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Abstract 

A series of neutral N-heterocyclic carbene (NHC) magnesium alkyl complexes was synthesized 

by reaction of IMes (IMes = 1,3-bis(2,4,6-trimethylphenyl)imidazol-2-ylidene) and IPr (IPr = 

1,3-bis(2,6-diisopropylphenyl)imidazol-2-ylidene) with Grignard reagents. In the presence of 

THF, mononuclear species [Mg(IMes)(R)(Br)(THF)] (1, R = Me; 2, R = Et) and 

[Mg(IPr)(R)(Br)(THF)] (3, R = Me; 4, R = Et) were isolated. Complex 4 was further methylated 

to afford the Mg–THF adduct [Mg(IPr)(Me)2(THF)] (5) which crystallizes as dimer 

[{(Mg(IPr)(Me)}2(µ-Me)2] (5’), thus evidencing the labile THF coordination in these systems. In 

contrast, in the presence of Et2O, dinuclear Mg(II) species [{(Mg(NHC)(Br)}2(µ–Me)2] (6, NHC 

= IMes; 7, NHC = IPr), [{(Mg(IMes)(Ph)}2(µ-Br)2] (8), [{(Mg(IMes)(CH2Ph)}2(µ-Cl)2] (9) and 

[{(Mg(IPr)(Ph)}2(µ-Br)2] (10) were isolated and characterized. The protonolysis reaction 

between protio-ligand [IMes-H]Cl and EtMgBr afforded the Mg(II) dihalido dimer 

[{(Mg(IMes)(Br)}2(µ-Cl)2] (11). The solid state molecular structures of species 5’, 6-11 were 

established through X-ray crystallographic studies. THF adducts 1 and 3 may be readily ionized 

by a salt metathesis reaction with [BPh4]Na in the presence of THF to yield NHC-supported 

Mg(II) alkyl cations [{Mg(NHC)(Me)(THF)2}]
+
 (12, NHC = IMes; 13, NHC = IPr) as BPh4

-
 

salts. Reflecting the labile THF coordination to Mg(II) in these cations, mononuclear cation 12 

crystallizes as di-cation [{(Mg(IMes)(THF)}2(µ-Me)2]
2+

 (12’). Only partial ionization of the 

halido methyl dimer 6 was observed by reaction with [B(C6F5)4]Li in PhBr to afford tetranuclear 

NHC–Mg(II) di-cationic aggregate [{[Mg(IMes)(Me)][Mg(IMes)]}(µ-Me)2]2(µ-Br)2]
2+

 (14) as a 

B(C6F5)4 salt. Computational studies were performed for selected neutral and cationic NHC–

Mg(II) derivatives and all agree with the electronic structure and bonding at Mg(II) being largely 

dominated by electrostatic interactions.  

  



4 

 

Introduction 

In 1900, Grignard described the synthesis of the ubiquitous and eponymous 

organomagnesium halide reagents.
1
 Alkyl/aryllithium and alkyl/arylmagnesium species are since 

then widely used reagents in organic synthesis, essentially as alkylating and arylating 

stoichiometric reagents or co-catalysts.
3,4

 Besides protolytic sensitivity, the preparation of well-

defined organometallic complexes of Mg(II) is frequently complicated by ligand redistribution 

reactions in solution, also known as Schlenk equilibrium, due to their rather labile coordination of 

most monodentate ligands to Mg(II).
2,3

 Thanks to their exceptional -donating properties, N-

heterocyclic carbene ligands are of interest for the stabilization of various metal centers, leading 

to NHC-supported organometallics with improved stability that have found various applications 

across chemical science.
4
 Though NHCs may stabilize oxophilic and electrophilic metal centers,

5
 

the M–NHC bond in such entities becomes increasingly labile with the electropositivity of the 

metal centers, which may significantly limit their stability and well-defined nature. Certainly 

related to the latter, the organometallic chemistry of NHC complexes of group s metals remains 

relatively unexplored compared to other main group metal/heteroatoms.
5,6

 In particular, NHC 

magnesium complexes, first reported in 1993 by Arduengo,
7
 have undergone a limited 

development, with an average of roughly a publication per year over the past 25 years.
5,8 

With a 

monodentate NHC ligand, only a few examples of Mg-NHC adducts of the type 

(NHC)Mg(X)(X’)2, [(NHC)Mg–X’]2 (X, X’ = alkyl, halide) as well as a couple of NHC-

supported Mg(II) amido/hydrido species are thus far known.
8
 Yet, from a general point of view, 

well-defined Mg(II) organometallics, which are thus based on an inexpensive and non-toxic 

metal center, are of potential interest for various stoichiometric and catalytic transformations of 

current importance.
8b,8g,9,10,11

 

