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Abstract

We report the first Fe—CPhgz complex, and show that the long Fe—C bond can be disrupted by
neutral rc-acceptor ligands (benzophenone and phenylacetylene) to release the triphenylmethyl
radical. The products are formally iron(l) complexes, but X-ray absorption spectroscopy coupled
with density functional and multireference ab /nitio calculations indicates that the best description
of all the complexes is iron(ll). In the formally iron(l) complexes, this does not imply that the -
acceptor ligand has radical character, because the iron(I1) description arises from doubly-occupied
frontier molecular orbitals that are shared equitably by the iron and the rt-acceptor ligand, and the
unpaired electrons lie on the metal. Despite the lack of substantial radical character on the ligands,
alkyne and ketone fragments can couple to form a high-spin iron(l11) complex with a cyclized
metalladihydrofuran core.
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INTRODUCTION

The assignment of ligands as "anionic" or "neutral™ in the ionic electron counting formalism
is typically done using rules about whether the free fragment has an all-octet Lewis
structure. The assignment is more challenging to accomplish experimentally, because metal-
ligand bonds have substantial covalency.! With "anionic" alky! ligands, the formal
assignment of ligands as anionic is problematic because transition metals have
electronegativities similar to carbon. With many "neutral” r-ligands, on the other hand, the
assignment as neutral is also complicated because of r-backbonding as well as the potential
for radical character on the ligand from electron transfer into low-lying * orbitals of the
ligand.? It is challenging to find even-handed ways to compare formally "anionic" and
"neutral” ligands to one another,3 particularly if one wants experimental comparisons that
leave the metal in the same environment. For example, a ligand substitution reaction that
exchanges a neutral ligand with alkyl™ changes the overall charge on the complex, while
exchanging a neutral ligand with alkyl® formally changes the oxidation state on the metal by
one unit, and produces a radical that is typically unstable.

For almost two decades, we have studied the chemistry of iron complexes supported by
bulky B-diketiminate ligands (Chart 1), which are ideal for addressing these questions
because pB-diketiminate complexes are often stable in a variety of formal oxidation levels
with both odd- and even-electron counts.®> Some of the formally iron(l) complexes are
stabilized through backbonding or electron transfer into unsaturated ligands such as nitriles,
alkynes,” N,,8 tetrazenes,® hexazenes,10 and diazenes.!! In others, the p-diketiminate
supporting ligand accepts excess charge, a tendency that is greatly increased when a
formazanate supporting ligand is used in place of the B-diketiminate.12 This shift of electron
density to the ligands can be understood through Pauling’s electroneutrality principle, which
has been quantitatively re-emphasized in the recent manifesto of Wolczanski.13

In the context of these challenges, we note that homolytic dissociation of M—C bonds has
an analogy to the dissociation of a formally neutral but redox-noninnocent ligand that has
accepted unpaired electron density in the complex: both situations start as iron(Il) but yield
an identical iron(l) product. Taking advantage of this opportunity to directly compare alkyls
with neutral ligands, we report here synthetic, spectroscopic, and computational
comparisons of the formally iron(11) trityl complex LMeFeCPhs and the formally iron(1)
alkyne and benzophenone complexes LMeFe(PhCCH) and LMeFe(Ph,CO). X-ray absorption
spectroscopy coupled to density functional theory (DFT) and ab /nitio multireference
configuration interaction (MRCI) calculations enables an in-depth investigation of the
electronic structures, quantitatively supporting the idea that the iron ions have similar
electron densities in these complexes despite the differences in formal oxidation state.

RESULTS AND DISCUSSION
Synthesis and Characterization of LMéFe(CPhg) (1).

