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ABSTRACT: Non-heme iron oxygenases utilize dioxygen to accomplish challenging chemical oxidations.
Further understanding of the Fe-O, intermediates implicated in these processes is challenged by their
highly transient nature. To that end, we have developed a ligand platform featuring phosphinimide
donors intended to stabilize oxidized, high-spin iron complexes. O, exposure of single crystals of a three-
coordinate Fe(ll) complex of this framework allowed for in crystallo trapping of a terminally-bound Fe-O,
complex suitable for XRD characterization. Spectroscopic and computational studies of this species
support a high-spin Fe(lll) center antiferromagnetically coupled to a superoxide ligand, similar to that
proposed for numerous non-heme iron oxygenases. In addition to the stability of this synthetic Fe-O.
complex, its ability to engage in a range of stoichiometric and catalytic oxidation processes
demonstrates that this iron-phosphinimide system is primed for development in modelling oxidizing
bioinorganic intermediates and green oxidation chemistry.

Introduction

Dioxygen is the ideal chemical oxidant.!
Enzymatic systems that effectively harness O,,
such as the large class of mononuclear non-
heme iron oxygenases, are essential to myriad
biological processes.? This particular class of
enzymes catalyze an enormous range of O»-
dependent substrate oxidations that are
increasingly recognized to proceed Vvia
pronounced mechanistic diversity.> Perhaps
the only chemical events central to all of these
enzymes is the coordination and activation of
O, by the iron cofactor. Yet, discrete Fe-O,
intermediates have proven to be highly
transient or unobservable in most enzymes.**
Moreover, synthetic examples of well-
characterized, non-heme Fe-O, complexes
remain scarce owing to their reactive nature.”®

These enzymes have inspired numerous
breakthroughs in the creation of synthetic
catalysts for sustainable oxidation
processes.'®? Molecular catalysts for selective
C-H bond functionalization, alcohol oxidation
and alkene epoxidation have been developed
that possess structural and/or mechanistic
features congruent with those of non-heme
iron enzymes.'® However, unlike the natural
systems, most of these synthetic catalysts do
not utilize O, directly and instead rely upon
alternative oxidants - such as peroxides -
which provide access to viable catalytic
intermediates at the expense of increased cost
or undesirable side reactivity.?® Understanding
and developing molecular systems that
directly harness O, as a reagent could enable
transformative advances in chemical oxidation
catalysis.

We have initiated a research program that
aims to develop new molecular catalysts for
sustainable oxidative processes. Along these
lines we have developed an electron-donating
and oxidatively-resilient ligand platform
featuring anionic  phosphinimide  donors
intended to expand the reaction chemistry of
Earth-abundant, first-row transition metals.*
Herein, we show that this ligand enables the
synthesis and characterization - including the
XRD analysis - of a non-heme iron complex
that binds O, in a terminal fashion. The

available  structural, spectroscopic, and
computational data on this  species
corroborates a high-spin iron(lll)-superoxide
formulation which, in turn, is active in a
diverse array of oxidation reactions, including
catalytic O,-mediated aldehyde deformylation.

Results and Discussion

Terminally-bound phosphinimides  are
weak-field, m-basic ligands isolobal to
alkoxides.’® They have most commonly been
used to stabilize electron-deficient lanthanides
and early transition metals.'®'’ In contrast, the
coordination chemistry of these ligands with
transition metals harboring substantial d-
electron counts has not been intensively
studied, owing in part to the propensity of
phosphinimides to instead act as bridging
ligands with electron-rich metal centers.'®®
The ligand platform employed here features a
rigid, sterically encumbering framework
designed to preclude oligomerization and
direct these ligands to a single metal ion.
Scheme 1 details an abbreviated synthesis of
our featured tris(phosphinimine) pro-ligand
(LA9H3) decorated with bulky 1-adamantyl
substituents.

