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mplexes and their reduction
reactions with binary transition metal carbonyls

Yixiao Jiang,a Maryam Niksefat,a Sophie G. Unsworth,a Joseph M. Parr,a

Matthew J. Evansab and Cameron Jones *a

Three very bulky b-diketimine protio-ligands (ArNacnacH, {(Ar)N]C(But)}2CH2, Ar = 2,4,6-tricyclohexylphenyl

TCHP; 2,6-dicyclohexylphenyl DCHP; TCHP/Dip, Dip = 2,6-diisopropylphenyl) have been synthesised. These

have been used to prepare monomeric, three-coordinate b-diketiminato magnesium iodide complexes,

[(ArNacnac)MgI] (Ar = TCHP 1, DCHP 3, or TCHP/Dip 5). Sodium metal reduction of 1 afforded the thermally

robust anionic magnesium(0) complex [{(TCHPNacnac)Mg}Na]2 6 in good yield. In contrast, reduction of less

bulky [(DCHPNacnac)MgI] 3 gave a mixture of unknown products, whilst reduction of [(TCHP/DipNacnac)MgI] 5

yielded the mixed oxidation state magnesium compound, [{(TCHP/DipNacnac)Mg}2Mg] 7. The related

compound [{(TCHPNacnac)Mg}2Mg] 8, was prepared by reduction of a 2 : 1 mixture of [(TCHPNacnac)MgI] 1 and

MgI2. Computational analyses of 6 and 8 reveal their electronic structures to be comparable to those of

previously reported analogues of these compounds. Reduction reactions between magnesium(0) compound

6 and the neutral groups 6 and 7 transition metal carbonyls, Cr(CO)6, Mo(CO)6 and Mn2(CO)10, gave a series

of complexes [{(TCHPNacnac)Mg}2{m-M2(CO)n}] (n = 10, M = Cr 9 or Mo 10; n = 8, M = Mn 11) which

incorporate metal–metal single (9 and 10) or double (11) bonded metal carbonyl fragments. In contrast,

reduction of Fe(CO)5 with 6 yielded [{(TCHPNacnac)Mg}Na{Fe(CO)4}]2 12 which does not possess an Fe–Fe

bond, and can be viewed as an analogue of Collman's reagent, Na2[Fe(CO)4], in which one Na+ cation has

been replaced by a [(TCHPNacnac)Mg]+ unit.
Introduction

In contrast to the chemistry of low oxidation state p-block metal
compounds, which has developed since the 1970s,1 it was not
until 2007 that the rst examples of well-dened, room
temperature stable, low oxidation state s-block complexes, e.g. I
(Fig. 1), were reported.2 These dimagnesium(I) systems were
kinetically stabilised by bulky N,N-chelating b-diketiminate or
guanidinate ligands, and were shown to possess unsupported
Mg–Mg covalent bonds. Since this report, nearly 50 other
compounds bearing Mg–Mg covalent bonds have come
forward,3 including systems that are neutral or dianionic, e.g.
II,4 and in which the magnesium centres exhibit coordination
numbers ranging from two to four. The high reactivity and
solubility of dimagnesium(I) compounds have lent them to wide
use as specialist reducing reagents in many areas of inorganic
and organic synthesis, which has allowed entry to numerous
compound types that are not accessible using more traditional
reducing agents, such as alkali metals or KC8.3
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The realisation that low oxidation state magnesium
compounds can be tamed has inspired chemists to pursue other
challenging targets in this realm.5 Arguably, of most importance
here is the rst magnesium(0) complex, III, reported by Harder
and co-workers in 2021.6 Like I, this was prepared by alkali metal
reduction of a b-diketiminato magnesium(II) iodide precursor
complex, [(DipepNacnac)MgI] (DipepNacnac = [{(Dipep)NC(But)}2-
CH]−Dipep= 2,6-di(3-pentyl)phenyl). However, in the case of the
formation of III, the considerably bulkier Dipep N-substituents,
and tert-butyl backbone groups, presumably prevented homo-
coupling of magnesium(I) radical intermediates to give an Mg–
Mg bond, and instead allowed a further reduction of those
intermediates to give themagnesium(0) complex. It is noteworthy
that solutions of III slowly decompose at room temperature, via
partial disproportionation, to give the unusual mixed-valence
species, IV. Since the initial report on III, this compound has
begun to prove its worth as a reagent for the preparation of Mg–E
(E = group 2 metal, group 14 element, Yb) bonded species,
synthetically useful redox active heterobimetallic inverse crown
compounds, and for the reduction of organic substrates.7–9

