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ABSTRACT: We report the synthesis of two metal bis(amidophosphine selenide)
complexes, ML, (M = Fe, Co; L = SePPh,N~)Tol), and investigate their reactivity
toward ligand binding and oxidation with oxygen atom transfer reagents, pyridine-N-
oxide and mesityl nitrile oxide. The oxidative strength of the reagent dictates the
nature of the reactivity: either the ligand is oxidized, leadlng to the formation of a
OPPh,N* Tol), or the metal center

bimetallic mixed-ligand complex [MLL'],, (L' =

pyO: metal coordination/oxidation

M = Fe, C
TOIT\PPh o
¢ LM Il()l
ToIN™" 3 -
Phy J—"se MesCNO: o \F;ZO/ML
ligand oxidation h\
L = SePPhzNTol PhaP—NTol

is oxidized, resulting in a bimetallic y#-oxo complex [FeLz]z(y2 O). This study defines a chemical space in which amidophosphine

selenide ligands maintain their structural integrity.

B INTRODUCTION

Metal complexes featuring amidophosphine selenide ligands
have been previously studied for their potential as single source
precursors for the deposition of metal chalcogenide phases (M’
= Ti—Ni, Zn, and Cd)1 ~* but also as catalysts for the
hydroammatlon of alkenes (M’ = Ln)® and heterocumulenes
(M’ = Ti),"” or in ring-opening polymerizations (M’ = Mg—
Sr).>? The hard amides and soft selenium atoms create a
versatile coordination environment for a wide range of metals,
and the metal—selenium interactions are poised to provide
structural flexibility and even open coordination sites on
demand.'® At the same time, the P=Se moiety is liable to
undergo chemical transformations that compromise the ligand
integrity.''~'” Here, we report the synthesis of two metal
bis(amidophosphine selenide) complexes, ML, (M = Fe, Co; L

= SePPh,N”)Tol), and explore their reactivity toward ligand
binding and chemical oxidation with oxygen atom transfer
reagents.

Our group has employed amidophosphine ligands to anchor
catalytically active “edge” sites on the surface of a cobalt
selenide cluster “support” (CogSeg; Figure 1). =17 This edge/
support cluster construct prowded molecular 1n51ghts into
metal—support 1nteract10ns, * allosteric effects,"® and multi-
active site dynamics'’ that are at play in heterogeneous
catalytic interfaces. Mapping the reactivity of the monometallic
ML, complexes, which have identical first coordination
environments to the cluster edge sites, sets the foundation
for elucidating the role of the CogSeg “support” in modulating
reactivity.

B RESULTS AND DISCUSSION

Synthesis and Properties of ML,. The Fel, and CoL,
complexes are obtained in good yields by treating the
aminophosphine selenide (L" = SePPh,NHTol) with iron or
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Figure 1. Monometallic amidophosphine selenide complexes ML,
replicate the first sphere coordination environment of M/Co/Se
clusters studied by our group.

cobalt hexamethyldisilazide (Scheme 1).'~* Single-crystal X-
ray diffraction analysis revealed that the iron and cobalt
complexes are isostructural. The metal center adopts a
pseudotetrahedral geometry, with two amidophosphine
selenide ligands bound x* through Se and N (Figure 2).'™
A bonding metric comparison between ML, complexes and the
cluster edge sites they emulate reveals notable differences
(Table S1). The CogSeq cluster surface constrains the Se—M—
Se angles to be more acute than those in the ML, complexes,
widening the corresponding N—M—N angles and accentuating
the deviation from a tetrahedral coordination environment at
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Scheme 1. Synthesis of ML, Complexes (M = Fe, Co)
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Figure 2. Solid-state structures of (a) FeL, and (b) CoL,. Ellipsoids
were plotted at 50% probability. Hydrogen atoms and cocrystallized
solvent molecules are omitted for clarity.