The L*¥H; pro-ligand supports an electron-
rich  mononuclear Fe(ll) species. The
combination of Fe(HMDS), with L*9H; results in
the protonolysis of two phosphinimines
yielding neutral (LA“H)Fe (Scheme 1). The
solid-state structure of (L*YH)Fe features a
trigonal planar iron atom bound to two
phosphinimides and one phosphinimine (Fig 1).
Observed Fe-N bond distances coincide with
the protonation state of each donor atom: the
two Fe-N(phosphinimide) bond distances are
1.886(2) and 1.894(2) A whereas the Fe-
N(phosphinimine) bond distance is 2.074(2) A.
The short Fe-N(phosphinimide) bond distances
can be understood by the two canonical
resonance forms of phosphinimide ligands
(Scheme 2). Considering resonance form (B),
terminal phosphinimide coordination to Fe
allows for Fe-N o-bonding and multiplanar Fe-N
m-bonding. Such mw-donation is expected to
considerably raise the energy of the d-orbital
manifold and stabilize high-spin ground states.



Solution-phase magnetic measurements of this
compound are consistent with an S = 2 spin
state (uer = 4.94 ug), as is typical for three-
coordinate Fe" compounds.?°?! Electrochemical
experiments indicate that (LA/H)Fe exhibits a
quasi-reversible oxidation event at -1.35 V vs
Fc/Fc* in THF electrolyte (Fig S17), which is
significantly more reducing than related
trigonal, high-spin iron(ll) complexes.???* We
hypothesize that the unusually low oxidation
potential of (L**H)Fe is a testament to the =-
donation presented by the terminally-bound
phosphinimide ligands.

The (LAH)Fe compound reacts with O, in
crystallo to form a terminal Fe-O, complex,
(LAH)FeO.. Yellow monoclinic crystals of
(LAYH)Fe visibly darken to a red color upon
exposure to dry O, at ambient temperature
and retain strong diffraction intensity to
~0.8 A. Subsequent XRD studies on one of
these crystals at 100K using synchrotron
radiation indicate that a single O, molecule has
coordinated to the Fe center (Fig 1) which
adopts a squashed-tetrahedral geometry
(THCpa = 0.55)% in (L*®H)Fe0..%> Despite the
low coordination geometry at Fe, the O; ligand
is bound in an ordered, terminal fashion with
average measured Fe-O and O-O bond
distances of 1.981(3) and 1.321(5) A,
respectively, and an Fe-O-O angle of 114.8(3)°.
The observed O-O distance implies an
activated  superoxide (O,7) formulation
(Supporting Information). Marginally shorter
average Fe-N(phosphinimide) distances
(1.87(2) A) in (LAYH)FeO, as compared to its
precursor are also consistent with a more
oxidized Fe center. To the best of our
knowledge, this is the first crystallographically
characterized, mononuclear non-heme iron-
dioxygen complex obtained via addition of O,
to a synthetic Fe(ll) compound.’® The terminal
manner of O, coordination and the
experimentally determined structural metrics
are comparable to those computationally
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predicted for the Fe-O. adducts in isopenicillin
N-synthase,® homoprotocatechuate
dioxgenase,* and other non-heme iron
oxygenases.6-28

Infrared spectra were collected on KBr
pellets of isolated (LA*“H)FeO. to assess the
vibrational characteristics of the O,-derived
ligand. According to a Badger’'s Rule analysis
(Supporting Information), the lengthened O-O
distance present in (L*H)FeO. should
correlate with a v(0O-O) vibration of ~1030 cm-
!, A comparison of the FTIR spectra of
(LA“H)FeO, generated with °0O- or #0-labelled
O, reveal subtle differences in the range of
1050-1250 cm?® (Fig S13). In contrast, the
spectral features nearly overlay in the range
commonly ascribed to metal-peroxo (0>%)
species (700-900 cm’).?® The absence of a
unique, isotopically-sensitive  feature in
(LAH)FeO. can be explained by coupling of
the v(0-0) vibration with the v(P=N) vibrations
from the adjacent phosphinimides. High-spin
iron-phosphinimide  complexes = commonly
display intense v(P=N) modes in the range of
1050-1250 cm™.3%3! After appropriate scaling,?
our DFT results (vide infra) on (L*®“H)FeO,
identify multiple vibrational modes with
variable v(0O-O) and v(P=N) character that span
this spectral range. Upon 20-O. labelling,
these studies predict an increase in spectral
intensity at ~1240 and 1120 cm® with a
concomitant decrease of intensity at ~1190
cm?, in  modest agreement with the
experimental data. Owing to the inherent
complexity of this system, however, we cannot
confidently assign a unique v(0O-0) vibration to
(L“H)FeO..

