (vw), 1169 (w), 1105 (vw), 1070 (vw), 1051 (vw),
942 (w), 876 (m), 802 (w), 756 (m), 643 (m), 600(s), 598 (sh), 476
(w) cm−1. Anal. Calcd for C80H106N2O3Fe: C, 80.10; H, 8.91; N, 2.34.
Found: C, 76.70; H, 8.59; N, 3.23. For complex 2, substoichiometric
loss of THF likely also contributes to poor combustion analysis
results.

Synthesis of Fe(THF)(CO)2(CNAr
Tripp2)2 (2) from K2[Fe-

(CO)2(CNAr
Tripp2)2]. A THF solution of I2 (0.022 g, 0.089 mmol, 1

mL) was added to a THF solution of K2Fe(CO)2(CNAr
Tripp2)2 (1,

0.120 g, 0.099 mmol, 3 mL) upon thawing under an Ar atmosphere.
The reaction was stirred at −35 °C for 1 h, during which time the
solution turned dark orange. The solvent was removed, and the
product was extracted with n-pentane. X-ray quality blackish-yellow
single crystals were grown from a concentrated solution at −35 °C
overnight. Yield: 0.085 g, 0.070 mmol, 80%.

Synthesis of H2Fe(CO)2(CNAr
Tripp2)2 (3). In a J. Young NMR

tube, a C6D6 solution of Fe(N2)(CO)2(CNAr
Tripp2)2 (1, 0.035 g,

0.030 mmol, 0.8 mL) was subjected to two freeze−pump−thaw cycles
and was exposed to an atmosphere of H2. The color quickly lightened
to pale yellow. The product mixture was brought back into a nitrogen-
filled glovebox, and volatiles were removed in vacuo. Single crystals
were grown from n-hexane/benzene (20:1, 1.5 mL) at −35 °C
overnight. Yield: 0.026 g, 0.023 mmol, 76%. 1H NMR (499.8 MHz,
C6D6, 20 °C) δ = 7.23 (s, 8H, m-Tripp), 6.98 (d, J = 7.5 Hz, 4H, m-
Ph), 6.88 (dd, J = 7.9, 7.2 Hz, 2H, p-Ph), 2.96 (sept, J = 6.9 Hz, 4H,
CH(CH3)2), 2.71 (sept, J = 6.8 Hz, 8H, CH(CH3)2), 1.38 (d, J = 6.9
Hz, 24H, CH(CH3)2), 1.33 (d, J = 6.9 Hz, 24H, CH(CH3)2), 1.18 (d,
J = 6.8 Hz, 24H, CH(CH3)2), −9.45 (s, 2H, FeH) ppm. 13C{1H}
NMR (125.7 MHz, C6D6, 20 °C) δ = 210.0 (CO), 175.5 (CNR),
149.3, 146.6, 139.0, 132.7, 129.9, 129.6, 127.2, 121.2, 35.0, 31.4, 24.8,
24.5, 24.2 ppm. FTIR (KBr windows, C6D6, 25 °C) υCN = 2164 (vw),
2102 (vs) cm−1, υCO = 2009 (s), 1978 (s) cm−1, also 3047 (w), 2962
(vs), 2932 (w), 2870 (s), 1608 (m), 1566 (w), 1543 (w), 1419 (w),
1385 (m), 1363 (w), 1315 (w), 1240 (vw), 1219 (w), 1196 (vw),
1149 (w), 1103 (vw), 1049 (w), 1022 (w), 1006 (w), 960 (vw), 941
(w), 922 (w), 879 (vw), 842 (w), 760 (w), 706 (vw), 671 (w) cm−1.
Anal. Calcd for C76H100N2O2Fe: C, 80.82; H, 8.92; N, 2.48. Found:
C, 74.68; 8.48, H; 2.60.