the metal. For instance, Se—M—Se and N—M—N angles are
126 and 116°, respectively, in FeL, and 92 and 145° in the
cluster FeCogSeq(PEt;),(PPh,NTol), cluster counterpart.lé
The P—N bonds are slightly contracted in the ML, complexes
compared with the cluster edge sites. This contraction is
compensated for by an elongation of the Co—Se bonds in
CoL,, whereas in FeL,, the contraction is offset by a
lengthening of the Fe—N bonds. Solution magnetic moment
determination using the Evans method'” reveals that just like
the cluster edge sites,"*'® the ML, complexes feature high-
spin M** metal centers. The magnetic moment is estimated to
be 4.9(3) and 3.9(3) g, respectively, for Fe and Co.
Adduct Formation. In solution, ML, complexes form
adducts readily with exogenous ligands like pyridine-N-oxide
(pyO) and tert-butyl isocyanide (CN'Bu). Single-crystal X-ray
diffraction studies reveal that a single pyridine-N-oxide binds
associatively and gives rise to five-coordinate monoadducts. In
the solid state, the ML,(Opy) adducts are isostructural and
feature a distorted square-pyramidal geometry, with the
exogenous ligand bound apically (Figure 3). In contrast,
when binding to the cluster edge sites, monodentate
exogenous ligands displace a selenium site, the metal
preserving a four-coordinate, pseudotetrahedral geometry.'*'®
Although both M—Se bonding interactions are retained in the

b) ColL2(Opy) o

) )

; oo Se /F/e“\%\ )
PY7N T

’jﬂ Q Py

a) FeL2(Opy) >

Figure 3. Solid-state structures of (a) FeL,(Opy) and (b) CoL,(Opy)
adducts. Ellipsoids plotted at 50% probability. Hydrogen atoms are
omitted for clarity.
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monometallic adduct ML,(Opy), ligand coordination weakens
them. The M—Se bonds elongate from 2.49 to 2.69 avg A for
Co and from 2.50 to 2.69 avg A for Fe (Figure 3; Table S1)
upon pyO binding. Binding constant determination using 'H
NMR spectroscopy reveals that pyO binds much more strongly
to Fe than Co (10,826 vs 70 M™!; Sections S2.3a and S2.3c).
Nevertheless, the ML,(Opy), (x < 1) adducts are substoichio-
metric upon isolation in bulk, indicating the reversible binding
of pyO to the metal center.

While adding excess pyO to ML, complexes does not lead to
bis-adduct formation, in situ NMR and IR spectroscopy
analysis reveals that the stronger o-donor and sterically less
encumbered tert-butyl isocyanide might. For example, 'H, *'P,
and 77Se NMR spectroscopies suggest that a mixture of
FeL,(CN'Bu), bis-adduct isomers forms when CN‘Bu
(minimum 2 equiv; Figures S6—S8) is added to the parent
complex. The NMR analysis is particularly revealing for iron
adduct formation since the putative FeL,(CN'Bu), isomers are
diamagnetic, as expected for low-spin, hexacoordinate d° metal
centers. The cobalt adducts display broad, paramagnetic 'H
NMR signals and no observable *'P and 7’Se NMR peaks
(Figure S12). In contrast to iron, the cobalt reaction mixture
continues to evolve as increasing amounts of ligand are added
(1-25 equiv of CN'Bu, Figure S12). This suggests that
isocyanide binding is relatively weak, as also seen for pyridine-
N-oxide. The vibrational spectrum of the ML,(CN‘Bu),
adducts contains two main features in the 2200—2125 cm™!
region, which could result from different ratios of trans- and cis-
isocyanide isomers between the two metal complexes (Figures
SS and S11).

Reactivity with Oxygen Atom Transfer (OAT) Re-
agents. Although stable at room temperature for extended
periods of time, thermolysis of the ML,(Opy) monoadducts
uncovers their differentiated reactivity. While the cobalt adduct
CoL,(Opy) is stable under thermolytic (12 h at 60 °C) or
photolytic (3 h) conditions, FeL,(Opy) converts to a mixture
of partly oxidized products upon heating (1 h at 60 °C): a
bimetallic mixed ligand complex [FeLL'],, in which the Fe is
bound by one amidophosphine selenide ligand (L) and one
amidophosphine oxide ligand (L’ = OPPh,NTol), and a
bimetallic y,-oxo complex [FeL,],(¢,-O) (Scheme 2a). The
mixed ligand complex [FeLL'], is obtained pure using mesityl
nitrile oxide (MesCNO), as discussed below (Scheme 2b).