A diethyl ether solution of the known formally diiron(l) complex LMeFe(N,)FelLMé reacted
with 0.5 equivalent of Gomberg’s dimer of the trityl radicall# to give the orange-red
compound 1 (Scheme 1), which was characterized using X-ray crystallography (Figure 1).
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To our knowledge, this is the first Fe-trityl complex to be reported, and few metal-trityl
complexes of any metal are known.1® In 1, the iron has a trigonal-planar geometry with Fe-N
distances of 2.012(2) and 2.008(2) A. The Fe—C distance of 2.124(3) A is extremely long
for an Fe—C bond (Fe—C bond lengths to three-coordinate iron in the Cambridge
Structural Database have an average of 2.04 A with a standard deviation of 0.04 A).16 The
only other triarylmethyl-iron complex has the Fe—C as part of a tetradentate tris(phosphine)
ligand; it has a Fe—C distance of 2.081(3) A in its iron(I1) form and longer Fe—C bonds in
reduced N, complexes.1” Though the length of the Fe—C bond in 1 could be attributed to
steric crowding from the bulky triphenylmethyl ligand, the ability of this compound to
exchange Ph3C* (see below under Reactivity) suggests the possibility of an unconventional
resonance structure with a triphenylmethyl radical, LFelees(*CPh3).

Magnetic and spectroscopic observations are relevant to this question. At 80 K, 1 exhibited a
quadrupole doublet in its Méssbauer spectrum with & = 0.58 mm s~1 and IAEgl =0.76 mm s
=1 The isomer shift is within the range of other low-coordinate, high-spin iron(l1)
complexes that we have previously characterized.18 However, a number of diketiminate-
supported iron(l) complexes have similar Méssbauer parameters as well, 19 so these data do
not readily distinguish the possibilities. The solution magnetic moment of 1 in CgDg was
5.8(4) Bohr magnetons (BM), consistent with a high spin iron(ll) system with significant
spin-orbit coupling, and inconsistent with an iron(l)-radical complex unless there were
extremely strong ferromagnetic coupling.

Synthesis and Characterization of LMéFe(Ph,CO) (2).

Addition of 2 equiv of benzophenone to LMéFe(N,)FeLMe in hexanes under an N,
atmosphere at room temperature produced a color change from red to brown/gold.2% X-ray
crystallographic studies on the purple crystals gave compound 2 (Scheme 1), which has the
structure that is displayed in Figure 2.

In the solid-state structure of 2, the geometry around iron is approximately square planar.
The Fe—N distances of 1.944(4) and 2.001(4) A lie in the expected range for iron p-
diketiminate complexes.?! The Fe—C distance is 2.073(4) A and the Fe—O distance is
1.836(3) A. The C—O bond distance of the benzophenone carbonyl shows significant
lengthening from 1.22(4) A in free benzophenone to 1.358(5) A in 2. Benzophenone ketyl
radical anions have been crystallographically characterized, and have C—O bond lengths of
1.31(2) A, closer to the observed distance in 2, while C—O single bonds are much longer, in
the 1.43-1.46 A range.1” Recent work using a phosphine-tethered ketone showed similarly
that when bonded to iron(l), the C=0 bond length of the ketone increases from 1.213(3) A to
1.330(1) A, which was attributed to a ketyl radical.22 The presence of radical character on a
ketyl group with a C—O distance of 1.334(6) A was documented thoroughly in a ketyl
radical complex of uranium.23 While this uranium complex showed an intense visible
absorption near 600 nm that is characteristic of a ketyl radical, 2 had no intense band in this
region despite its similar C—O bond length.

The IH NMR spectrum of 2 showed paramagnetically shifted peaks similar to those seen in
other B-diketiminate iron(l) and iron(11) complexes. The observed solution magnetic
moment?4 of 4.2(2) BM was consistent with a high spin iron(l) system (S= 3/,) having a
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contribution from orbital angular momentum, which is common in diketiminate systems.2>
However, another possible interpretation of the electronic structure of 2 is as a high-spin
iron(I1) ion with strong antiferromagnetic coupling to a ketyl radical on the benzophenone
ligand, which would also provide an S= 3/, ground state. The Mdssbauer spectrum of 2 at
223 K displayed a doublet with & = 0.46 mm s~ and IA£q| = 0.89 mm s™2. This isomer shift
is within 0.02 mm s~1 that of the iron(11) complex LBUFeCH; and the iron(l) complex
[LBUFeH][K(18-crown-6],19:26 so Mésshauer spectroscopy again does not distinguish
unambiguously between oxidation states. In order to resolve these ambiguities, 1 and 2 were
examined using X-ray absorption spectroscopy and ab /nitio calculations.

