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Explicit Description of Specific Objectives Pursued and Results Obtained
(a) Extensive Description of Results

During the 5-year funding period, our research focused on fundamental studies of the nature
of metal-metal interactions in our originally reported early/late Zr/Co heterobimetallic
complexes,* the factors that affect these interactions, the reactivity of Zr/Co complexes towards
small molecule activation, the development of catalytic applications of Zr/Co complexes, the
extension of the tris(phosphinoamide) framework to new metal-metal combinations containing
two first row metals, and the investigation of late transition metal homobimetallics in which each
metal center occupies a dramatically different coordination environment. Prior support has
resulted in 27 publications in peer-reviewed journals,?? including 3 invited review articles.” % %
As detailed below, these studies of Cs-symmetric systems have resulted in a deeper
understanding of metal-metal multiple bonding involving first row transition metals, and have
provided insight into the key design principles that promote cooperative reactivity with
bimetallic systems.

Fundamental Studies of Electronic Structure and Bonding in Heterobimetallic Zr/Co
Complexes. For our initial investigation, we chose to investigate a family of Zr/Co complexes -
ICo[Ph,PN'Pr]sZrCl (1), ICo['Pr,PNMes]sZrCl (2, Mes = 2,4,6-trimethylphenyl) and
ICo['Pr.PN'Pr]sZrCl (3) — modulating steric and electronic properties using variations in alkyl
and aryl substituents on both the

phosphorus and nitrogen atoms,! ~ Scheme 1.
A computational investigation R‘ﬁ\_;‘z \ﬁ\ ’Prz
using density functional theory SNTTPRY o Narkg, Ny, THF | N—=FPr,
(DFT) revealed Co—>Zr donor- Cl*Zr\ ?041 —_— L—Zr._;zo N=N
acceptor interactions from the N—pR, 2 Cotle-NaX N——Fer
. . v 2 R=pr s 2
filled d,= orbital on Co to the R 1:R=Ph, R = Pr Vacuﬁm 5:R' = Mes, L = THF
empty d,2 orbital on Zr, with mf“#ﬁ# 2:R=Pr, R' = Mes N, 6: R =Pr, L = none
stronger interactions in the case 3:R=R="Pr RS hes

R=Ph, R'='Pr

of the more electron-rich Co

centers in  'PrP-substituted /[_< Ph, L '-.-Pr
complexes 2 and 3 that are also N N_j_Pth /[ N—R?

' . N
manifested in a shorter Co-Zr Cgkzr{ 777777 Co—N=N->-Na(THE), THF_Zr

interatomic distance (2.63 A for N_P/Ph /

2 and 3 vs 2.73 A for 1). Upon ~ ? _Pprz

finding that these complexes 4 2

were ~ 1.0 V easier to reduce

than their monometallic Co tris(phosphine) analogues using cyclic voltammetry, the chemical
reduction of these complexes was investigated. Chemical reduction of bulk samples of 1-3 under
N, leads to isolation of two-electron reduced  dinitrogen-bound  species
[{N2Co[Ph,PN' 'Pr]5ZrC1},-(Na(THF))]* (4), N,Co['Pr,PNMes]sZr(THF) 5) and
N,Co['Pr,PN'Pr]sZr (6), respectively (Scheme 1).2 In all of these cases, the increase in electron
density upon reduction leads to contraction of the intermetallic Co/Zr distance (e.g. 2.54 A (4);

2.36 A (5); 2.33 A (6)), and in the case of the electron-rich 'Pr,P-substituted complexes 4 and 5,
the Zr-bound halide trans to the Co is labilized to open a coordination site at Zr.

P’Pr2
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Computational and spectroscopic investigations of metal-metal interactions. Electronic
structure calculations on 5 indicate that in addition to the Co-Zr bond resulting from overlap of
the d,, orbitals (o) there is also substantial overlap between the dy, and dy, orbitals () of Co and
Zr, as shown in Figure 1.
Since the orbitals involved in
this  Co—>Zr  =-bonding
interaction are the same
orbitals participating in -
backbonding to N, the bond
order is best described as 1o +

d,.-d, d

yz-dyz 2(1/2m) bonds. This
phenomenon is also
..Go22r mbonds (partia) manifested in a relatively high
21 imeeronc W\ infrared N, st_retch compared
o 10— (PrNHPPh;),Col | s / "\}/- . to monometallic Co analogues
gos T W% , as the result of weakened =-

2 N —FPr; .
Zos N——prrz backbonding. Removal of the
HIE w0l P THF—Zr.._Co N, coordinated N, from 5 leads to
z, _ —Prpr2 the coordinatively unsaturated
0o I I .. I TN 7715 - Complex
e Co['Pr,PNMes]sZr(THF) (7),

oton energy (ke - . .