5’Fe Mossbauer measurements support a
high-spin Fe(lll) center in isolated (LA“H)FeO..
The 3’Fe MoOssbauer spectrum of polycrystalline
(LMH)Fe (Fig 2A) appears as a sharp
quadrupole doublet with parameters (6 = 0.59
mm/s, AEq = 1.45 mm/s) in line with those of
other low-coordinate, high-spin  ferrous
sites.?333 A spectrum
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Figure 2. (A) Zero-field >’Fe Mossbauer spectra of (L**H)Fe (bottom) and (L*H)FeO, (top) collected at 80 K.
A 10% Fe(ll) impurity (green) is observed in the (LA*H)FeO; sample. (B) UV-visible spectra of (LA“H)Fe (black)
and (L*H)FeO, generated via in situ exposure to O; in toluene at -90 °C (red). The purple trace is the
resulting spectra obtained following dissolution of isolated (L**H)FeO, powder in N,-saturated toluene at -90
°C. (C) Parallel-mode X-band EPR spectrum of a toluene solution of (LA?H)FeO, at 5 K and Sror = 2 simulation

in orange. Refer to Sl for simulation parameters.

obtained on similarly-prepared (L*“H)Fe material
following O, exposure displays a single, broad
quadrupole doublet with parameters (5 = 0.37 m/
ms, AEq = 1.32 mm/s) consistent with a high-spin
Fe(lll) center in (LAYH)Fe0,.3* The large linewidth
associated with this spectrum may be a
consequence of slow electronic relaxation at 80K,
as suggested by EPR measurements (vide infra).

(LAYH)FeO; is readily prepared in solution
phase. Exposure of yellow toluene solutions of
(LA®H)Fe to dry O; results in the rapid
development of a red color ascribed to
(LAH)FeO. (Fig 2B). Dissolution of isolated,
polycrystalline (LAYH)FeO, gives rise to similar
spectral features, supporting the notion that
equivalent chemical species are generated
upon oxygenation of (LAYH)Fe either in
solution or as polycrystalline material. The
magnitude of the extinction coefficients at 335
and 420 nm (~9000 and 6000 M! cm?,
respectively) are suggestive of LMCT bands
stemming from the phosphinimides and/or the
O:-derived ligand.** While the 'H NMR
spectrum of (L*H)Fe consists of multiple
sharp, paramagnetically-shifted peaks, in situ-
generated (LA“H)FeO; is NMR-silent (Fig S25).
Solution-phase magnetic measurements of
(LAH)Fe recorded immediately ~1 min
exposure to O; in CsDs indicate an apparent S
= 2 state for in situ-generated (L*H)FeO, at
room temperature (uer = 4.9 us).

EPR studies were pursued to gain insight
into the ground spin state of (LAH)FeO,. As
previously discussed in detail for other non-
heme iron-dioxygen complexes,?*°32 the
interaction of O, with high-spin ferrous ions
can give rise to Fe-O, complexes with total
spin states (Sror) of 1, 2 or 3. Similar total spin
states can be envisioned for (LAH)FeO,, the
relative energies of which dictate the observed
Boltzmann distribution at elevated
temperatures. The parallel mode X-band EPR
spectrum of (L*H)FeO: at 5 K contains an
intense resonance at g = 9.32 (Fig 2C), similar
to that observed in other synthetic®*® and
enzymatic Fe-O, species.® This feature can be
observed at temperatures up to 65 K and no
other resonances emerge over this
temperature range. This feature can be
comparably simulated using Stor = 2 or 3 spin
states attendant with rhombicity (E/D)

values of 0.154 and 0.001, respectively
(Fig S6). We favor the Srtor = 2 simulation as
(LAH)FeO; should exhibit substantial rhombic
character owing to a distorted tetrahedral Fe
geometry  and aspherical metal-ligand
n-bonding interactions.3® Accordingly, we
assign this resonance to a transition within the
|+2) doublet of an energetically well-isolated S
= 2 ground state.’’