X-ray absorption spectroscopy and computations.

We performed a more in-depth evaluation of the two above complexes, and compared them
to iron(l) and iron(11) complexes of the o-only CH3 ligand and the m-ligand phenylacetylene
(Chart 1 above). Thus, our studies comprised 1 and 2, plus the iron(l1) complex LMéFeCH;
(3),2” the new iron(l) methyl complex [LMeFeCH5][K(18-crown-6)] (4), and the formally
iron(l) phenylacetylene complex LMeFe(HCCPh) (5). This acetylene complex was studied
previously using Méssbauer spectroscopy, EPR, and DFT calculations.28

Because of its utility in establishing the oxidation state and electronic structure of the iron
ion, we used X-ray absorption spectroscopy (XAS) at the iron K-edge.?8 The experimental
spectra (Figure 3) show little change in edge position between the five species investigated,
which was an initial suggestion that there is no difference in oxidation state between species.
Intense rising edge features were apparent for all species between 7114.2 and 7117.0 eV. All
species showed a pre-edge feature centered at 7112.1 eV. These features were interpreted
through the use of time-dependent density functional theory (TDDFT) computations, using
optimized geometries based on the crystallographic structures. TDDFT calculations were
based on unrestricted single point calculations and there was an excellent correlation
between the computationally predicted and observed XAS features (Figure S-18). Previous
work has validated the use of TDDFT to accurately predict metal and ligand K-edge XAS
feature energies following linear correction to account for systematic errors in calculating
absolute core (e.g. 1) energies.?°

Figures 4-8 show the individual pre-edge spectra for species 1-5, along with the orbitals to
which core electrons are excited in the major absorption features. The lower energy feature
in all cases is predicted to arise from excitation from Fe 1s into molecular orbitals featuring
large contributions from Fe 3d, but exhibiting variable degrees of diketiminate ligand MO
admixture. The diminished intensity of this feature in 2 and 5 can be attributed to decreased
contributions from Fe p into the acceptor molecular orbitals. In addition, the small pre-edge
features at 7113.9 eV in 2 and 5, which would be formally described as having neutral
donors on iron(l), are predicted to involve unoccupied orbitals with substantial Fe character
in both cases. The higher energy rising edge features for all species can be assigned to the
dipole allowed 1s — 4p transition.

The nearly constant rising edge energies (7115.5 eV) in the XANES obtained for the
compounds studied, except for 4, suggest that these four compounds all remain physically ¢®
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iron(I1). While the iron(Il) assignment is clear for 1, where the contribution to frontier
orbitals is dominated by Fe, it necessitates that for 2 and 5 electron density is delocalized
from the Fe center to the benzophenone or alkyne ligands, respectively, in accord with the
observed elongation of the benzophenone C—O bond in 2 and the bending of the
phenylacetylene in 5. While such a picture emerges from analysis of the MOs obtained from
the single point DFT calculations (Figures S-19 through S-23), we favored spectroscopy-
oriented configuration interaction (SORCI) calculations based on a CAS(15,11) reference as
a means to scrutinize the nature of the bonding in these species. This analysis permits the
possibility to address whether multiple ground state electronic configurations are operative.
The SORCI results showed that both 2 and 5 are multiconfigurational. The SORCI results
for 2 (abbreviated diagram in Figure 9) revealed two near-degenerate quartet states, both of
which have leading electronic configurations accounting for ca. 60% of each state. In both of
these low-lying quartet configurations, two electrons reside in an MO that is split between
Fe (52%) and benzophenone nt* (28%) parentage. The SORCI picture that emerges for 5
(Figure 10) is less complex, as the quartet ground state is effectively non-degenerate, and its
leading configuration accounts for 85.5% of the state. As with 2, all configurations of the
ground state of 5 feature two electrons in orbitals that are evenly distributed between Fe and
the coordinated alkyne (46% Fe / 33% alkyne and 52% Fe / 38% alkyne). This leads us to
propose sharing the two electrons evenly between the metal and ligand, resulting in six d
electrons and a spectroscopic oxidation state of iron(ll) in 2 and 5. This matches the formal
(and physical) oxidation states of 1 and 3.