Figure 1. Molecular orbitals illustrating the metal-metal interactions in in which a full Co->Zr triple
complex 5 (top), and Co K-edge XANES spectra of complex 5 and bond with an intermetallic

reference compounds of known oxidation state, revealing a zwitterionic

Zr'V/Co” description as depicted on the right (bottom). distance of 2.14 A is achieved

(Scheme 1).>  While the
presence of a Zr-bound halide in complex 4 leads to reactions essentially identical to a reduced
monometallic Co complex,* the highly reduced, effectively coordinatively unsaturated
heterobimetallic molecules 5-7 are poised to react with a wide variety of substrates at either
metal center. Indeed, diverse examples of reactivity are observed (vide infra), but to understand
the origin of these transformations, it is important to first understand the nature of the Co-Zr o
bond in 5. The question of whether this bond is best described as “dative” or “polar covalent”
could also be posed in terms of the effective oxidation states of Co and Zr, so to address this
question, complex 5 along with a series of structurally similar reference complexes were
examined using X-ray Absorption Near Edge Structure (XANES) spectroscopy in collaboration
with the research team of Jeff Miller at Argonne National Laboratory. Upon examination of both
Zr and Co K-edge XANES spectra of 5 and comparison to compounds of known oxidation state,
it was determined definitively that complex 5 is best described as a Zr'V/Co" zwitterionic
complex, as depicted in Figure 2.

Sensitivity of metal-metal interaction to ligand variations. Several systematic studies have
been undertaken to explore the effect of ancillary ligands on metal-metal interactions. Using a
Zr/Pt model system, X,Zr('PrNPPh,),PtMe,, it was found that the identity of the Zr-bound
ligands X has a substantial effect on the Pt->Zr dative interactions.? The Pt-Zr interatomic
distance increased with electron-donating ability of X in the order CI" < CH,SiMes;” < NMe,',
demonstrating that the Lewis acidity of Zr could be modified using ancillary ligands to tune the
strength of the metal-metal interaction. Similarly, we had already shown a dramatic difference in
the metal-metal interactions and reactivity of Zr/Co complexes upon varying the

4
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phosphinoamide phosphorus substituent from Ph to 'Pr (vide supra), with much stronger metal-
metal interactions and more interesting cooperative reactivity in the presence of the more
electron-rich alkyl phosphine substituents. * Recently, we also demonstrated that variations in
the N-aryl amide substituents also lead to dramatic differences in the reactivity of reduced Zr/Co
complexes. In a recent publication,?” we demonstrated that changing the mesityl substituents of
complex 5 to m-xylyl groups in NCo['Pro,PNXyl]sZr(THF) (8, Xyl = 3,5-dimethylphenyl)
increases the infrared N, stretching frequency from 2026 to 2045 cm™. This electronic difference
also manifests itself in decreased reactivity of 8 compared to 5.2’

Small Molecule Activation and Catalysis. With a family of heterobimetallic Co/Zr
complexes in various redox states already in hand, we examined their utility in small molecule
activation reactions and catalysis. Owing to the labile ligands or open coordination sites at both
the Co and Zr sites in 'Pr,P-substituted reduced complexes 5-7, these two complexes were the
focus of these studies. In most cases, we have found that N,-free complex 7 reacts similarly to
complex 5, so most of the efforts discussed below have been focused on the reactivity of
complex 5.

Scheme 2

MesMes  Prp MesMes  'Pr
“N-l—F Meﬁdﬁs ‘Wd—P. "
H N_'__"‘F\Prz N\—F.Prz : N-'_'.'P\P"z
iPr,P— Zr ———Co—X : — 7f ~———Co—X

Pr.
\rj . & Co—z}/——,}to—wz — ZP\N/ .