DFT methods provide further insight into
the electronic structure of (LAYH)FeO,.. Gas-
phase geometry optimizations were performed
on modestly truncated (L*®“H)Fe and
(L*®“H)FeO. using the TPSSh functional.®®
Salient  metrics found for gas-phase
S(L*B“H)FeO; - specifically the Fe-N/O and 0O-O
bond distances, Fe-O-O angle and local Fe
geometry - closely match the experimental
values found for (L*“H)FeO; (Table S5). The
natural orbitals constituting the Fe-O o-
interactions (Fig 3A) imply a delocalized 2-
center-3-electron interaction of an Fe-d/?
orbital and an O-O =* orbital of the O,-derived
ligand. By convention, this interaction implies
a formal reduction of O, to a O,  state. In
contrast, the Fe-O m-interactions constructed
from the bonding and antibonding
combinations of an Fe-d., orbital and the
orthogonal O-O * orbital exhibit non-integer
electron occupancies. This situation implies a
localized, antiferromagnetic interaction as the
electron populations for these two orbitals sum
to 2.0 electrons and the corresponding
magnetic orbitals exhibit pronounced spatial
overlap (Fig S26). The magnitude of the
exchange coupling constant predicted for this
interaction (-58 to -136 cm™)*® corroborates a
well-isolated ground spin state. Considering
the three additional, singly-occupied orbitals
(Fig S27), the electronic structure of
5(L*®"H)FeO; is best described as an S = 5/2
Fe(lll) center antiferromagnetically coupled to
anS = 1/2 O, ligand.

These computational studies also aid in
rationalizing the apparent stability of
(LAYH)FeO,. The spin density plot for 3(L*
BuH)Fe (Fig 3B) illustrates that the Fe center
bears the majority of the unpaired electron
density (+3.65 electrons) with minimal spin



leakage onto the two phosphinimide nitrogen
atoms (+0.11 electrons total). In contrast, the
spin density profile of *(L*B“H)FeO. reveals
substantial unpaired spin density on both the
phosphinimide N-atoms (0.41 electrons total).
Hence, electron density is mutually transferred
from the Fe center and the supporting
phosphinimides to O, upon its coordination.
The cylindrical distribution of electron density
on the N-atoms in 3(L*B“H)FeO, evidences Fe-
N m-bonding interactions in two orthogonal
planes. This situation contrasts that found for
ligands commonly used to stabilize FeOx
species, such as porphyrin or amido-type (R:N")
donors, that are restricted to forming Fe-N n-
bonds in a single orientation.3*44  We
hypothesize that the unique w-bonding
characteristics of the (LAYH)?* ligand serves to
stabilize oxidized forms of bound metal ions,
and in this case enables the robust
coordination of O, to Fe.

The (LAYH)Fe platform engages in a range of

oxidation reactions  that proceed in
stoichiometric and catalytic fashion. For
example, (L*H)Fe catalyzes the O»-
dependent conversion of 1,2-

diphenylhydrazine to azobenzene (Fig 4A). The
second order rate constants observed for
azobenzene generation from !H- and Z2H-
labeled 1,2-diphenylhydrazine implies a kinetic
isotope effect of 4.9, consistent with a rate-
determining hydrogen atom abstraction step

that is presumably mediated by in-situ
generated (L*H)FeO,. Under an O
atmosphere, (LA“H)Fe was found to

quantitatively convert 1 equivalent of PPh; to
O=PPh; over ~15 minutes (Fig 4B).** Isolated
samples of (LA*H)FeO; similarly react with PPh;
under an N, atmosphere in benzene to afford a
74(1)% yield of O=PPhs;. The nature of the Fe-
containing (L**H)Fe-derived product(s) of
these reactions are presently unknown and
their characterization will be disclosed in a
later report.