In the solid state, [FeL,],(y,-O) features reveal two square-
pyramidal, inequivalent FeL, centers (z° = 0.08 and 0.19)
bridged by a single oxo atom (Figure 4c). [FeL,],(#,-O) has a
perfectly linear Fe—O—Fe angle (180.0°), and the Fe—O
interatomic distances in [FeL,],(u,-O) are asymmetric
(1.771(5) and 1.755(5) A), which is not unusual for the
Fe—O—Fe moiety.20 The FeL, fragments in [FeL,],(u,-O)
exhibit structural features similar to FeL,(Opy), with elongated
Fe—Se interatomic distances compared to the parent FeL,
complex (2.50 vs 2.64 avg A; Table S1). The magnetic
moment of [FeL,],(u#,-O), estimated using the Evans method
to be 1.0(3) g, is characteristic of two antiferromagnetically
coupled Fe(Ill) S = 5/2 centers.””*" A feature at 350 (e =
3,794 M™' cm™") is observed in the electronic absorption
spectrum and can be attributed to an oxo-to-Fe charge transfer
transition (Figure $19).”” Comparison of the infrared spectra
of FeL, and [FeL,],(¢,-O) enables the identification of a new
feature at 852 cm™}, which is attributed to the Fe—O—Fe
asymmetric stretch (Figure S17).”° Since the first synthetic
diiron p1,-oxo complex in 1933,”> many synthetic reports of this

https://doi.org/10.1021/acs.organomet.4c00468
Organometallics 2025, 44, 335-339


https://pubs.acs.org/doi/suppl/10.1021/acs.organomet.4c00468/suppl_file/om4c00468_si_001.pdf
https://pubs.acs.org/doi/suppl/10.1021/acs.organomet.4c00468/suppl_file/om4c00468_si_001.pdf
https://pubs.acs.org/doi/suppl/10.1021/acs.organomet.4c00468/suppl_file/om4c00468_si_001.pdf
https://pubs.acs.org/doi/suppl/10.1021/acs.organomet.4c00468/suppl_file/om4c00468_si_001.pdf
https://pubs.acs.org/doi/suppl/10.1021/acs.organomet.4c00468/suppl_file/om4c00468_si_001.pdf
https://pubs.acs.org/doi/suppl/10.1021/acs.organomet.4c00468/suppl_file/om4c00468_si_001.pdf
https://pubs.acs.org/doi/suppl/10.1021/acs.organomet.4c00468/suppl_file/om4c00468_si_001.pdf
https://pubs.acs.org/doi/suppl/10.1021/acs.organomet.4c00468/suppl_file/om4c00468_si_001.pdf
https://pubs.acs.org/doi/suppl/10.1021/acs.organomet.4c00468/suppl_file/om4c00468_si_001.pdf
https://pubs.acs.org/doi/suppl/10.1021/acs.organomet.4c00468/suppl_file/om4c00468_si_001.pdf
https://pubs.acs.org/doi/10.1021/acs.organomet.4c00468?fig=sch1&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.organomet.4c00468?fig=sch1&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.organomet.4c00468?fig=fig2&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.organomet.4c00468?fig=fig2&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.organomet.4c00468?fig=fig2&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.organomet.4c00468?fig=fig2&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.organomet.4c00468?fig=fig3&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.organomet.4c00468?fig=fig3&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.organomet.4c00468?fig=fig3&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.organomet.4c00468?fig=fig3&ref=pdf
pubs.acs.org/Organometallics?ref=pdf
https://doi.org/10.1021/acs.organomet.4c00468?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as

Organometallics

pubs.acs.org/Organometallics

Scheme 2. Reactivity with Oxygen Atom Donors
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Figure 4. Solid-state structures for (a) [FeLL'],, (b) [CoLL’], and (c) [FeL,],(#,-O). Ellipsoids plotted at S0% probability. Hydrogen atoms,

disorder, and cocrystallized solvent molecules are omitted for clarity.

inorganic unit have emerged in platforms typically stabilized by
O, N, or S chelating ligands.””*"**** [FeL, ],(4,-O) represents
the first structural report of an iron y,-oxo complex with Se in
the primary coordination sphere.