CJ C

“H \ o=
| R+ Me _N—FPPr, R=Me Wi H
H Mes H

10 5 9

Reactivity towards C-X Bonds and catalytic cross-coupling. Complex 5 was shown to react
rapidly with alkyl halides RX to form either the well-defined oxidative addition product 9 (R =
Me) or intramolecular C-H activation products 10 (RX = Etl, 'Prl, chlorocyclohexane), as shown
in Scheme 2.* We saw this as an opportunity to investigate C-C bond forming cross-coupling

, , reactions, since (1) most cross-coupling reactions are
Table 1. Results of Kumada coupling reactions

using heterobimetallic Zr/Co catalysts 1-3. Catalyzed by noble metals such as Pd, and Zr and Co
cat (5 mok5%) are both cheaper and more Earth-abundant, (2) cross-

MOSMgBr < R @0 ma, TOLR coupllng with alrt<dyl halltrjde reactions are rare, given the
THF. £t propen_SIty for_ 2_ ar_ld 3" row metal alkyls_ to under_go

Entry R-X o Yietdle] B-hydride elimination, and (3) organic chloride

el w2 cms  Substrates are known to be the most difficult to
activate owing to the strength of the C-CI bond, but
! SN e e ws our Zr/Co complexes can very rapidly activate these o
bonds. All three Zr/Co derivatives 1-3 were shown to
o be catalysts for the coupling of n-octylMgBr with a
NN 926 954 9. series of primary and secondary alkyl halides (Table

1). Notably, prior to our report there were no previous

2 o~ 280 458 772

Br
4 O/ 37 932 990 reports of Co catalysts with activity towards alkyl
chlorides, and a monometallic analogue of
) “ s e heterobimetallic complex 1, ICo(Ph,PNH'Pr);, was
' O/ also inactive towards alkyl chlorides. This result

implies that the presence of Zr is unequivocally
responsible for the enhanced activity we observed. Preliminary studies into the mechanism of
this reaction in an effort to understand the individual roles of both Zr and Co have revealed that

5
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the reaction proceeds via a radical pathway, despite the overall two-electron transformations
occurring.

Scheme 3
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Element-hydrogen bond activation. In light of the ability of 5 to oxidatively add ¢ bonds
across its metal-metal bond, the reactivity of 5 towards dihydrogen was investigated.
Unfortunately, while 5 does react with excess hydrogen to cleave two molecules of H,, H-H
activation is also accompanied by P-N bond cleavage to cleanly afford product 11 (Scheme 3).*
Although this reaction is not productive as it involves ligand decomposition, this result inspired
our later work into catalytic hydrosilylation chemistry (vide infra). Turning our attention to O-H
and S-H bonds, we have recently discovered that the O-H bonds in phenols, alcohols, and even
water can be activated readily by 5 at room temperature via a one-electron process, to generate
one-electron oxidized complexes of the general form RO-Zr(MesNP'Pr,)sCoN, (12, Scheme 3),
with concomitant release of 0.5 equiv H,.?° On the other hand, PhSH reacts via a two-electron
oxidative addition process, generating the bis(thiolate) complex (MesNP'Pr;)Zr(MesNP'Pry),( -
SPh)CoSPh (13, Scheme 3). To further investigate these mechanisms, we have examined similar
reactivity using organic peroxides ROOR, confirming that sequential one-electron transfer
pathways are at play and that product preferences are dictated by hard/soft acid/base concepts.
Similar one-electron dissociative electron transfer reactions were observed when 5 was treated
with hydrazine derivatives RNHNH,. As shown in Scheme 3, treatment of 5 with RNHNH,
affords the one-electron oxidized Zr-hydrazido complex (n>-RNNH,)Zr(MesNP'Pr,)sCoN, (14).

Carbon Dioxide. Perhaps the most interesting small molecule activation reactivity we have
uncovered with our Zr/Co systems is the reaction between reduced complex 7 and carbon
dioxide. Complex 7 readily reacts with one equivalent of CO, at temperatures well below room
temperature to cleanly generate complex 15, in which a thermodynamically stable C-O double
bond has oxidatively added across the Co-Zr bond (Scheme 4).> While complex 15 reacts readily
with both electrophiles (e.g. H", TMS®, Me") and silanes (RsSiH), the resulting products such as
16 (Scheme 4) feature strong Zr-O bonds that are resistant to cleavage under mild conditions,’
making it very difficult to envision a method to make this stoichiometric CO, addition part of a
viable catalytic CO, reduction cycle. We also ascertained via cyclic voltammetry that the CO,
activation product 15 could be re-reduced at relatively mild potential (~ -1.8 V vs Fc/Fc?),
prompting us to investigate the chemical reduction of 15 in an effort to understand the
stoichiometric steps in a potential electrocatalytic CO, reduction cycle. Reduction of 15 with
excess Na/Hg results in the doubly-reduced x*-CO3* dianion 17 (Scheme 4). Contrary to the
stoichiometry of the reaction, this product contains an additional CO, equivalent and reduction of
15 in the presence of extrinsic CO, improves the yield of 17 substantially. More carefully
controlled  chemical reduction of 15 affords the wunusual Zr-oxoanion T[O-
Zr(MesNP'Pr,)3Co(CO)] (18) in very low vyield (Scheme 4).° After developing an alternative

