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Reductive Coupling of CO with Magnesium Anthracene 
Complexes: Formation of Magnesium Enediolates 

K. Yuvaraja and Cameron Jones*,a

Two -diketiminato-magnesium anthracene complexes, 

[{(ArNacnac)Mg}2(-C14H10)] (ArNacnac = [HC(MeCNAr)2]-, Ar = 

mesityl (Mes) or 2,6-diethylphenyl (Dep))  react with 1 atm. CO at 

room temperature to give tetra-magnesium enediolate complexes 

[{(ArNacnac)Mg}4(O2C16H10)2] via coupling of two molecules of CO 

with the anthracenediyl fragment. Similarly, reaction of 

magnesium anthracene, [Mg(THF)3(C14H10)], with CO afforded a low 

isolated yield of a tetra-magnesium complex bearing both 

dianthraceneylenediolate and dibenzocyclohepteneolateyl ligands. 

The presented reactions represent very rare examples of 

magnesium alkyl carbonylations that occur under mild conditions, 

and in the absence of catalysts. 

The carbonylation of organic molecules and fragments is central 

to many important chemical processes, including 

hydroformylation,1 Fischer-Tropsch2 and the Pauson-Khand 

reaction.3 Such synthetic transformations typically require 

stoichiometric or catalytic amounts of mid to late transition 

metal complexes or materials to proceed, and often involve the 

facile insertion of CO into M–C bonds at some stage of the 

process.4 While similar carbon monoxide activation reactions 

are known for early d-block and f-block organometallic 

compounds, they are not as widespread.5 Rarer still are 

activations of CO with main group organometallic compounds, 

though limited, sometimes synthetically useful, examples have 

been reported for both s- and p-block metal alkyls.6 

 In recent years, we and others have become interested in 

the reductive activation of CO (as a C1 building block) using 

dimagnesium(I) compounds or magnesium(II) hydrides, in order 

to generate value added products through Fischer-Tropsch like 

processes. To this end, magnesium(I) compounds have been 

shown to reductively homologate CO to give a range of 

magnesium complexes of oxocarbon anions, [CnOn]2- (n = 2 or 3) 

or [C6O6]6-,7-9 while insertions of CO into Mg–H bonds, followed 

by C–C bond forming processes, yield ethylenediolate, 

[H(O)C=C(O)H]2-, or cyclopropanetriolate, [C3H3O3]3-, 

complexes.10,11 In related work, Hill and co-workers have 

demonstrated that insertion of CO into Mg–N bonds ultimately 

affords magnesium amidate complexes; while Stephan and co-

workers showed reaction of LiNCy2 (Cy = cyclohexyl) with syn-

gas (CO/H2) gives a range of Fischer-Tropsh like products.11 

 Despite the recent success had with the activation of CO 

using reactive magnesium compounds, there were no well-

defined examples of CO insertion or coupling reactions 

involving organomagnesium species, save for sporadic reports 

on multiple product carbonylations of Grignard reagents carried 

out under high pressures of CO, typically in the presence of 

catalysts.6(a),12,13 This paucity was reversed in 2017 when it was 

shown that the highly reactive 1,2-dimagnesioethane I (formed 

by the reversible reduction of 1,1-diphenylethylene with a 

magnesium(I) compound) reacts with excess CO under ambient 

conditions to give the cyclobutenediolate complex, II (Scheme 

1).14 Computational studies suggested that the reaction 

proceeds via an initial insertion of CO into an Mg–C bond of I, 

followed by coupling to a second molecule of CO, and several 

intramolecular rearrangements to give II. We were keen to 

extend the scope of magnesium alkyl induced CO coupling 

reactions, and saw strained and very reactive magnesium 

anthracene complexes as ideal for this purpose. Here we show 

that magnesium anthracenes can indeed reductively couple CO 

to give enediolate complexes under mild conditions. 
Scheme 1. Previously reported enediolate formation via a magnesium alkyl induced CO 

coupling reaction (Dep = 2,6-diethylphenyl). 
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 While highly reactive magnesium anthracene, 

[Mg(THF)3(C14H10)], has been widely exploited, for example as a 

reducing agent in inorganic and organic synthesis,15 and as a 

source of activated magnesium for the reversible Mg/MgH2 

hydrogen storage couple,16 the very low solubility of the 

compound in organic solvents (even THF) has limited its 

applications to some extent. In a prior study we have shown 

that the dimagnesium(I) compound [{(MesNacnac)Mg}2] 

(MesNacnac = [HC(MeCNMes)2]-, Mes = mesityl)17 doubly 

reduces anthracene to give the closely related contact ion pair 

complex 1 (Scheme 2).18 As this has good solubility in 

coordinating and non-coordinating solvents, we saw it as a 

viable substitute for [Mg(THF)3(C14H10)] in the current study. 