Finally, the (L**H)Fe complex was found to
catalyze C-C and C-H bond cleavage
processes. Inspired by previous reports of
nucleophilic metal-dioxygen species that
engage in aldehyde deformylation,’#+*° we
examined the reactivity of isolated (L*“H)FeO,
with 2-PPA. The stoichiometric combination of
these compounds in benzene under an N:
atmosphere resulted in the generation of
acetophenone in 72(1)% yield. Interestingly,
exposure of a 1:1 mixture of (LAH)Fe and 2-
PPA to 1 atm of O, resulted in the formation of
acetophenone in >95% NMR yield. The identity
of the other organic product was confirmed to
be formic acid (Fig S2). Realizing that a full
equivalent of dioxygen had been transferred to
the substrate, we postulated that (L*“H)Fe
could be regenerated upon deprotonation of

Table 1. (LAsH)Fe caralyzed aldghygg,,.
d%fgl@ld?t'f’% @@

TBD (\2 Equiv)
CoHp REC

from Standard Yiety-

Conditions (96)7 N

the formic acid. Under ideal conditions that
employ TBD as a base, 18 equiv of
acetophenone are produced at 5 mol%
(LA“H)Fe catalyst loading (Table 1). The direct
usage of O, as an oxidant here is unusual,*4°
and underscores the promising oxidation
chemistry of the (LAYH)Fe system.

Conclusions

In summary, a non-heme Fe-O, complex has
been prepared via exposure of O, to a
phosphinimide-iron(ll) compound. Its structural
and spectroscopic features corroborate an
antiferromagnetically-coupled, high-spin
Fe(lll)-superoxide site analogous to that
predicted for many non-heme iron oxygenase
enzymes. This amphoteric oxidant engages in
both electrophilic O-atom transfer reactivity
and nucleophilic aldehyde deformylation.
These combined results demonstrate the utility
in using phosphinimide ligands to
simultaneously stabilize and harness reactive
inorganic species. Further investigations aimed
at probing the nature of the Fe-containing
intermediates of these transformations are
currently underway.

Experimental Section

General Considerations: Unless otherwise
noted, all manipulations were carried out using
standard Schlenk or glovebox techniques under
an N, atmosphere. Acetonitrile (MeCN), Benzene,
Diethyl ether (Et,O), Pentane, Tetrahydrofuran
(THF), and Toluene were deoxygenated by
thoroughly sparging with N. gas followed by
passing through an activated alumina column in a
solvent purification system from Pure Process
Technology, and were further dried over 4A
molecular sieves for 48h prior to use. Solvents
were routinely tested with a THF solution of
sodium benzophenone ketyl. Deuterated solvents
were purchased from Cambridge Isotope
Laboratories, Inc., and were distilled under N
degassed via freeze-pump-thaw cycles, and
stored over 4A molecular sieves prior to use.
Oxygen was purchased in Ultra High Purity from
Praxair and was further dried by passing through
two traps immersed in a dry ice/isopropanol bath.
All reagents were purchased from commercial
vendors and used without further purification

unless otherwise stated. 1,3,5-tris(2-
bromophenyl)benzene®, Di-(1-
Adamantyl)Phosphine®!, 0-(2,4-Dinitrophenyl)-N-
hydroxyphthalimide®?, Fe(HMDS),*>, and d»-

diphenylhydrazine®* were prepared according to
literature procedures. Elemental analyses were
performed by the Microanalytical Laboratory in
the College of Chemistry at the University of
California - Berkeley using a PerkinElmer 2400
Series Il combustion analyzer.
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Electronic Paramagnetien Resonance
Spectroscopy: X-band EPR spectra were

obtained on a Bruker EMX spedtrometer on 5 mM
solutions as frozen glasses inkoluene. Samples
were collected at powers ran§ing from 1mW to
10mW and temperatures ranging from 5K to 65K
with modulation amplitudes of 8 Gauss. Spectra
were simulated using the Ea§ySp|n6° suite of

programs in Matlab 2021. 5o

d
Spectroscopy: Megsurements

Optical were
taken on a Hewlett-Packagg 8453 UV-Vis
Spectrophotometer using a zicm quartz cell
sealed with a Teflon stppcock. Variable