It is important to note that the iron(I1) assignment does not imply that 2 and 5 have ligand
radicals. Actually, the spectroscopically-validated calculations indicate that there is little
population of configurations with unpaired electrons in ligand-localized orbitals. An
alternative Dewar-Chatt-Duncanson formulation (resonance hybrid of iron(l) and iron(l11)
formal oxidation states) implies the presence of configurations with differing iron and ligand
character, which is not evident in the SORCI results. Therefore, we favor the physical
oxidation state description of iron(ll).

Exchange of Ligands and Other Reactivity.

Exchange of the ligands between compounds 1, 2, and 5 occurred readily at room
temperature, as shown by monitoring reactions using H NMR spectroscopy. For example,
treating a CgDg solution of compound 1 with 1 equiv of benzophenone gave rapid and
quantitative formation of Gomberg’s dimer and 2.30 Likewise, treatment of 1 or 2 with 1
equiv of phenylacetylene gave 5. In each case, degradation of the mixtures over time
prevented us from quantitatively determining the equilibrium constants as we had done
previously for other formally iron(l) complexes in this system.8 However, the complete
conversions in these ligand exchange reactions indicates that the relative binding affinities of
the ligands are PhCCH > Ph,CO > *CPhg > CgHg > N». The ability to handle the
benzophenone and trityl complexes in benzene solution shows that the last two ligands in
this series have weaker binding constants (their ordering has been discussed previously8).
These experiments place the radical "CPhs on a qualitative scale of binding energies for
formally two-electron ligands in this formally iron(l) (but spectroscopically iron(ll)) system.
As shown above, though, the extent of electron transfer to the alkyne and benzophenone
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ligands is substantial, and it is likely that the induced polarity plays a role in strengthening
these metal-ligand bonds.

These complexes have good thermal stability; notably, the trityl complex 1 showed no
decomposition in benzene solution at 75 °C for several days, as judged by 1H NMR
spectroscopy. However, mixtures of the benzophenone complex 2 with phenylacetylene,
after the rapid formation of 5, showed slow formation of another product. Heating a benzene
solution of 2 and phenylacetylene to 65 °C for 4 d formed the new green compound
LLMeFe(OCPh,CHCPh) (6), which could be isolated in 67% yield (Scheme 2). The X-ray
crystal structure of 6 (Figure 11) showed the formation of a new C—C bond between the
phenylacetylene and benzophenone fragments, to form a metalladihydrofuran ring with a
C=C double-bond distance of 1.340(5) A. The iron has a distorted tetrahedral geometry with
an Fe—O bond length of 1.843(2) A and an Fe—C bond length of 2.031(3) A. The Fe—N
bonds are again within the expected range, at 1.988(2) and 1.986(3) A.

The magnetic moment of 5.6(3) BM for 6 agrees with the spin-only value of 5.92 BM
expected for high-spin iron(l11). The observed Mdssbauer parameters at 173 K (6 = 0.10 mm
s1 IAEgl = 1.66 mm s™1) are much lower than those in high-spin iron(l) or iron(l1)
complexes, and therefore support the assignment of this complex as having an iron(l1)
center. The 1H NMR spectrum of 6 was broad, as is common for high-spin iron(l11)
complexes, and combined with the magnetic moment, the preponderance of the evidence
supports a high-spin electronic configuration for 6.

The reductive coupling of ketone and alkyne ligands to form metalladihydrofuran rings is
best known starting from titanium(Il) complexes which are oxidized to titanium(1V) in the
process.3! A related series of alkyne-aldehyde coupling reactions have been studied in the
context of nickel-catalyzed cyclizations.32 Mechanistic studies on the nickel systems
indicate that bond formation between coordinated alkyne and carbonyl fragments is
concurrent with oxidation of the metal,33 and we presume that the low coordination number
of the iron is conducive to the coupling to form the new C—C bond. Note that this bond
formation would often be attributed to radical character on coordinated benzophenone
and/or alkyne, but the computational studies above indicate that the radical character on the
ligands is not large in the ground state. We speculate that low-lying excited states with
radical character can be accessed during the reaction pathway to form the C—C bond, an
idea that can be tested with future computations.