Moreover, for the purpose of reactivity comparisons, the 2,6-

diethylphenyl (Dep) substituted analogue, 2, was prepared in 

good yield as a dark red crystalline solid from reaction of 

anthracene with [{(DepNacnac)Mg}2].17 Compound 2 is 

isostructural to 1 in the solid state, and like that compound, 

displays fluxional behaviour in solution, consistent with rapid 

inversion of the saturated anthracenediyl carbon centres, and 

concomitant migration of both Mg(DepNacnac) fragments 

between the three anthracene rings at room temperature (see 

ESI for variable temperature NMR spectra).18 

 With 1 and 2 in hand, they were dissolved in toluene and the 

resultant solutions placed under 1 atmosphere of dry CO, then 

left at ambient temperature overnight. Subsequent work-up of 

the mixtures led to the isolation of the unusual enediolato 

magnesium complexes 3 and 4 as colourless crystalline solids in 

yields of 52 % and 27 % respectively (Scheme 2). Following the 

reaction that gave the more soluble complex 4 by 1H NMR 

spectroscopy, revealed that it is formed in much higher yields (> 

70 %) than obtained for the isolated crystalline solid. In the 

absence of meaningful computational results, it cannot be sure 

what the mechanisms of formation of 3 and 4 entail, but similar 

to the situation for II, it can be speculated that insertion of CO 

molecules into the Mg–C sigma bonds of 1 and 2 with 

concomitant rearrangements and C–C bond couplings lead to 

the enediolate fragment. It is worthy of mention that a 

somewhat related, reversible insertion of CO into one Al–C 

bond of a strained [2.2.1] aluminabicycle, [(DipNacnac)Al(2-1,4-

C6H8)], has recently been reported by Crimmin and co-workers, 

but in that case the product was unreactive toward a second 

molecule of CO.6(c) 

 For sake of comparison with the reactions that gave 3 and 4, 

and despite the very low solubility of [Mg(THF)3(C14H10)], a THF 

slurry of this compound was placed under 1 atmosphere of CO 

at room temperature. This yielded an orange precipitate which 

settled below a pale orange solution. After filtration, a very low 

yield (< 5 %) of the orange complex 5 deposited (Scheme 3).19 

Once crystallised, this compound, and the initial orange 

precipitate from the reaction, showed essentially no solubility 

in THF. Accordingly, it cannot be sure if 5 is the only product of 

the reaction, or if all the orange magnesium anthracene 

reactant was consumed. Notwithstanding this, the novelty of 5 

is worth discussing here. It apparently arises from the reaction 

and assembly of four molecules of [Mg(THF)3(C14H10)] with four 

CO molecules to give a tetrametallic system. This incorporates 

one tetraanionic enediolatediyl ligand, which can be envisaged 

as arising from initial insertion of CO into Mg–C bonds of two 

molecules of [Mg(THF)3(C14H10)] to give carbenic intermediates, 

{(C14H10){C(:)-OMg-}, which couple to give the enediolatediyl 

ligand (cf. the formation of II). In addition, the complex 

incorporates two dianionic dibenzocyclohepteneolateyl ligands 

which seemingly derive from net insertion of CO into a Csp2-Csp3 

bond of [Mg(THF)3(C14H10)], perhaps via initial insertion of CO 

into an Mg–C bond of the magnesium reactant. We are not 

aware of any similar ring expansion reactions involving 

magnesium anthracene. 

Scheme 2. Synthesis of enediolate complexes 3 and 4. 

 

Scheme 3. Synthesis of compound 5. 

 We have previously shown that the highly activated 1,2-

dimagnesioethane species I can react with CO, H2 and ethylene 

under mild conditions and in the absence of catalysts.14 

Similarly, [Mg(THF)3(C14H10)] is known to react with H2 to give 

MgH2 and 9,10-dihydroanthracene;15 and inserts ethylene into 

one of its Mg–C bonds.20 In light of these results, we 

investigated reactions of 1-4 with ethylene or H2 (separately or 

as a mixture), in order to explore the possibility of net couplings 

of two or three of the small molecule substrates, initiated by the 

magnesium reactant. Although coupling reactions did not 

eventuate, it is noteworthy that the hydrogenation (1 atm.) of 

2 at 80 °C for 14h cleanly led to a mixture of 9,10-

dihydroanthracene and [{(DepNacnac)Mg(-H)}2]10(a) (cf. the 

hydrogenation of [Mg(THF)3(C14H10)]15). 
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 Compounds 3 and 4 are moisture sensitive, but stable at 

room temperature for months when stored under dinitrogen. 

Meaningful solution state NMR data could not be obtained for 

3, as it shows negligible solubility in non-coordinating and 

coordinating deuterated solvents, including d8-THF. In contrast, 

its Dep substituted analogue 4 displays some solubility in d6-

benzene before it crystallises. Its NMR spectra are less 

complicated than its unsymmetrical solid-state structure would 

suggest (see below). That is, although the solid-state structures 

of 3 and 4 are very similar, the symmetry of 4 is broken by one 

of its -diketiminate ligands acting as a partially delocalised 

imino-eneamide, bridging two Mg centres via an amide centre 

and a close interaction with its -carbon. The imine fragment 

remains uncoordinated, as opposed to the other 3-N,N,C-

bridging -diketiminate in the complex. It is possible that in 

solution the more symmetrical structure of 4 arises from a rapid 

change in coordination mode of the unique -diketiminate 

ligand from 2-N,C- to 3-N,N,C- at room temperature. The low 

solubility of 4 in non-coordinating solvents at reduced 

temperatures prevented a variable temperature NMR 

spectroscopic analysis of this possibility. 