6
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synthetic route to 18, its reactivity towards an additional equivalent of CO, was investigated.
Indeed, the oxoanion reacts readily with CO, to generate the k*-carbonate complex 19, as shown
in Scheme 4, and a **C labeling experiment reveals that CO, binding is reversible.*®* Complex 19
can be further reduced to 17, demonstrating the stoichiometric steps at play in the formation of
17 from 15 and extrinsic CO, under reductive conditions. As would be expected for an early
metal oxo anion, the oxo ligand of 18 reacts readily with electrophiles, but in all cases inert Zr-O
linkages remain problematic.*®

Scheme 4
Me; I
j M THE N
%S\—'F'-.'sz eﬁﬁﬁs_ i THF % _ ipr
I N—=PPr. \—FPr M :
i =) : Mes P N—=PPr Na. N FJ_P PPr
Comz‘r o — » NS 2 / o iy 2
\“_/ ‘ Zr=—Co—C0O ——>» O C Zrd—Co—CO
_N—FPPr, PP 15 I\% P’P .
Mes 7 Rjy l THE® / P)
Me, Te” THF
EA@S\——E_‘PE‘P Ve \1e
N B ra ﬁ‘ﬁs\—P_Prz_ &ﬁs
_0—ZzZf=—Co—CO P NP NA—FPr
RsSi \ A co, o { N—=PPr
N—-pipr, H LM----O=Zr-——C0o—CO ——~ N/ =\
2 e = LM—0—C 1l
Mes” 16 ® \ / N, . Zr=<——=Co—CO
_N—FPPr, 07\ /
Mes™  4g _N—FPPr,
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Reactivity towards C=E double bonds and catalytic hydrosilylation. Upon discovering such
facile reactivity towards the polar C=0 bonds in CO,, we chose to investigate ketone/aldehyde
hydrosilylation chemistry (in hopes of eventually applying this to the hydrosilylation of CO,
itself). As shown in Table 2, the reduced Zr/Co complex 5 is an active catalyst for the
hydrosilylation of ketones.?* Most interesting to us, however, is that monometallic Zr complexes
(e.g. ClZr(MesNPiPr,);) are completely ineffective catalysts (0% conversion), and monometallic
Co complexes (e.g. ICo(PPhg)s or ICo(Ph,PNH'Pr)s) are far less active (30-45% vyield with
benzophenone under identical conditions). In an effort to further understand the specific roles of
Zr and Co in this catalytic process, the mechanism was investigated using stoichiometric
reactions. We found that complex 5 does not react with PhSiH3 but does react readily with
ketones. Treatment of 5 with benzophenone affords the isobenzopinacol product 20, resulting
from coupling of two benzophenone ketyl radicals through their benzylic and para positions
(Scheme 5).%* Product 20 is a competent precursor
to hydrosilylation products suggesting that an
equilibrium exists between this coupled product and

Table 2. Hydrosilylation of ketones catalyzed
by complex 5.

o - SiHs mol% & 4M HCI OH

the ketyl radical monomer. RAR, Q/ : ,,:: S R R

The stoichiometric reaction between 5 and ey substrate emp (°C) Time(h)  yield (%)
diarylketones leads us to postulate a hydrosilylation ! r 6 97
mechanism in which inner-sphere electron transfer .

2 rt 6 98

from Zr/Co complex 5 forms a Zr-bound ketyl = .

. . 3 ‘j rt 6 ¥
radical which then abstracts an H-atom from @
PhSiH3, subsequently forming an Si-O bond.** In t 6 o8°
keeping with this mechanism, we have shown that _
stable ketyl radical complexes such as 21 can be ° ) S . o %
isolated without dimerization when stabilized or ° [L it 12 i
sterically-blocked diaryl ketones such as fluorenone . . " o3
or 4,4’-dimethylbenzophenone are used.?® However,
it was found that single-electron transfer does not s n 12 98°




occur upon reaction of 5 with

electron
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rich diaryl ketones such as 4,4’-

bis((Dimethylamino)benzophenone but rather the diamagnetic ketone adduct complex 22 is

isolated. Interestingly, diamagnetic ketone add

Scheme 5

P'Pr,

N— P'sz >—O—Zr/<—Co
0—7f do—n \
Ar>: -/ 2 N——~P/ F‘rz
N——P'Pr,
22
s=0

ucts such as 22 do not afford hydrosilylation
products upon
treatment with
PhSiHgz, indicating the
intermediacy of ketyl

o N §Per radicals in the
—Lre—L0— - -
— \ ’ hydrosilylation
Ph N—-Ppr, .
mechanism.