In recent years, we have developed a range of anionic and
dianionic N,N-chelating ligands that incorporate the very bulky
2,4,6-tricyclohexylphenyl (TCHP) group at their N-centres. Like
the Dipep substituted b-diketiminate units in III, these steri-
cally imposing ligands can provide considerably greater kinetic
Chem. Sci., 2026, 17, 10917–10926 | 10917
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Fig. 1 Previously reported examples of magnesium(I) and magnesium(0) compounds (Mg–Mg bond lengths in parentheses). Dip = 2,6-di-
isopropylphenyl, TCHP = 2,4,6-tricyclohexylphenyl, Dipep = 2,6-di(3-pentyl)phenyl.

Scheme 1 Synthesis of compounds 1–5; DCHP = 2,6-
dicyclohexylphenyl.
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View Article Online
stabilisation to formed complexes than do their 2,6-di-
isopropylphenyl (Dip) substituted counterparts (e.g. as in I).
This has allowed us access to a ra of new compound types,
including the rst examples of anionic calcium10 and magne-
sium–dinitrogen complexes,11 stabilised by bulky TCHP
adorned xanthene-bridged diamide ligands (cf. II). With respect
to low oxidation state b-diketiminato-magnesium compounds,
10918 | Chem. Sci., 2026, 17, 10917–10926
we have also prepared, and examined the chemistry of, the
neutral dimagnesium(I) compound V.12 Although this is struc-
turally analogous to I, its Mg–Mg bond length (3.021(1) Å) is
considerably greater than that of its Dip substituted counterpart
(2.846(1) Å), due to the bulk of the ligand in V. In fact, the Mg–
Mg bond length in V is close to that in the Dipep substituted
species VI (3.051(1) Å),13 which implies similar steric proles for
the b-diketiminate ligands in V and VI. In consideration of this,
and the emerging synthetic utility of III, we were keen to develop
the TCHP substituted analogue of the bulky b-diketiminate
ligand in III (and related b-diketiminates), in order to assess
whether this could kinetically stabilise new magnesium(0)
complexes (cf. III and IV). Herein, we report the positive results
of our efforts in this direction, and additionally describe
reductions of a series of binary transition metal carbonyl
compounds with an anionic magnesium(0) complex.
Results and discussion
Magnesium(0) and mixed oxidation state magnesium (Mg0/
MgI) compounds

At the outset, three new bulky b-diketimine pro-ligands, all
bearing tert-butyl backbone substituents, were synthesised in
good yield via a protocol established by Budzelaar and co-
workers (see SI for full details).14 Two of these were symmetri-
cally N-substituted with either TCHP or related DCHP (2,6-di-
cyclohexylphenyl) groups, viz. TCHPNacnacH and DCHPNacnacH,
respectively (Scheme 1). A third unsymmetrical b-diketimine,
TCHP/DipNacnacH, incorporates both TCHP and Dip N-
© 2026 The Author(s). Published by the Royal Society of Chemistry
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Fig. 2 Molecular structure of 1 (25% thermal ellipsoids; hydrogen
atoms omitted). Selected bond lengths (Å) and angles (°): I(1)–Mg(1)
2.5927(11), Mg(1)–N(1) 1.9984(18), N(1)–Mg(1)–N(1)0 97.40(10), N(1)–
Mg(1)–I(1) 131.30(5).
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substituents. NMR spectroscopic studies on the three b-di-
ketimines indicated that they exist solely as their diimine
tautomers in solution (as depicted in Scheme 1), in that there is
no evidence for them being in equilibrium with measurable
amounts of their ene-amine tautomers, ArN]C(But)C(H)C(But)
N(H)Ar. Furthermore, heating solutions of the b-diketimines
did not lead to tautomerisations. This is also the case for the
Scheme 2 Synthesis of compounds 6–8.

© 2026 The Author(s). Published by the Royal Society of Chemistry
bulky b-diketimine used to prepare III, viz. DipepNacnacH,15

whereas less bulky b-diketimines, such as that used in the
synthesis of I (viz. DipNacnacH), are usually obtained in their
ene-amine form. The solid-state structures of DCHPNacnacH and
TCHP/DipNacnacH were conrmed by X-ray crystallographic
studies, full details of which can be found in the SI.