 As mentioned above, the solid-state structures of 3 and 4 

are similar, so only that of the more symmetric compound 3 is 

depicted in Figure 1 (see ESI for the molecular structure of 4). 

This shows it to be a centrosymmetric dimer, with each 

monomeric unit comprising a bicyclic enediolate unit 

coordinated by two (MesNacnac)Mg units. The enediolate 

fragment is very similar to that in the chromium complex 

[(DipNacnac)Cr(THF)(2-O,O-C16H10O2)], but that complex was 

prepared by a chromium(I) reduction of 

ethanoanthracenedione,21 and not the reductive coupling of CO 

with anthracene. One [MesNacnac]- anion of each monomeric 

unit of 3 acts as a delocalised 2-N,N-ligand, while the -carbon 

of the other has a significant interaction with Mg(2), leading to 

it acting as what is best described as a less delocalised 3-N,N,C-

bis(imino)alkyl. This unusual coordination mode has precedent 

in a complex derived from the reductive coupling of benzonitrile 

using [{(MesNacnac)Mg}2].22 

Figure 1. Molecular structure of 3 (20% ellipsoids; mesityl substituents shown as wire 

frame for clarity; hydrogen atoms omitted). Selected bond lengths (Å) and angles (°): 

Mg(1)-O(1) 2.0018(17), Mg(1)-O(1)’ 2.0959(17), Mg(1)-O(2) 2.1413(17), Mg(1)-N(1) 

2.144(2), Mg(1)-N(2) 2.168(2), Mg(2)-O(2) 1.9187(17), Mg(2)-N(4) 2.058(2), Mg(2)-N(3) 

2.067(3), Mg(2)-C(11) 2.359(2), O(1)-C(24) 1.363(3), O(2)-C(25) 1.365(3), C(24)-C(25) 

1.319(3), O(1)-Mg(1)-O(2)  81.05(7), O(2)-Mg(2)-C(11) 88.61(8), O(1)-Mg(1)-O(1)’ 

77.77(7). 

 The molecular structure of tetrametallic 5 is shown in Figure 

2. As mentioned above, it incorporates a tetraanionic cis-

dianthraceneylenediolate ligand which chelates one 

magnesium centre, while at the same time coordinating in a 

1:1-O,O-fashion to two Mg atoms. The two dianionic 

dibenzocyclohepteneolateyl ligands are each coordinated to 

one Mg centre through their sp3-hybridised carbon, while their 

anionic O-centres bridge two magnesiums. As far as we are 

aware, both anionic ligand types in 5 are without precedent in 

the literature. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 2. Molecular structure of 5 (20% ellipsoids; THF ligands shown as wire frame for 

clarity; hydrogen atoms omitted). Selected bond lengths (Å) and angles (°): Mg(1)-O(1) 

1.9733(13), Mg(1)-C(9) 2.2709(19), O(1)-Mg(2) 1.9849(12), Mg(2)-O(2) 2.0891(13), 

Mg(3)-O(3) 2.0134(15), Mg(3)-C(53) 2.206(2), Mg(4)-C(38) 2.218(2), Mg(4)-C(24) 

2.230(3), C(1)-C(16) 1.350(2), C(31)-C(45) 1.347(3), C(46)-C(60) 1.349(3), O(1)-Mg(1)-C(9) 

95.95(6), O(1)-Mg(2)-O(2) 80.31(5), O(3)-Mg(3)-C(53) 126.24(7), C(38)-Mg(4)-C(24) 

108.59(9). 

 In summary, the reaction of three magnesium anthracene 

complexes with carbon monoxide lead to the coupling of two 

molecules of CO with the anthracenediyl moiety, to give 

magnesium enediolate complexes. The net insertion of CO into 

a C–C bond of the anthracenediyl fragment has also generated 

magnesium coordinated dibenzocyclohepteneolateyl ligands in 

one complex. All of these reactions represent very rare 

examples of magnesium alkyl carbonylations that occur under 

mild conditions, and in the absence of catalysts. They 

demonstrate the potential to produce more complex organic 

molecules from coupling reactions between CO, or other 

normally inert small molecule substrates, with highly reactive 

organomagnesium compounds. We continue to explore this 

possibility in our laboratory. 
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Graphical Abstract 

The carbonylation of magnesium anthracene complexes under 

ambient conditions, and in the absence of catalysts, leads to the 

reductive coupling of CO, and the formation of unusual 

magnesium enediolate complexes (see picture, Ar = bulky aryl). 
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