Well-defined Mg(II) organocations, which are typically supported by N-based 

multidentate ligand, are currently attracting attention as highly electrophilic and Lewis acidic 

Mg(II) species able to activate various unsaturated small molecules, including arenes, mediate 

unusual chemical transformations and be of potential interest in Lewis acid catalysis.
12

 Following 

our earlier studies on NHC-stabilized Zn(II) organocations, which showed the ability of NHCs to 

stabilize two-coordinate Zn(II) cationic alkyls/aryls,
13

 we became interested into probing the 

suitability of NHCs to access stable and robust NHC-stabilized Mg(II) organocations, a class of 

species unknown thus far. Along the way, a variety of NHC-stabilized Grignard reagents, used as 
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neutral precursors, were characterized allowing the establishment of structural trends.  In the 

present contribution, we describe the synthesis and structural characterization of a variety of 

neutral NHC magnesium supported by halide- and alkyl/phenyl/benzyl-ligands. Some of these 

neutral precursors were then successfully ionized to NHC-stabilized Mg(II)–alkyl cations. The 

electronic structures of selected neutral and cationic complexes, as estimated from DFT 

calculations, complement their structural characterization.  

 

Results and discussion 

Synthesis and Structure of Neutral NHC-supported Mg(II) complexes 1-11. A 

diverse set of NHC-supported Mg–alkyl/aryl/benzyl halides were targeted to gain structural 

insights on such compounds prior to their subsequent ionization. The addition of an ethereal 

solution of ethylmagnesium bromide or methylmagnesium bromide to a THF solution of IMes 

(IMes = 1,3-bis(2,4,6-trimethylphenyl)imidazol-2-ylidene) or IPr (IPr = 1,3-bis(2,6-

diisopropylphenyl)imidazol-2-ylidene) afforded complexes [Mg(IMes)(Et)(Br)(THF)] (1), 

[Mg(IMes)(Me)(Br)(THF)] (2), [Mg(IPr)(Et)(Br)(THF)] (3), or [Mg(IPr)(Me)(Br)(THF)] (4), in 

excellent yields (Scheme 1). 
13

C NMR data confirmed the formation of Mg(II)−NHC bonds with 

Ccarbene chemical shifts comprised between 185 and 190 ppm.
8
 The persistence of Mg(II)−alkyl 

bonds was confirmed by 
1
H NMR spectroscopy (with high field signals ranging from -1.18 to -

2.03 ppm). NMR data also agree with the coordination of a THF molecule per Mg(II) center. 

Complexes 1-4 are poorly soluble in benzene, toluene, or dichloromethane, but soluble and stable 

for weeks in THF at room temperature. Unfortunately, all attempts to crystallize THF adducts 1-4 

remained unsuccessful.  

 

Scheme 1. Synthesis of the Mg complexes 1-4 

 

Species [Mg(IPr)(Me)(Br)(THF)] (4) was further methylated by reaction with 

methyllithium (THF, -35 °C) to form the corresponding dimethyl complex [Mg(IPr)(Me)2(THF)] 
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(5, Scheme 2) in good yield (75%), as deduced from NMR data. In particular, the 
1
H NMR 

spectrum for 5 displays a characteristic signal at -1.93 ppm associated with the MgMe2 moiety 

and resonances consistent with the coordination of a THF molecule. However, as determined by 

SC-XRD studies, species 5 crystallizes (from THF/pentane) as THF-free dimeric complex 

[{(Mg(IPr)(Me)}2(µ-Me)2] (5’, Figure 1), clearly indicating a labile THF coordination in parent 

complex 5 as also observed in a recent study on dihalido (NHC)MgX2 species.
8h

 Dimer 5’ 

features two NHC magnesium fragments linked by two -Me bridges. The two Mg(II) cations 

adopt a tetrahedral coordination geometry and the Mg1
...

Mg1’ distance (2.7539(11) Å) is 

significantly shorter than the sum of their van der Waals radii (3.46 Å).
14

 The Mg
...