To explore the
equilibrium  between

Ny

20 and its ketyl

on A N“F”Péi\ . fadical monomer 21,
N o \/ complex 20 was
heated.

N

23
@ Unexpectedly, a new
product was formed
and identified as the
oxo-carbene complex

23 (Scheme 5).1° While this C-O bond cleavage event is analogous to that we observed for CO,,
the formation of transition metal carbenes via this type of synthetic strategy is quite rare.
Moreover, complex 23 represents the first structurally characterized example of a non-
heteroatom-stabilized Co-carbene.

Reactivity Towards Oxidative Nitrene Transfer. Given our ability to use heterobimetallic
Zr/Co frameworks to undergo multielectron

Scheme 6

o Ns i redox transformations, we investigated the
NA— PP;_ZIPQ 2 N\N i’P;pPrg reactivity of Zr/Co heterobimetallic complex 6
I with respect to oxidative nitrene transfer from
Hefo—ten Gz C%“@ | azides. In contrast to previously observed
v 3N, Ndlen, aryl azides. In contrast to previously observe
WA P one- and two-electron transfer processes,
Ns P treatment of complex 6 with excess ArN;
2™ N, reagents rapidly generates the Zr'VCo"" diimido
’]‘\z:'r’\ /"CUENJ& complexes 24 and 25.%° This reaction represents

Ve N . . . .
Vi / a four-electron oxidation reaction with all four
\<j 25 electrons originating at the Co center, which

cycles between Co™ and Co"' in a single step.

New metal-metal combinations. As described above, the majority of our work with
heterobimetallic complexes has been centered on Zr/Co complexes, which have shown
remarkable and diverse reactivity towards the activation of both o and m bonds. In addition to
uncovering new facets of metal-metal bonding and new examples of cooperative reactivity, we
sought to target heterobimetallic complexes featuring less oxophilic metals in the context of
developing more useful and potentially catalytic reactions with carbon dioxide and other
oxygenated substrates. Given the paucity of metal-metal bonded complexes containing two
different first row metals, we turned our attention to the construction of Cr/M and V/M
heterobimetallic complexes.
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First row-first row heterobimetallics. Despite the synthetic challenges posed by the 2™ and
3" row group 5 metals
(vide infra), the Scheme?

tris(phosphinoamide) - i

. . — Pr Prip
vanadium  metalloligand N\ fine ' P,Q\E_pphfjph e \.G\N_pphfjph
V('PrNPPhy); (26)  has L ML i ey 2 PMeg s : -
been successfull xs Zn® Mmoo .

Y |/ |/

synthesized and its  PhP N, N——PPh; ~N——FPh,

- - - ipr ;'Pr lPr
co_ordlnatlon chemistry Vv 28), Cr ) M=V, M = Fe (28) M=V, = Fo (29
with Fe has been explored M = Cr, M' = Fe (30), Co (32) M = Cr, M' = Fe (31), Co (33)

(Scheme 7). Coordination of 26 to Fel is possible in the presence of a reductant such as Zn’to
generate the VV'"'Fe' complex V('PrNPPh,)sFel (28). Further reduction of this complex leads to
formation of the diamagnetic reduced V'"'Fe’ complex (29). Both complexes feature
unprecedented metal-metal distances (~2.05 A) indicative of V-Fe multiple bonding.
Tris(phosphinoamide) Cr complexes such as Cr('PrNPPh,); (27)* can also be readily synthesized
and used to generate a series of Cr/M complexes (M = Fe, Co, Cu).?* The Cr'"'M' (30, 32) and
Cr'""MP complexes (31, 33) have M-M interatomic distances far longer than the \V/Fe analogues,

Figure 2. Variations in molecular orbital configurations, spin states, and metal-metalbond order
as a function of metal/metalcombination, coordination environment, and redox state.
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which was initially quite surprising. Moreover, the changes in metal-metal distance and spin
state upon changing from Fe to Co or upon reducing 32 to 33, were difficult to predict. The
electronic structures and metal-metal bonding of bimetallic complexes 28-33 were examined
using magnetic measurements, spectroscopic methods and DFT calculations, revealing that
changes in molecular orbital energies as a result of small variations in metal atom, coordination
environment and redox state lead to dramatic changes in metal-metal bonding and spin state
preferences (Figure 2).'* > Complexes 28-33 are among the first examples of metal-metal
multiple bonds between two different first row metals.* >

Preliminary studies into the reactivity of first row / first row heterobimetallic Cr/M and V/Fe
complexes have revealed sluggish reactions towards small molecules. Our working hypothesis is
that the bonding between two similar first row metals is too strong to facilitate reactivity and that
combinations of second/third row and first row metals will lead to more facile reactivity.