With the three new b-diketimines in hand, synthetic routes
to b-diketiminato magnesium(II) iodide compounds, as poten-
tial precursors to magnesium(0) complexes, were developed. In
the case of TCHPNacnacH, its deprotonation with the Grignard
reagent MeMgI afforded a high isolated yield (80%) of colorless
crystalline 1 (Scheme 1). The compound can alternatively be
prepared in moderate yield (50%) by reaction of the lithium salt
2 (see SI for synthesis and full characterisation) with MgI2(-
OEt2)2. As an aside, it is noteworthy that aqueous quenching of
2 gave TCHPNacnacH, but in this case as its ene-amine tautomer,
rather than in its diimine form. This was spectroscopically and
crystallographically characterised (see SI for full details), and
shown not to tautomerise to its diimine form in solution, even
at 60 °C. Similar to the formation of 1, treating DCHPNacnacH
with MeMgI gave the corresponding magnesium iodide
complex 3, but this consistently co-crystallised with ca. 50% of
the methyl magnesium complex 3-Me, and the two products
could not be separated. In this regard, analogous magnesium
methyl/halide co-crystallised product mixtures have been
Chem. Sci., 2026, 17, 10917–10926 | 10919
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Fig. 3 Molecular structure of 6 (25% thermal ellipsoids; hydrogen
atoms omitted; cyclohexyl groups shown as wireframe for clarity). See
text for relevant bond lengths.
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previously reported for reactions between very bulky b-di-
ketimines and methyl Grignard reagents.16 In attempts to
counter this problem, reactions of lithium or potassium salts of
DCHPNacnac with MgI2(OEt2)2 were carried out, but these did
not lead to tractable products. In contrast, deprotonation of the
unsymmetrical b-diketimine, TCHP/DipNacnacH, with benzyl
potassium gave the potassium salt 4, which was subsequently
reacted with MgI2(OEt2)2 to give a good isolated yield (66%) of
the magnesium iodide complex 5.

Compounds 1, 3 and 5 are thermally stable solids. Their NMR
spectra are consistent with their proposed formulations, which
were conrmed by X-ray crystallographic structure determina-
tions. The three compounds are structurally analogous, so only
themolecular structure of 1 is depicted in Fig. 2, while those for 3
and 5 can be found in the SI. Compound 1 is monomeric in the
solid-state, with its Mg centre exhibiting a trigonal planar coor-
dination environment and a terminal iodide ligand. The facts
that it does not dimerise through bridging iodides, and does not
form an adduct with diethyl ether, despite being prepared in the
presence of that solvent, are testament to the steric bulk of the
TCHPNacnac ligand. Only a handful of monomeric, three-
coordinate b-diketiminato magnesium iodide complexes are
known, which include [(DipepNacnac)MgI].15,17 The metrical
parameters associated with the magnesium centre in that
compound are almost identical to those for 1.

In the next phase of this study, reductions of the magne-
sium(II) iodide precursor complexes 1, 3 and 5 were investi-
gated. Given that the reducing agent 5% w/w Na/NaCl,
originally developed by our group,18 was successfully used in
the preparation of magnesium(0) complex III, it was also
chosen for this study. Reduction of 1 with an excess of 5% w/w
Na/NaCl in either aromatic or aliphatic solvents led to
magnesium(0) complex 6 as deep red crystals in isolated yields
of up 85% (cf. isolated yield of III = 48%), aer work-up
10920 | Chem. Sci., 2026, 17, 10917–10926
(Scheme 2). The compound is thermally stable at room
temperature, and does not decompose in the solid-state below
170 °C. It is stable in benzene and methylcyclohexane solu-
tions for days at room temperature, but when these solutions
are heated to >70 °C the compound slowly decomposes to the
protonated ligand TCHPNacnacH, and other unidentied
products. This is in contrast to III, benzene solutions of which
slowly decompose at room temperature, and more rapidly at
56 °C, to give the mixed oxidation state compound IV in low
yield.6 Accordingly, the higher yield and greater thermal
stability of 6 vs. III, should make it a suitable alternative to III
in further reactivity studies that require magnesium(0)
reagents. Although it cannot be sure what the mechanism of
formation of 6 is, it seems likely that reduction of 1 initially
gives the magnesium(I) radical, [(TCHPNacnac)Mgc], which is
sterically prevented from undergoing a homo-coupling reac-
tion to yield an N,N-chelated dimagnesium(I) compound.
Instead, the radical is further reduced with sodium to give 6.