Synthesis of HFe(SiEt3)(CO)2(CNAr
Tripp2)2 (4). To a Et2O

solution of Fe(N2)(CO)2(CNAr
Tripp2)2 (1, 0.055 g, 0.048 mmol, 5

mL) was added a Et2O solution of triethylsilane (0.011 g, 0.096
mmol, 1 mL). The mixture was stirred for 15 min, after which time
the solvent and excess silane were removed by vacuum evaporation.
The yellow solid was dissolved in n-hexane/Et2O (10:1) for
recrystallization at −35 °C overnight producing pale yellow diffraction
quality samples. Yield: 0.056 g, 0.045 mmol, 94%. 1H NMR (499.8
MHz, C6D6, 20 °C) δ = 7.26 (s, 8H, m-Tripp), 7.01 (d, J = 7.6 Hz,
4H, m-Ph), 6.85 (t, J = 7.6 Hz, 2H, p-Ph), 2.97 (sept, J = 6.9 Hz, 4H,
CH(CH3)2), 2.78 (sept, J = 6.8 Hz, 8H, CH(CH3)2), 1.45 (d, J = 6.8
Hz, 24H, CH(CH3)2), 1.40 (d, J = 6.9 Hz, 24H, CH(CH3)2), 1.12 (d,
J = 6.7 Hz, 24H, CH(CH3)2), 0.82 (t, J = 7.7 Hz, 9H,
Si(CH2)3(CH3)3)), 0.31 (q, J = 7.7 Hz, 6H, Si(CH2)3(CH3)3),
−9.45 (s, 1H, FeH) ppm. 13C{1H} NMR (125.7 MHz, C6D6, 20 °C)
δ = 211.2 (CO), 178.94, 178.88 (CNR), 149.2, 146.5, 138.4, 133.4,
131.2, 130.0, 126.4, 121.6, 34.9, 31.3, 25.6, 24.4, 23.6, 11.0, 9.5 ppm.
FTIR (KBr windows, C6D6, 25 °C) υCN = 2118 (w), 2060 (vs) cm−1,
υCO = 1998 (s), 1967 (s) cm−1, also 3051 (w), 2956 (vs), 2934 (s),
2905 (s), 2870 (s), 1608 (m), 1566 (w), 1543 (w), 1415 (w), 1385
(w), 1362 (w), 1319 (w), 1238 (vw), 1196 (vw), 1149 (w), 1103
(vw), 1053 (vw), 1006 (w), 941 (w), 921 (w), 875 (w), 760 (w), 679
(w), 571 (m) cm−1. Anal. Calcd for C82H114N2O2SiFe: C, 79.19; H,
9.24; N, 2.25. Found: C, 76.24; 9.34, H, 2.67.
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Synthesis of HFe(SiH2Ph)(CO)2(CNAr
Tripp2)2 (5). To a Et2O

solution of Fe(N2)(CO)2(CNAr
Tripp2)2 (1, 0.105 g, 0.091 mmol, 6

mL) was added a Et2O solution of H3SiPh (0.020 g, 0.182 mmol, 2
mL). The mixture was stirred for 15 min, after which time the solvent
and excess silane were removed by a vacuum. Dissolution of the
product in n-hexane/benzene and storage at −35 °C for 3 d deposited
yellow crystals. Yield: 0.099 g, 0.079 mmol, 87%. 1H NMR (499.8
MHz, C6D6, 20 °C) δ = 7.33 (d, J = 6.4 Hz, 2H, o-PhSi), 7.23 (s, 8H,
m-Tripp), 6.98 (d, J = 7.6 Hz, 4H, m-Ph), 6.86 (t, J = 7.6 Hz, 2H, p-
Ph), 3.63 (dd, J = 2.3 Hz, 2H, SiH2), 2.96 (sept, J = 6.9 Hz, 4H,
CH(CH3)2), 2.73 (sept, J = 6.8 Hz, 8H, CH(CH3)2), 1.39 (d, J = 6.9
Hz, 24H, CH(CH3)2), 1.30 (d, J = 6.9 Hz, 24H, CH(CH3)2), 1.13 (d,
J = 6.8 Hz, 24H, CH(CH3)2), −9.96 (t, J = 1.9 Hz, 1H, FeH) ppm.
The m- and p-PhSi protons were obscured by m-terphenyl resonances.
13C{1H} NMR (125.7 MHz, C6D6, 20 °C) δ = 209.5 (CO), 175.5
(CNR), 149.3, 146.4, 142.3, 139.0, 135.8, 132.9, 130.3, 129.8, 127.4,
127.2, 127.0, 121.6, 35.1, 31.3, 25.0, 24.5, 23.9 ppm. FTIR (KBr
windows, C6D6, 25 °C) υCN = 2135 (sh), 2090 (vs) cm−1, υCO = 2013
(s), 1981 (s) cm−1, also 3047 (w), 2960 (vs), 2930 (s), 2904 (m),
2869 (s), 1608 (m), 1570 (w), 1542 (w), 1461 (m), 1427 (w), 1415
(w), 1385 (w), 1362 (w), 1319 (w), 1241 (vw), 1103 (vw), 1052 (w),
941 (m), 922 (w), 876 (w), 833 (w), 760 (w), 725 (vw), 698 (vw),
679 (vw), 640 (vw), 598 (m) cm−1. Anal. Calcd for
C82H106N2O2SiFe: C, 79.70; H, 8.65; N, 2.27. Found: C, 76.94;
8.84, H, 2.00.
Synthesis of Fe(κ2-P4)(CO)2(CNAr