CONCLUSIONS

Using the highly unsaturated and electron-rich environment of formally iron(1) species
supported by B-diketiminate ligands, it has been possible to isolate a number of unusual
species. One is the first example of an iron complex of CPhs, which can exchange the CPhg
group as a radical (stabilized by dimerization to Gomberg’s dimer). Though the loss of
*CPh3 might suggest iron(l)-trityl radical character, spectroscopic characterization strongly
indicates that an iron(Il) formulation is most appropriate. The spectroscopic oxidation state
of iron(I1) is also shared by other formally iron(l) complexes with benzophenone and
phenylacetylene. The iron(ll) spectroscopic oxidation state formally implies radical
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character on the ligand, but the mixing of metal and ligand orbitals is so extensive that little
radical character is present on the ligand. This serves as a warning about using purely
valence-bond pictures to rationalize reactivity (such as the C—C bond formation between
benzophenone and alkyne observed here) through ligand radicals.

EXPERIMENTAL SECTION

General.

All manipulations were performed under a nitrogen atmosphere, by Schlenk techniques or in
an M. Braun or Vigor glovebox maintained at or below 1 ppm of O,. Glassware was oven-
dried at 150 °C for at least 12 h before use. Graphite, Celite, and 3 & 4 A molecular sieves
were dried at 200 °C under vacuum for at least 12 h. Pentane, hexane, benzene, and diethyl
ether were purified by passage through activated alumina and Q5 columns from Glass
Contour Co, under Ar. All solvents were stored over 4 A molecular sieves and passed
through a plug of activated alumina immediately prior to use. Benzene-adg was dried over
activated alumina and stored over 4 A molecular sieves. Potassium on graphite was prepared
by heating stoichiometric amounts of potassium and graphite at 140 °C under an argon
atmosphere.34 Warning: Alkali metals and their graphite intercalates KCg is a powerful
reductant, which ignites on contact with air and moisture. Therefore, extreme care must be
taken when synthesizing and handling alkali graphite reductants! Benzophenone (99%) was
obtained from ACROS Organics, and phenylacetylene (98%) was obtained from Alfa Aesar.
LMeFeNNFeLLMe was prepared according to the previously reported procedure.2> Gomberg’s
dimer was prepared according to literature methods.3> NMR data were collected on an
Agilent 400 or 500 MHz spectrometer. Chemical shifts in TH NMR spectra are referenced to
external SiMey4 using the residual protiated solvent peaks as internal standards: CgDsH (&
7.16 ppm) and C7D7H (6 2.34 ppm). Solution magnetic susceptibilities were determined by
the Evans method.25 Elemental analyses were performed at the CENTC Elemental Analysis
Facility at the University of Rochester. IR spectra were collected on an Alpha Platinum ATR
IR Spectrometer. UV-vis spectra were recorded on a Cary 50 spectrometer using Schlenk-
adapted quartz cuvettes with a 1 mm path length. Mdssbauer samples were packed in Delrin
sample cups and loaded into the spectrometer at 77 K. Mdssbauer measurements were
performed using a SEE Co. MS4 Mdsshauer spectrometer integrated with a Janis SVT-400T
He/N5 cryostat for measurements at 80 K and 223 K with a 0.07 T applied magnetic field.
Isomer shifts were determined relative to a-iron at 298 K. All Mdsshauer spectra were fit
using the program WMoss (SEE Co.), using Lorentzian doublets.