Mg distance in 

5’ is also intriguingly smaller than the Mg–Mg bond distances observed in Mg(I) dimers [(BDI)-

Mg–Mg(BDI)] (BDI = N,N -diketiminate), which range from 2.81(2) to 2.8656(2) Å.
15

 The 

Mg–(µ-Me) bond distances (2.256(2) and 2.262(3) Å) are substantially longer than those of 

terminal Mg–Me bonds (2.141(2) Å). All geometrical parameters of 5’ are similar to those 

reported for the bridged dinuclear complex [{(Mg(IPr)(Et)}2(µ-Et)2] by Arduengo et. al..
7 
 

 

Scheme 2. Synthesis of THF adduct 5 and dimer 5’ 
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Figure 1.  ORTEP representation of 5’ (30% probability). Hydrogen atoms have been omitted for 

clarity. Selected bond distances (Å) and angles (°): Mg1−C1 2.276(2), Mg1−C28 2.256(2), 

Mg1−C28’ 2.263(2), Mg1−C29 2.141(2), C1−Mg1−C28 107.85(8), C1−Mg1−C28’ 108.37(8), 

C1−Mg1−C29 105.74(7), C28−Mg1−C28’ 104.89(7), C28−Mg1−C29 115.10(9), 

C28’−Mg1−C29 114.61(9). 

 

In the absence of THF, the stoichiometric reaction of MeMgBr (Et2O solution) with 

carbenes IMes and IPr (in toluene) led to the formation of dimeric complexes 

[{(Mg(IMes)(Br)}2(µ-Me)2] (6), [{(Mg(IPr)(Br)}2(µ-Me)2] (7) in good yields (Scheme 3), 

highlighting the key role of THF for the isolation of mononuclear NHC-Mg species 1-4. For 

instance, the NMR data for 6 and 7 (C6D5Br, RT) confirm the presence of Mg–Me group with a 

1
H NMR singlet at -1.96 ppm, and a 

13
C NMR Ccarbene signal at 182.0 ppm in line with 

coordination to Mg(II). In the case of species 6, 
1
H DOSY NMR data agree with a dimeric 

structure in solution under the studied conditions (C6D5Br, RT). The hydrodynamic volume of 6 

was estimated to be 1125 Å
3
, which is close to the volume of dimeric 6 in the solid state (1150 

Å
3
) as estimated from SC-XRD data (vide infra). Both complexes 6 and 7 crystallize from 

toluene/pentane as dimers comprising two NHC magnesium fragments surprisingly linked by two 

bridging -Me groups instead of -Br bridges as would be expected (Figure 2 for complex 6). 

Thus, a terminal Mg–Br completes the coordination sphere of each Mg(II) center. The Mg−C and 

Mg−halide bond lengths are in agreement with those found in the literature,
20

 such as species 

[{(Mg(IPr)(I)}2(µ-I)2] and [{(Mg(IPr)(Cl)}2(µ-Cl)2] recently reported.
8f,8h 

The structures of 6 and 
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7 highlight the preferential bridging of Me vs. halide groups and show that Et2O does not 

dissociate dimers 6 and 7, even though a magnesium dihalide complex supported by an abnormal 

NHC and an ether molecule is known.
8h

 Similar to 5’, the distance between the Mg(II) centers in 

6 is equal to 2.750(4) Å. Alternatively, complex 6 was also prepared with a moderate yield (32 

%) via reaction of 1 equiv of IMes with MgCl2 followed by methylation with 1 equiv of MeLi. 

 

Scheme 3. Synthesis of species 6 and 7 

 

Figure 2. ORTEP representation of 6 (30% probability). Hydrogen atoms have been omitted for 

clarity. Selected bond distances (Å) and angles (°): Mg1−C1 2.214(6), Mg1−C22 2.313(6), 

Mg1−C22’ 2.325(6), Mg1−Br1 2.4588(19), C1−Mg1−C22 108.8(2), C1−Mg1−C22’ 108.7(2), 

C1−Mg1−Br1 112.63(17), C22−Mg1−Br1 109.58(15), C22’−Mg1−Br1 109.76(15), 

C22−Mg1−C22’ 107.27(18). 

To gain further knowledge on the structural trends of NHC-Mg(R)(X) species, the 

coordination of IMes and IPr was extended other classical Grignard reagents such as 

phenylmagnesium bromide, benzylmagnesium chloride. Thus, dimeric complexes 

[{(Mg(IMes)(Ph)}2(µ-Br)2] (8), [{(Mg(IMes)(Bn)}2(µ-Cl)2] (9) and [{(Mg(IPr)(Ph)}2(µ-Br)2] 
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(10) were prepared in good yields (65-85%) upon combining a 1/1 mixture of the corresponding 

carbene and RMgX precursor in Et2O/toluene. The molecular structures of species 8-10 were 

determined by SC-XRD establishing their dimeric nature in the solid state (Figure 3). Thus, 

unlike NHC-Mg(II) methyl halides dimers 6 and 7, which contain two Mg-(-Me) groups, 

species 8-10 preferentially form -X halide bridges with the phenyl/benzyl groups as terminal 

ligands. Other bonding and geometrical parameters are similar to those observed for species 6 

and 7. The NMR data for species 8-10 are consistent with the proposed formulations.  