Attention then turned to the reduction of 3 and 5 with excess
5% w/w Na/NaCl. In the case of 3 only complex mixtures of
products were returned, which likely results from the unavoid-
able contamination of 3 with 3-Me. In contrast, reduction of
hexane solutions of the unsymmetrical precursor 5, afforded
a good yield (60%) of the dark red compound 7, in which the
central Mg centre has a formal oxidation state of zero, whilst the
terminal Mg atoms are in the +1 oxidation state (Scheme 2).
While there was no evidence for the presence of amagnesium(0)
complex analogous to 6 in the reaction mixture, it possibly
exists as a transient intermediate, which rapidly decomposes
via partial disproportionation to 7. This is similar to the
proposed formation of IV. It also seems likely that the decom-
position to 7 occurs much more rapidly, due to the lesser steric
protection provided by the unsymmetrical b-diketiminate
ligand in this case. In light of the formation of 7, we wondered if
we could devise a rational route to its TCHPNacnac coordinated
analogue. To this end, we reduced a 2 : 1 mixture of 1 and MgI2
in methycyclohexane, with 5% w/w Na/NaCl, which gave a good
isolated yield (76%) of deep-red 8 aer recrystallisation of the
crude product mixture from hexane.

As is the case for 6, compounds 7 and 8 show no signs of
decomposition in the solid-state or in solution at room
temperature over several days. The NMR spectra of 6 imply
a symmetrical structure in solution, which contrasts with the
lower symmetry aryl coordinated, sodium bridged structure
found in the solid-state (see below). It is likely that this is due to
fast exchange between Na-coordinated and uncoordinated
arene rings in solution, as was suggested for analogous
compound III.6 The NMR spectra of the mixed oxidation state
compounds 7 and 8 are consistent with their solid-state struc-
tures, though those for 7 are more complex, as would be ex-
pected given the unsymmetrical nature of the b-diketiminate
ligands in that compound.

The X-ray crystal structure of 6 was determined, and its
molecular structure is depicted in Fig. 3. This shows it to be
structurally analogous to III in the solid-state. That is, it involves
two formally anionic [(TCHPNacnac)Mg0]− fragments bridged by
two sodium cations that are each h6-coordinated by the central
© 2026 The Author(s). Published by the Royal Society of Chemistry
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Fig. 4 Molecular structures of 7 (top) and 8 (bottom) (25% thermal
ellipsoids; hydrogen atoms omitted; cyclohexyl and isopropyl groups
shown as wireframe for clarity). See text for relevant bond lengths and
angles.
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arene ring of a TCHP N-substituent. The Mg/Mg separation in
6, 5.812(3) Å, is comparable to that in III (5.7792(5) Å), and is
well outside what would be expected for the presence of any
bonding interaction between the two magnesium centres. In
contrast, the Na/Na separation in 6 (3.303(2) Å) is signicantly
longer than that in III (3.1521(8) Å), and as has been determined
for that compound, there is likely no signicant bonding
interaction between the two alkali metals, as conrmed by DFT
calculations (see below). An inspection of the Mg/Na distances
in 6 reveal that the two shorter distances (Mg(1)–Na(2) 3.154(2)
Å, Mg(2)–Na(1) 3.217(2) Å) are close to the equivalent distances
in centrosymmetric III, 3.1216(7) Å, and are suggestive of
bonding interactions between the metal pairs.

The molecular structures of the mixed oxidation state
magnesium compounds 7 and 8 are shown in Fig. 4. They are
both essentially isostructural with IV, and exhibit Mg–Mg bond
lengths (7 2.828(2) Å, 8 2.840(1) Å) that are close to those in IV
© 2026 The Author(s). Published by the Royal Society of Chemistry
(2.8876(5) Å), and are very similar to those reported for unsup-
ported Mg–Mg bonds in the majority of neutral dimagnesium(I)
compounds, e.g. 2.8457(8) Å in I.2 One notable difference
between 7 and 8 is that in 8 the TCHPNacnac ligands chelate the
Mg(I) centres in a near symmetrical fashion, leading to the b-
diketiminate backbone HC-carbon centre being close to linear
with the Mg–Mg bond, i.e. C–Mg(1)–Mg(2) = 174.93(2)°. In
contrast, the equivalent angle in 7, (C–Mg(1)–Mg(2) 153.79(2)°),
is considerably narrower. This arises from the unsymmetrical
nature of the TCHP/DipNacnac ligand in the latter, which leads to
the two smaller Dip groups “sandwiching” the central Mg(2)
centre, but with an average Mg/CAr distance (3.73 Å) that is not
suggestive of any meaningful bonding interactions. A similar
arrangement is not possible in 8 due to the considerable steric
bulk of its TCHPNacnac ligands. It is noteworthy that the
equivalent C–Mg–Mg angle in IV, 164.77°, is nearly mid-way
between those in 7 and 8, which may give an indication of the
magnitude of steric interactions between the two Nacnac
ligands in each compound.