Synthesis and characterization

LMeFe(CPhg) (1).—A red solution of LMeFe(Ny)FelLLMe (150.5 mg, 0.154 mmol) in diethy!
ether (8 mL) was treated with a solution of CoPhg (“Gomberg’s dimer,” 88.7 mg, 0.167
mmol) in diethyl ether (8 mL). The mixture was stirred for 90 min. Volatile materials were
removed under vacuum to give an orange residue. The solid was extracted with hexanes (18
mL), filtered through Celite, concentrated under vacuum to 10 mL, and placed ina -35 °C
freezer overnight to give red crystals of 1 (214 mg, 97%). 1H NMR (500 MHz, CgDg) 6 107
(1H, backbone C—H), 49 (6H, backbone CHg), 16 (6H, o-H trityl aryl), 0 (12H, CH(CH3),),
-12 (6H, m-H trityl aryl), 31 (4H, CH(CH3),), 54 (3H, p-H trityl aryl), 75 (12H,
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CH(CH3)2). Heff (Evans, CgDg, 298 K) = 5.8(4) BM. IR (ATR, neat): 3055 (w), 2960 (m),
2926 (m), 2867 (w), 1617 (w), 1588 (w), 1530 (m), 1518 (m), 1491 (w), 1481 (w), 1462
(m), 1434 (m), 1367 (s), 1310 (s), 1255 (s), 1199 (w), 1175 (w), 1152 (w), 1138 (w), 1100
(w), 1079(w), 1056 (w), 1032 (m), 932 (w), 910 (w), 882 (w), 853 (w), 836 (w), 794 (s), 780
(m), 759 (m), 756 (m), 721 (w), 700 (s), 657 (w), 610 (W), 522 (w), 510 (w), 504 (w), 480
(m), 457 (w) cm®. Anal. Calcd for C4gHsgNoFe: C, 80.43; H, 7.79; N, 3.91. Found: C,
80.08; H, 8.02; N, 3.55. Méssbauer (80 K, solid): 6 = 0.58(2) mm s, IAEgl =0.76(2) mm
st

LMeFe (Ph,CO) (2).—A red solution of LMeFeNNFeLMe (107.9 mg, 0.111 mmol) in
hexanes (8 mL) was treated with a solution of benzophenone (38.8 mg, 0.213 mmol) in
hexanes (8 mL). The reaction mixture was stirred for 90 min and a change to a golden brown
color was observed. Volatile materials were removed under vacuum yielding a brown
residue. The solid was extracted with hexanes (15 mL), filtered through Celite, concentrated
under vacuum to 3 mL and placed in a 35 °C freezer overnight to give purple crystals of 2
(120 mg, 82%). IH NMR (500 MHz, CgDg): & 87 (4H, m-H benzophenone aryl), 78 (2H, p-
H benzophenone), 60 (6H, backbone CH3), 35 (1H, backbone CH), 3 (12H, CH(CH3),), 16
(2H, p-H DIPP), 35 (4H, CH(CH3),), 39 (12H, CH(CHs),), 81 (4H, m-H DIPP). The above
assignments do not account for the orth0 protons of the benzophenone, which may be too
broad and shifted to observe. [t (Evans, CgDg, 298 K) = 4.2(2) BM. IR (ATR, neat): 3055
(w), 3029 (w), 2954 (m), 2925(m), 2865 (M), 1593 (w), 1539 (w), 1520 (m), 1488 (w), 1458
(m), 1436 (m), 1382 (s), 1377 (s), 1315 (s), 1280 (w), 1260 (m), 1252 (m), 1232 (w), 1175
(m), 1155, w), 1102(w), 1076 (w), 1053 (w), 1026 (m), 933 (m), 900 (w), 863 (w), 853 (w),
794 (s), 757 (s), 718 (w), 693(s), 646 (M), 619 (m), 552 (W), 541 (w), 519 (w), 447 (w) cm?.
Anal. Calcd for C4oHs1N,OFe: C, 76.93; H, 7.84; N, 4.27. Found: C, 77.25; H, 8.04; N,
4.00. Mosshauer (223 K, solid): & = 0.46(2) mm s, IA£q| = 0.89(2) mm st.