Tripp2)2 (6). To a thawing
toluene solution of Fe(N2)(CO)2(CNAr

Tripp2)2 (1, 0.095 g, 0.082
mmol, 4 mL) was added a toluene solution of P4 (0.015 g, 0.123
mmol, 4 mL). The reaction mixture was stirred for 40 min, during
which time the solution turned from orange-yellow to red-orange.
The solvent was evaporated to dryness, and the resulting solid was
recrystallized from n-pentane (2 mL) at −35 °C over 12 h to give
orange single. Yield: 0.089 g, 0.070 mmol, 86% 1H NMR (499.8
MHz, C6D6, 20 °C) δ = 7.28 (s, 8H, m-Tripp), 7.07 (d, J = 7.6 Hz,
4H, m-Ph), 6.92 (t, J = 7.6 Hz, 2H, p-Ph), 2.97−2.85 (m, 12H,
CH(CH3)2), 1.52 (d, J = 6.9 Hz, 24H, CH(CH3)2), 1.31 (d, J = 6.9
Hz, 24H, CH(CH3)2), 1.17 (d, J = 6.8 Hz, 24H, CH(CH3)2) ppm.
13C{1H} NMR (125.7 MHz, C6D6, 20 °C) δ = 208.2 (CO), 170.2
(CNR), 149.6, 146.5, 139.6, 133.1, 130.7, 129.6, 127.6, 122.2, 35.1,
31.6, 25.0, 24.37, 24.34 ppm. 31P{1H} NMR (202.7 MHz, C6D6, 20
°C) δ = −254.0 (br s, 2P), −335.3 (br s, 2P) ppm. FTIR (KBr
windows, C6D6, 25 °C) υCN = 2129 (m), 2090 (vs) cm−1, υCO = 2009
(s), 1968 (s) cm−1, also 3047 (w), 2960 (vs), 2931 (s), 2904 (m),
2870 (s), 1608 (m), 1569 (w), 1542 (w), 1466 (w), 1415 (vw), 1384
(w), 1361 (vw), 1315 (w), 1261 (vw), 1238 (vw), 1196 (vw), 1149
(vw), 1103 (vw), 1053 (vw), 1018 (w), 941 (w), 922 (w), 879 (w),
760 (w), 732 (vw), 571 (w) cm−1. Despite attempts, satisfactory
combustion analysis was not obtained.
Crystallographic Structure Determinations. Single X-ray

structure determinations were performed at 100 K on Bruker Kappa
diffractometers equipped with Mo radiation source and an APEX-II
CCD area detector. All structures were solved via direct methods with
SHELXS81 and refined by full-matrix least-squares procedures using
SHELXL81 within the Olex282 software. Full details for data collection
and refinement can be found in the Supporting Information.
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