DFT calculations (B3PW91) were employed to probe the
electronic structure and bonding of 6–8 in the gas phase. The
geometries of the compounds optimised to be close to those of
their solid-state structures. Natural Bond Orbital (NBO) and
Atoms in Molecules (AIM) analyses of the geometry optimised
compounds were carried out, and key data are summarised for 6
and 8 in Fig. 5 (see SI for data on 7). The computed data for the
two compounds closely match those obtained for III and IV,6 so
will not be discussed in detail here. However, it is worth noting
that in the case of 6, the HOMO and HOMO−1 are largely
associated with the Mg centres and the Mg2Na2 core of the
molecule, respectively; while the LUMO is ligand based
(Fig. S108). Like III, the data imply electron rich Mg0 centres in
6, which have essentially ionic interactions with the TCHPNacnac
ligands. The Natural Population Analysis (NPA) charges on the
Mg and Na centres are higher and lower than would be expected
for those metals in their 0 and +1 oxidation states, respectively
(viz.Mg: +0.59 mean and Na: +0.43 mean; cf. +0.57 and +0.50 for
III; cf. Bader charges for 6: +0.45 mean and +0.71 mean), and
point towards charge transfer from the Mg atoms to the Na
cations. This is borne out by signicant Wiberg Bond Index
(WBI) values for the short, and to a lesser extent the long, Mg/
Na interactions in the compound (viz. 0.424 mean and 0.088
mean respectively; cf. 0.354 and 0.105 for III). Consistent with
this observation is the presence of bond critical points lying on
all four Mg/Na bond paths in the Laplacian distribution plot of
6 (see Fig. S112).

For compound 8, the HOMO and HOMO−1 are associated
with bonding interactions over the linear Mg3 fragment, while
the LUMO is delocalised over the TCHPNacnac ligands (see
Fig. S110). Within that fragment, the two formally MgI centres
possess higher NPA charges (+0.774 and +0.801) than does the
central Mg0 atom (+0.408). The WBI values for the two Mg–Mg
pairs (0.497 mean) are consistent with single covalent bonds.
One difference between 8 and IV is the fact that Non-Nuclear
Attractors (NNAs) were not found on the Mg–Mg vectors in the
former, whereas they were in the latter,6 and in the related di-
magnesium(I) compound I.19 In this respect, it should be noted
Chem. Sci., 2026, 17, 10917–10926 | 10921
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Fig. 5 Select NBO data for 6 (top) and 8 (bottom). Wiberg Bond
Indices (WBIs) are listed in bold, with natural population analysis (NPA)
charge data in purple text. Colour code: carbon = grey; nitrogen =

blue; magnesium = yellow; and sodium = purple. Tricyclohexylphenyl
and tert-butyl groups omitted for clarity.
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that the AIM calculations on 8 were performed at the same level
of theory as those that located NNAs in IV.
Reactions of a magnesium(0) compound with binary
transition metal carbonyls

In recent years, we have explored the reductive homologation of
carbon monoxide using either dimagnesium(I) compounds or
masked magnesium(I) complexes as the reducing agent. These
Scheme 3 Synthesis of compounds 9–12.

10922 | Chem. Sci., 2026, 17, 10917–10926
studies have led to a series of magnesium coordinated oxo-
carbon anions, e.g. [CnOn]

2− (n = 2, 3 or 4)12,20 and [C6O6]
6−,21

which have highlighted the possibility of using magnesium(I)
compounds for the Fischer–Tropsch like formation of value-
added organic products from the C1 feedstock gas, CO. In
some cases, these reactions have required the presence of
binary transition metal carbonyls as catalysts,21 in order to
increase product yield and selectivity. Accordingly, it seemed
worthwhile to explore the reactivity of magnesium(0) compound
6 towards CO and/or transition metal carbonyls for sake of
comparison with similar reactions involving dimagnesium(I)
compounds. Another motivation for this investigation was the
fact that, to the best of our knowledge, similar reactions with
the only other magnesium(0) compound III have not been
reported.