 

 

 

 

 

 

Figure 3:  ORTEP representations of 8, 9 and 10 (30% probability). Hydrogen atoms, and co-

crystallized benzene for 8, have been omitted for clarity. Selected bond distances (Å) and angles 

(°): for 8: Mg1−C1 2.225(4), Mg1−C22 2.129(4), Mg1−Br1 2.5842(15), C1−Mg1−C22 

115.07(15), C1−Mg1−Br1 112.38(11), C22−Mg1−Br1 112.55(12), Br1−Mg1−Br1’ 92.57(4); for 

9: Mg1−C1 2.2065(15), Mg1−C22 2.1411(19), Mg1−Cl1 2.4224(7), Mg1−Cl1’ 2.4341(7), 

C1−Mg1−C22 122.29(8), C1−Mg1−Cl1 107.77(4), C1−Mg1−Cl1’ 109.20(4), C22−Mg1−Cl1 

112.79(7), C22−Mg1−Cl1’ 108.28(6), Cl1−Mg1−Cl1’ 92.38(2); for 10: Mg1−C1 2.216(2), 

Mg1−C28 2.280(2), Mg1−C28’ 2.272(2), Mg1−Br1 2.4562(8), C1−Mg1−C28 112.48(8), 

C1−Mg1−C28’ 112.36(8), C1−Mg1−Br1 105.91(6), C28−Mg1−Br1 110.15(6), C28’−Mg1−Br1 

109.36(6), C28−Mg1−C28’ 106.59(7). 

Though NHC-Mg species are typically prepared from free NHC and Mg(II) precursors, 

they may directly be prepared through protonolysis of the imidazolium salts.
8f

 Thus, protio ligand 

IMesHCl (1,3-bis(2,4,6-trimethylphenyl)imidazolium chloride) immediately reacts with 1 equiv 

EtMgBr (THF/Et2O, 2 h, RT) through ethane elimination to afford dinuclear complex 

[{(Mg(IMes)(Br)}2(µ-Cl)2] (11, Scheme 4) in high yield (85%), as deduced from NMR and SC-

XRD data. 
1
H and 

13
C NMR spectra confirm the formation of 11, with the absence of the azolium 

proton signal, the presence of a 
13

C NMR Ccarbene signal ( = 187.0 ppm) and no THF moiety. In 
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the solid state, species 11 (Figure 4) is a dimer featuring two NHC magnesium fragments 

connected by two Mg-(-Cl)-Mg bridges, with bonding parameters in agreement with those 

found in the literature, particularly with complexes [{(Mg(IPr)(I)}2(µ-I)2] and 

[{(Mg(IPr)(Cl)}2(µ-Cl)2] recently reported.
8g,8h

  

 

Scheme 4. Synthesis of species 11 

 

Figure 4. ORTEP representation of 11 (30% probability). Hydrogen atoms have been omitted for 

clarity. Selected bond distances (Å) and angles (°): Mg1−C1 2.211(5), Mg1−Cl1 2.372(3), 

Mg1−Br1 2.432(2), C1−Mg1−Cl1 108.52(9), C1−Mg1−Br1 113.16(17), Cl1−Mg1−Cl1’ 

107.72(13), Cl1−Mg1−Br1 109.39(6). 

 

NHC-supported Mg–alkyl Cations. A primary aim of the present study was to access 

cationic NHC-supported Mg(II) alkyls from the set of neutral precursors characterized herein. 

Ionization of the dimethyl derivative [Mg(IPr)(Me)2(THF)] with 1 equiv [Ph3C][B(C6F5)4] 

(C6D5Br, RT) immediately occurs through a Me
-
 abstraction reaction (formation of Ph3CMe 

evidenced by 
1
H NMR), yet to consistently yield an intractable mixture of compounds in the 

presence or absence of additional THF. Rather, ionization of methyl halido derivatives 
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[(NHC)Mg(Me)(X)] through a salt metathesis route allowed access to well-defined Mg(II) 

cations. Thus, species 2 and 4 react with 1 equiv. Na[BPh4] (PhF, RT) in the presence of 5 equiv. 