[K(18-crown-6)][LMeFeCH3] (3).—LMeFeCH5 (187.3 mg, 0.383 mmol) and 18-crown-6
(116.0 mg, 0.439 mmol) were dissolved in toluene (6 mL) to give a yellow solution. KCg
(62.0 mg, 0.459 mmol) was added, and the mixture turned dark green. After stirring for 2 h,
the mixture was filtered through Celite, then the filter pad was rinsed with 20 mL of toluene.
The green filtrate was concentrated to 15 mL under vacuum and cooled to —40 °C. After 3
days, crystals of 3 (269.3 mg, 79.6%) were isolated and dried under vacuum. The 1H NMR
and elemental analysis results are consistent with one toluene of crystallization. 1H NMR
(400 MHz, CgDg) 6 34 (6H, backbone CH3), 22 (4H, CH(CH3), or m-Hy), 7 (5H, toluene),
3.0 (12H, CH(CH3),), 2.5 (24 H, 18-c-6), 2.1 (3H, toluene), 3 (12H, CH(CHs),), 35 (4H,
CH(CHg3)2 or m+H\), 147 (1H, backbone CH). Hef (Evans, CgDg, 298 K) = 4.1(2) BM. IR
(ATR, neat): 3045 (w), 2953 (m), 2889 (m), 2861 (m), 1582 (w), 1458 (w), 1428 (m), 1376
(m), 1350 (m), 1318 (m), 1250 (m), 1103 (s), 960 (m), 836 (m), 754 (m), 731 (m), 695 (w),
464 (w) cml. Anal. Calcd for C4oHggOgN,FeKeC7Hg: C, 66.57; H, 8.66; N, 3.17. Found: C,
66.41; H, 8.67; N, 3.01.

LMeFe(OCPh,CHCPh) (6).—Phenylacetylene (11.8 uL, 0.107 mmol) was added to a red/
brown solution of LMeFe(Ph,CO) (1) (70.6 mg, 0.101 mmol) in benzene (15 mL), and the
reaction mixture was heated at 65 °C for 4 d. Volatile materials were removed under vacuum
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to give a green residue. The solid was extracted with hexanes (15 mL), filtered through
Celite, concentrated under vacuum to 2 mL, and placed in a 35 °C freezer overnight to give
green crystals of 6 (51 mg, 67%). Peaks in the 1H NMR spectrum were broad and
overlapped, and so the integrations are not reliable. Figure S-8 shows the spectrum, in which
the clearest chemical shifts lie at 37, 35, 34, 24, 17, 8, 5, 4, 2, and 40 ppm. eft (Evans,
CgDg, 298 K) = 5.6(3) BM. IR (ATR, neat): 3060 (w), 2962 (m), 2938 (m), 2928 (m), 2860
(m), 1517 (s), 1486 (m), 1459 (m), 1438 (s), 1370 (s), 1361 (s, sh), 1315 (s), 1284 (m), 1259
(s), 1252 (s), 1198 (w), 1172 (m), 1100 (m), 1057 (m), 1019 (m), 1003 (w), 985 (m), 934
(m), 894 (w), 862 (w), 796 (m), 753 (s), 694 (s), 652 (W), 632 (M), 625 (M), 610 (M), 546
(w), 525 (m), 501 (w) cm?. Anal. Calcd for CsoHs7NoFe: C, 79.24; H, 7.58; N, 3.70. Found:
C, 79.10; H, 7.68; N, 3.49. Méssbauer (173 K, solid): & = 0.10(2) mm st, IAEqgl = 1.66(2)
mm sl
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SYNOPSIS

An isolable iron(ll) trityl complex exchanges the trityl radical with neutral rt-acceptor
ligands to form formally iron(I) complexes, but all of these are best described as iron(ll).
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Figure 1.
Molecular structure of 1 from X-ray crystallography. Thermal ellipsoids are displayed at the

50% probability level and hydrogens are omitted for clarity.
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Figure 2.
Molecular structure of 2, from X-ray diffraction studies. Thermal ellipsoids are displayed at

the 50% probability level and hydrogens are omitted for clarity.
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Figure 3.