In the rst instance, solutions of compound 6 in cyclohexane
or benzene were stirred under an atmosphere of CO at room
temperature. This led to rapid reactions which generated
complex product mixtures, the components of which could not
be identied. As a result, attention turned to reactions of 6 with
the neutral groups 6–8 transition metal carbonyls, Cr(CO)6,
Mo(CO)6, Mn2(CO)10 or Fe(CO)5, as potential sources of CO,
under atmospheres of N2. In all cases, no CO homologation
reactions were observed. Instead, reduction of the metal
carbonyl occurred, leading to products 9–12, incorporating
anionic metal carbonyl fragments (Scheme 3). The nature of the
by-products from the reactions that gave sodium free 9–11 is not
known, but it is possible that sodium salts of oxocarbon di-
anions, i.e. Na2[CnOn], are generated. Furthermore, it is
© 2026 The Author(s). Published by the Royal Society of Chemistry
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Fig. 6 Molecular structures of 9 (top) and 10 (bottom) (25% thermal
ellipsoids; hydrogen atoms omitted; cyclohexyl groups shown as
wireframe for clarity). See text for relevant bond lengths.

Fig. 7 Molecular structure of 11 (25% thermal ellipsoids; hydrogen
atoms omitted; cyclohexyl groups shown as wireframe for clarity). See
text for relevant bond lengths.

Fig. 8 Molecular structure of 12 (25% thermal ellipsoids; hydrogen
atoms omitted; cyclohexyl groups shown as wireframe for clarity).
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noteworthy that 11 can also be formed in low yield from reac-
tion of 6 with BrMn(CO)5, yielding NaBr as a by-product. In
addition, when the reactions giving 9–12 were carried out under
an atmosphere of CO, instead of N2, the same products formed
in similar yields.

All compounds 9–12 are very air sensitive, but are inde-
nitely stable under inert atmospheres at room temperature.
Although the compounds were crystallised from hexane solu-
tions of the total reaction mixtures, once crystallised they
showed negligible solubility in aliphatic or aromatic solvents.
Moreover, attempts to dissolve them in ethereal solvents led to
decomposition of the compounds as they were drawn into
solution. Accordingly, no meaningful NMR spectroscopic data
could be obtained for the compounds. However, the solid-state
FTIR spectra for the compounds were acquired. In all cases,
these exhibit complex patterns of CO stretching bands at
frequencies consistent with the presence of both terminal and
bridging CO ligands, as might be expected from the solid-state
structures of the compounds (see below).
© 2026 The Author(s). Published by the Royal Society of Chemistry
The molecular structures of 9 and 10 are depicted in Fig. 6.
They reveal each to have a central [M2(CO)10]

2− (M = Cr or Mo)
dianion which bridges two [(TCHPNacnac)Mg]+ counter-cations.
The major difference between the compounds is that in the
dianion of 9, the two Cr centres are bridged by two CO ligands,
which, as far as we are aware, is unknown for any dianion
[M2(CO)10]

2− involving a group 6 metal.22 Due to the carbonyl
bridging in 9, its Cr–Cr bond is markedly shorter (2.7659(13) Å)
than in all other [Cr2(CO)10]

2− dianions, which have bond
lengths of ca. 2.9–3.0 Å.22 With that said, the Cr–Cr bond length
in 9 lies comfortably within the known single bonded range for
Chem. Sci., 2026, 17, 10917–10926 | 10923
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such bonds.22 In contrast, the Mo–Mo single bond distance in
10 (3.101(5) Å) is close to those in all examples of the
[Mo2(CO)10]

2− dianion (range: 3.08 to 3.15 Å for 6 examples).22,23

Another difference between 9 and 10 is the manner in which the
[M2(CO)10]

2− dianion bridges the two [(TCHPNacnac)Mg]+

cations. In 9 it does this by chelating each cation through the O-
centres of both a Cr–Cr bridging and non-bridged CO ligand,
whereas in 10 O-atoms from a non-bridging CO ligand on each
Mo centre chelate an Mg atom.