Temperature measurements mwere performed
using a UNISOKU Unispec Cryosfat.

tyl

Su

bs

tit

11e

Electrochemistry: Electrochemical
measurements were carried out in 0.2 M THF
solutions of electrolyte (["BusN][PF¢]). Data
collection were performed on a BiolLogic SP-50
Potentiostat using a freshly-polished glassy
carbon electron as the working electrode and a
platinum wire as the auxiliary electrode. All
reported potentials are referenced to the
ferrocene/ferrocenium couple (Fc/Fc*).

’Fe Mossbauer Spectroscopy: Spectra were
recorder on a spectrometer from SEE Co (Edina
Mn) operating in the constant acceleration mode
in a transmission geometry. The sample was kept
in an SVT-400 cryostat from Janis (Wilmington,
MA). The quoted isomer shifts are relative to the
centroid of the spectrum of a metallic foil of a-Fe
at room temperature. Samples were prepared by
suspending polycrystalline material in an
eicosane matrix and mounted in a Delrin cup
fitted with a screw-cap. Data analysis was
performed using the program WMOSS
(www.wmoss.org) and quadrupole doublets were
fit to either Lorentzian or Voigt line shapes.

DFT Calculations: All calculations were carried
out using Gaussian 09 rev. D.01.%* Coordinates for
all heavy (non-H) atoms were taken from the
structures determined via X-ray crystallography.
To improve the efficiency of the calculations, the
adamantyl substituents were truncated to tert-
butyl substituents. Gas-phase geometry
optimizations and single-point and frequency
calculations employed the unrestricted TPSSH
functional. The 6-31g(d) basis set was employed
for C and H atoms and Def2-TZVPP was used for
Fe, N, P and O atoms. Successful optimization to
a minimum was confirmed by the absence of
imaginary frequencies in a subsequent frequency
calculation. Multireference character is expected
for the Sror = 2 state of (L*®'H)FeO. and a
broken-symmetry  solution is  found via
quadratically convergent SCF procedures. The
resultant wavefunction was found to be the most
stable using the “stable=opt” command. Natural
orbitals were constructed using the pop=no
command. Orbitals were visualized using VMD
version 1.9.4a51.%?

Synthesis of (L*H)Fe: In the glove
box, a 250 mL round-bottomed flask was
charged with a magnetic stir bar, LA°H; (1.0g,
0.8 mmol, 1 Equiv), and Et,0O (60 mL).
Fe(HMDS); (296.0 mg, 0.8 mmol, 1 Equiv) was
added dropwise to the flask as a solution in
Et;0 (20 mL). The mixture was stirred for 24h
resulting in a beige precipitate in a brown
solution. The beige solid was collected on a
medium frit and washed with Et;O (3x15mL) to
give (LA?H)Fe as a beige powder (881.5 mg,
0.675 mmol, 84.5%). The filtrate was
concentrated and stored at -30°C for 48h to
obtain a second crop of (L*“H)Fe (42.5 mg,
0.03 mmol, 4.1%) to give a combined yield of
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88.6%. Single crystals of (LE,"H)Fe suitable for