Heating FeL, in the presence of excess pyO (3 equiv, 12 h,
60 °C) further advanced the oxidation process of the complex.
Although not isolated in bulk, a single crystal of [FeL',],(4,-
O) was obtained from the complex reaction mixture and
analyzed by X-ray diffraction (Section S4.8). Featuring a
geometric structure similar to bicyclo[3.3.1]nonane,
[FeL’,],(4,-O) is a bimetallic p,-oxo complex in which all
the Se atoms have been replaced by oxygen atoms (Figure
$28).

Although pyridine-N-oxide forms adducts readily with both
the iron and cobalt ML, complexes, it oxidizes only the former.
Our studies revealed its promiscuity toward oxidizing both the
amidophosphine selenide ligands and the metal center in FeL,.
To explore the oxidation of the cobalt complex and to test if
selective ligand oxidation could be achieved in the ML,
complexes, we turned to a different oxygen transfer reagent.
MesCNO is a stronger oxygen atom transfer reagent that is not
prone to form stable adducts with metal complexes, but that
can oxidize tertiary phosphines rapidly under ambient
conditions.”**” Here, we discover that, unlike pyO, MesCNO
reacts selectively with both Fel, and CoL, to produce the
mixed ligand [MLL’], complexes quantitatively, without
transferring an oxygen atom to the metal center (i.e., Fe).

Treatment of FeL, with MesCNO results in a color change
from yellow to dark red and the quantitative formation of a
soluble paramagnetic species identified as the mixed ligated
complex [FeLL’], and a red precipitate (Scheme 2a). The
insoluble byproduct is identified as red Se (1 equiv): the
material is insoluble in common organic solvents, converts to a

337

gray powder upon heating (i.e., gray Se),”® and reacts with
triphenylphosphine to produce SePPh; (Section S2.4). Single-
crystal X-ray diffraction analysis confirmed the identity of the
paramagnetic species to be the dimeric species [FeLL'],
(Figure 4a). In the solid state, the amidophosphine oxide
ligand chelates between two Fe centers to form an eight-
membered ring (Fe—N—P—O—Fe—N—P—0) in a boat-chair
conformation. Similarly, treating CoL, with stoichiometric
amounts of MesCNO results in an immediate color change
from green to blue and the quantitative formation of the mixed
ligand complex [CoLL’],. Single-crystal X-ray diffraction
analysis of this species reveals that the cobalt mixed ligand
complex is dimeric in the solid state and isostructural to the
iron congener (Figure 4b).

B CONCLUSIONS

The bis(amidophosphine selenide) coordination environment
provides rich structural versatility, enabling the coordination of
exogeneous ligands and the formation of bimetallic complexes.
While the iron complex FeL, is more prone to oxidation than
its Co counterpart, both complexes are susceptible to oxidation
of the P===Se unit in the presence of oxygen atom transfer
reagents. Although the reactivity of the analogous cluster-
supported edge sites with oxygen atom donors has not been
explored, we hypothesize that the CogSeg core may offer
increased protection against ligand degradation compared to
the ML, complexes.
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General experimental considerations, synthetic proto-
cols, and experimental characterization including
crystallographic data (PDF)

Accession Codes

Deposition Numbers 2298461—-2298464, 2298467, 2400818,
2400838, and 2400839 contain the supplementary crystallo-
graphic data for this paper. These data can be obtained free of
charge via the joint Cambridge Crystallographic Data Centre
(CCDC) and Fachinformationszentrum Karlsruhe Access
Structures service.
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