Fe K-edge absorption spectra of species 1-5 showing little to no pre-edge and rising-edge
shifts between the formally iron(l) and formally iron(ll) species.
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Overlay of experimental and TDDFT calculated spectra of 1 showing acceptor molecular
orbitals for pre-edge transitions. Orbitals are plotted at an isovalue of 0.03 au. TDDFT

calculations were initiated from B3LYP single point calculations employing the CP(PPP)
basis set on Fe and ZORA-def2-TZVP(-f) basis set on all other atoms.
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Figure5.
Overlay of experimental and TDDFT calculated spectra of 2 showing acceptor molecular
orbitals for pre-edge transitions. Orbitals are plotted at an isovalue of 0.03 au. TDDFT

calculations were initiated from B3LYP single point calculations employing the CP(PPP)
basis set on Fe and ZORA-def2-TZVP(-f) basis set on all other atoms.
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Overlay of experimental and TDDFT calculated spectra of 3 showing acceptor molecular
orbitals for pre-edge transitions. Orbitals are plotted at an isovalue of 0.03 au. TDDFT
calculations were initiated from B3LYP single point calculations employing the CP(PPP)

basis set on Fe and ZORA-def2-TZVP(-f) basis set on all other atoms.
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Overlay of experimental and TDDFT calculated spectra of 4 showing acceptor molecular
orbitals for pre-edge transitions. Orbitals are plotted at an isovalue of 0.03 au. TDDFT
calculations were initiated from B3LYP single point calculations employing the CP(PPP)
basis set on Fe and ZORA-def2-TZVP(-f) basis set on all other atoms.
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Figure8.
Overlay of experimental and TDDFT calculated spectra of 5 showing acceptor molecular
orbitals for pre-edge transitions. Orbitals are plotted at an isovalue of 0.03 au. TDDFT
calculations were initiated from B3LYP single point calculations employing the CP(PPP)
basis set on Fe and ZORA-def2-TZVP(-f) basis set on all other atoms.
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Leading configurations of the quartet ground states produced via the SORCI procedure
carried out using a CAS(15,11) reference on compound 2. Electrons lying in orbitals with
nearly equal parentage from Fe and benzophenone (2) are boxed in red. SORCI calculations
employed the ZORA-def2-TZVPP basis set on Fe and ZORA-def2-SVP basis set on all

other atoms.
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Figure 10.
Leading configurations of the quartet ground states produced via the SORCI procedure

carried out using a CAS(15,11) reference on compound 5. Electrons lying in orbitals with
nearly equal parentage from Fe and alkyne (5) are boxed in red. SORCI calculations
employed the ZORA-def2-TZVPP basis set on Fe and ZORA-def2-SVP basis set on all
other atoms.
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Figure 11.
Molecular structure of 6. Thermal ellipsoids are displayed at the 50% probability level and

hydrogens are omitted for clarity.
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Chart 1.

Iron species studied in this report.
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Scheme 1.
Synthesis of B-Diketiminatoiron Complexes 1 and 2
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Scheme 2.
Coupling of Benzophenone and Phenylacetylene

Organometallics. Author manuscript; available in PMC 2021 June 07.

Page 26



	Abstract
	Graphical Abstract
	INTRODUCTION
	RESULTS AND DISCUSSION
	Synthesis and Characterization of LMeFe(CPh3) (1).
	Synthesis and Characterization of LMeFe(Ph2CO) (2).
	X-ray absorption spectroscopy and computations.
	Exchange of Ligands and Other Reactivity.

	CONCLUSIONS
	EXPERIMENTAL SECTION
	General.
	Synthesis and characterization
	LMeFe(CPh3) (1).
	LMeFe (Ph2CO) (2).
	[K(18-crown-6)][LMeFeCH3] (3).
	LMeFe(OCPh2CHCPh) (6).


	References
	Figure 1.
	Figure 2.
	Figure 3.
	Figure 4.
	Figure 5.
	Figure 6.
	Figure 7.
	Figure 8.
	Figure 9.
	Figure 10.
	Figure 11.
	Chart 1.
	Scheme 1.
	Scheme 2.