X-ray diffraction were gr from layering

pentane onto a concentrateg; Et;O solution of
(L*“H)Fe to give faint yellow rods. 'H NMR
(400 MHz, CsDs) 6 47.76, 41,88, 39.83, 36.47,
27.96, 22.19, 19.33, 16.2% 15.76, 15.16,
14.33, 13.06, 9.52, 8.42, p&94, 6.03, 5.10,
3.60, 2.99, 2.71, 1.73, 1.33,4h96, 0.18, -2.20, -
2.71, -3.25, -3.74, -9.40, -11r@2, -29.16, -45.23.
Anal: calc. for CH/NsPsFe: @77.22, H 8.18, N
3.22; found: C 75.74, H &20, N 3.01. Mer
(Benzene-ds, 298 K, 400 MPg): 4.94 us. (KBr,
298 K, cm™?): 3344 v(N-H).
Synthesis of (L*°H)FRO0,:
Method A: In-crystallo exposuréto O,
In the glove box, a 1-dram viaPWas charged with
a suspension of crystalline® (LA“H)Fe in an
ether/pentane mother liquor F\d placed into a
Schlenk tube. The tube was segaled with a glass
stopper after briefly applying | mild vacuum to
the headspace. The tube s subsequently
transferred to a gas manifold gnd exposed to 1
atm of dry oxygen. Following;~90 min of O
exposure, visibly red crystals wgre mounted onto
a diffractometer. e

w
Method B: Exposure of (LA°H)Ferpowder to O;

In the glove box, a 1-dram viakwas charged with
(LAYH)Fe as a finely ground powder and placed
into a Schlenk tube. The powder was completely
dried in vacuo to remove allhiesidual solvents.
The tube was sealed with a @fass stopper and
transferred to a gas manifold @lder 1 atm of dry
oxygen, resulting in an instantfeblor change from
beige to red. After 60 min exposure, the oxygen
atmosphere was removed if''vacuo and the
Schlenk tube was transferred iMo a glove box for
further manipulations.

Method C: Exposure of (LA°H)Fe solutions to O,

In the glove box, a J-young tube or Schlenk bomb
with a magnetic stir bar was charged with a
solution of (LAH)Fe. The vessel was sealed,
removed from the glove box, and transferred to a
gas manifold under 1 atm of dry oxygen. The
solution was freeze-pump-thawed once before
being exposed to oxygen to give a deep red
solution of an NMR silent material. Modification
for EPR samples: an EPR tube was charged with a
5 mM toluene solution of (LAYH)Fe, capped, and
removed from the glove box before quickly being
chilled in a dry ice/isopropanol bath. The tube
was uncapped, and a long needle under positive
pressure of O, was submerged in the solution for
10 seconds. The tube was quickly submersed in a
liquid nitrogen bath to form a glass. Modification
for UV-Vis: a Schlenk cuvette was charged with a
72 uM solution of (LAH)Fe, sealed, and interted
into a UNISOKU instrument precooled to -80 °C.
Upon temperature equilibration, 1mL of dry O,
was slowly injected into the cuvette.

In situ-generated CesDs solutions of (LAYH)FeO,
prepared in this manner rapidly lose the
paramagnetically shifted 'H NMR features
ascribed to (LAH)Fe within minutes. Monitoring
the magnetic moment of these solution by Evan’s
method reveals a negligible change in frequency
shift (Fig S25). Over longer time periods,
unidentified diamagnetic impurities begin to
accumulate. Due to the instability of the
compound in solution, reporting an accurate
magnetic moment via this method would be
difficult but the negligible frequency shift is
consistent with an S = 2 species at room
temperature. UV-Vis (Benzene, 298K, nm {cmM-
11): 335 {9200), 420(5900).

ASSOCIATED CONTENT

Experimental procedures, spectra and
characterization data. This material is available free
of charge via the Internet at http://pubs.acs.org.
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1,5,7-triazabicyclodecene (TBD)
1,8-Diazabicyclo(5.4.0)undec-7-ene (DBU)
2-Phenylpropionaldehyde (2-PPA)

Density Functional Theory (DFT)
Electronic Paramagnetic Resonance (EPR)

Ferrocene (Fc)



Fourier Transform Infrared (FTIR)
Hexamethyldisilazide (HMDS)
Nuclear Magnetic Resonance (NMR)
Triethylamine (NEts)

Turnover Number (TON) consistent
X-Ray Diffraction (XRD)
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