The solid-state structure of 11 is displayed in Fig. 7. Similar
to the structures of 9 and 10, it exhibits a bridging [Mn2(CO)8]

2−

dianion. Another similarity with 9 is the fact that in 11 the
central anion chelates each [(TCHPNacnac)Mg]+ cation through
the O-centres of both a bridging and non-bridged CO ligand.
However, in contrast to the Cr–Cr single bond in 9, compound
11 exhibits an Mn]Mn double bond (2.460(2) Å). This is close
to that for the free [Mn2(CO)8]

2− dianion (2.5053(5) Å), which
was rst reported only recently, and which also possesses two
bridging CO ligands.24,25

The product from the reduction of Fe(CO)5 with magne-
sium(0) complex 6, viz. 12, differs from 9–11 in that it incorpo-
rates sodium cations in its structure (Fig. 8), and does not possess
a metal–metal bond. Instead, it has two tetrahedral [Fe(CO)4]

2−

dianions, both of which coordinate each [(TCHPNacnac)Mg]+

cation through two CO O-centres, with charge balance being
provided by two central sodium cations. These have weak inter-
actions with central arene rings of TCHP groups on both ligands,
and lie close to both [Fe(CO)4]

2− dianions (mean Na/Fe
distance: 3.12 Å). Compound 12 can be thought of as an analogue
of Collman's reagent, Na2[Fe(CO)4],26 in which one sodium cation
is replaced with a [(TCHPNacnac)Mg]+ unit.

Conclusions

In summary, three new very bulky b-diketimine proto-ligands
(ArNacnacH, Ar = TCHP, DCHP or TCHP/Dip) have been syn-
thesised and shown to exist as their diimine tautomers in the
solid state and/or in solution. Several synthetic routes have been
utilised to access monomeric, three-coordinate b-diketiminato
magnesium iodide complexes, 1, 3 and 5, from the b-di-
ketimines. Reduction of [(TCHPNacnac)MgI] 1 with 5% w/w Na/
NaCl afforded the anionic magnesium(0) complex
[{(TCHPNacnac)Mg}Na]2 6, which is closely related to the only
other example of such a compound III, but can be formed in
higher yield, and appears to be more thermally robust than III.
In contrast, sodium reductions of impure samples of less bulky
[(DCHPNacnac)MgI] 3 gave intractable product mixtures, whilst
reduction of unsymmetrically substituted [(TCHP/DipNacnac)
MgI] 5 afforded the mixed oxidation state, linear tri-magnesium
compound, [{(TCHP/DipNacnac)Mg}2Mg] 7. A bulkier counterpart
of this system, [{(TCHPNacnac)Mg}2Mg] 8, was prepared by
sodium reduction of a 2 : 1 mixture of [(TCHPNacnac)MgI] 1 and
MgI2. Detailed computational analyses of compounds 6 and 8
revealed their electronic structures to be similar to those of III
and IV, respectively.

Reactions of magnesium(0) compound 6 with the neutral
groups 6–8 transition metal carbonyls, Cr(CO)6, Mo(CO)6,
10924 | Chem. Sci., 2026, 17, 10917–10926
Mn2(CO)10 or Fe(CO)5, were subsequently carried out, in order
to ascertain if these would lead to CO reductive homologation
reactions. Instead, all reactions proceeded via reduction of the
metal carbonyl reactant, which in the case of the group 6 and 7
metal carbonyls gave the complexes [{(TCHPNacnac)Mg}2{m-
M2(CO)n}] (n = 10, M = Cr 9 or Mo 10; n = 8, M =Mn 11), which
incorporate dianionic metal–metal single (9 and 10) or double
(11) bonded metal carbonyl fragments. The bonding modes
within these fragments, and to the coordinated [(TCHPNacnac)
Mg]+ cations, varies across the trio of compounds. In contrast to
the formations of 9–11, reduction of Fe(CO)5 with 6 did not
proceed with loss of sodium, instead giving [{(TCHPNacnac)Mg}
Na{Fe(CO)4}]2 12. This resembles Collman's reagent, in that it
incorporates [Fe(CO)4]

2− dianions. We continue to explore the
reduction chemistry of magnesium(0) compounds such as 6–8,
and will report on our efforts in this direction in due course.

Experimental section

Full synthetic, spectroscopic and crystallographic details for
new compounds; and full details and references for the calcu-
lations can be found in the SI.
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