Late-late homobimetallics. Another facet of this project we have been exploring is the
combination of two identical or similar metals in vastly different coordination environments.

Chart 1. Homo- and hetero-bimetallic late metal l.JtIIIZIng the same phosphinoamide
complexes supported by the tris(phosphinoamide) ligand ligand set that has proven useful for

framework. early/late heterobimetallic work, we
| / have found in a series of first row late
- _ H. /< - \\—pph transition metal homo- and
N N—lppn, N 1 N—PPh, )\ heterobimetallic complexes that the

Lr’ \c“: —P|/= A M’ _____ '_"}w:..-w phosphinoamide ligands self-assemble

\ “ 2 \ / \ such that one metal is in a
N——PPh, N——PPh;  "PPh, tris(amide)coordination  environment

M = Mn. 34 M = Mn. 36 while the second metal is coordinated

M = Fe, 35 M = Fe, 37 by the three phosphines. For example

complexes 34-37 are readily
synthesized in a one-pot procedure (Chart 1).** ¥ While these complexes do involve similar or
identical metals, the two different coordination environments may promote polar bond activation
similar to that which we have observed in early/late heterobimetallic complexes. Very little is
known about high spin non-organometallic homobimetallic complexes and their electronic
structure, magnetic properties, and reactivity. Only a handful of complexes of this type have
been reported.***° Our work with phosphinoamide ligands adds to these studies, but presents an
interesting twist — the absence of symmetrical coordination environments disrupts metal-metal
bonding considerably and leads to even more complex bonding and unique properties. Likewise,

extensive spectroscopic and computational studies have been carried out on these molecules.'*" *?
Scheme 8
- % 4 5
N\ -_ - -
\—PPh — \— —
N N—=-FPh, " N—Pi,hfvphz o NLP,,h%mh2 N —Lp.,h%’th
S RN; 3 =\ FcPFg i/ =) L : R
Fe Fel—PMe; — Fell Fel=N—R ———=» F—~Fell Fel=N—R —— = F—Fell Fe!
\ / \ / / -RNL \ / L
N——FPh;, N——PPh, N——PPh, N——PPh,

A T AR Y iecon

We have begun to explore the interesting multielectron redox properties and stoichiometric
reactivity of our Fe-Fe heterobimetallic complexes. One-electron reduction of 37 affords the
reduced Fe''Fe' complex 38 (Scheme 8).** We found that compound 38 undergoes oxidative
group transfer with organic azides, leading to the Fe''Fe'' imido complexes 39, the first

10
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structurally characterized examples of first row bimetallic complexes featuring both metal-metal
and metal-ligand multiple bonds.** The electronic structure of this complex has been investigated
using SQUID magnetometry, Mdossbauer spectroscopy, and DFT calculations, revealing an
insightful correlation between metal-metal and metal-ligand bonding. We initially thought that
the three-center three-electron Fe-Fe=NR interaction in these complexes would allow these
compounds to be nitrene transfer reagents. However, we found that in contrast to monometallic
Fe-imido complexes,*® our diiron complexes 39 are unreactive towards nitrene transfer to CO or
isocyanides even at elevated temperatures. However, one-electron oxidation of 39 leads to
disruption of the Fe-Fe interaction, and the resulting oxidized species 40 react readily with CO or
'‘BuNC to transfer the nitrene functionality and form Fe''Fe' complexes 41 and 42, respectively
(Scheme 8).” While oxidation was shown to occur at the tris(amido)Fe center, disruption of the
Fe-Fe interaction restores the nucleophilicity of the Fe-imido fragment, allowing it to react with
electrophilic substrates in a manner similar to monometallic Fe-imido complexes. The
observation that metal-metal interactions actually hinder some stoichiometric reactions in this
case is in stark contrast to our previous observations with early/late heterobimetallic systems and
further study is warranted to explore the generality of this phenomenon.
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