THF to afford the corresponding cations  [{Mg(IMes)(Me)(THF)2]
+
 (12) and 

[{Mg(IPr)(Me)(THF)2}]
+
 (13) as BPh4

-
 salts (Scheme 5), along with a precipitate of NaBr, on the 

basis of 
1
H, 

13
C and 

11
B NMR data. In particular, 

1
H NMR data agree with the presence of a Mg–

Me
+
 moiety ( = -1.62 and -1.70 ppm for 12 and 13, respectively). The coordination of two THF 

molecules on Mg(II) for isolated salts 12 and 13 is indicated by significantly upfield shifted 
1
H 

NMR resonances for Mg–THF (for instance = 2.88 and 1.19 ppm for species 12) relative to 

those of free THF ( = 3.57 and 1.55 ppm). Also, the Ccarbene signals for 12 and 13 ( = 179.1 and 

181.6 ppm, respectively) are upfield shifted compared to those of parent precursors 2 and 4 ( = 

186.9 and 186.6 ppm), which is consistent with a more Lewis acidic Mg(II) center in cations 12 

and 13, as expected.
16

 Salts 12 and 13, isolated in good yield (over 80%) as colorless solids, are 

stable for weeks in the solid state and days in PhBr/PhF at room temperature under inert 

atmosphere. Both compounds are however unstable in CH2Cl2 and decompose within minutes at 

room temperature to unknown species. 

 

Scheme 5. Synthesis of NHC–Mg(II) alkyl cations 12-13 

 

The molecular structure of species 13 was confirmed by SC-XRD studies (Figure 5), indicating 

that its solution structure is retained in the solid state. It thus crystallizes as discrete 

[{Mg(IPr)(Me)(THF)2}]
+
  and BPh4

-
 ions with no cation/anion interactions. The mononuclear 

cation features a central Mg(II) center lying in a distorted tetrahedral environment, resulting in C(1)-

Mg(1)-C(28) and O(1)-Mg(1)-O(2) angles of 119.65(6) and 94.2(2)°, respectively. No significant 

differences were found in the Mg-NHC or Mg-Me bond lengths (Mg(1)-C(1) = 2.222(1), Mg(1)-

C(28) = 2.133(2) Å) compared to neutral NHC-supported magnesium adducts. Interestingly, unlike 

13, crystallization of mononuclear cation 12 (from PhF/pentane) affords dinuclear di-cation  

[{(Mg(IMes)(THF)}2(µ-Me)2]
2+

 (12’, Figure 6) as a BPh4
-
 salt. Thus, despite Coulombic 
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repulsions, mono-cation 12 aggregates to form di-cation 12’ with concomitant loss of a THF 

molecule per Mg(II) center. The formation of 12’ clearly reflects both the labile THF coordination to 

Mg(II) in solution and the lower steric hindrance of IMes vs. IPr. Cation 12’ thus contains two 

Mg(II) centers lying in distorted tetrahedral environments with two -Me bridging ligands. Unlike 

neutral dimers discussed herein, the -Me groups in 12’ disymmetrically bridges the two Mg(II) 

centers leading to significantly different Mg–(-Me) bond lengths: for instance, Mg1–C22 = 2.205(4) 

and Mg1–C22’ = 2.338(4) Å. As a comparison, the Mg–(-Me) bond lengths are nearly identical in 

neutral dimer 6 [{(Mg(IMes)(Cl)}2(µ-Me)2] (Figure 2, Mg1−C22 = 2.313(6), Mg1−C22’ = 

2.325(6)). The observed bonding parameters in Mg–(-Me)–Mg bridges of 12’ with rather long 

Mg1−C22’ and Mg1’–C22 distances may be sterically and electronically driven: i.e. to limit steric 

hindrance and Coulombic repulsions.  

 

Figure 5.  ORTEP representation of 13 (30% probability). The anions and hydrogen atoms have 

been omitted for clarity. Selected bond distances (Å) and angles (°): Mg1−C1 2.2224(13), 

Mg1−C28 2.1334(15), Mg1−O1 2.0309(12), Mg1−O2 2.045(7), C1−Mg1−C28 119.65(6), 

C1−Mg1−O1 111.43(5), C1−Mg1−O2 109.82(18), O1−Mg1−O2 94.19(13). 

 



13 

 

 

Figure 6:  ORTEP representation of 12’ (30% probability). The anions and hydrogen atoms have 

been omitted for clarity. Selected bond distances (Å) and angles (°): Mg1−C1 2.275(6), 

Mg1−C22 2.205(4), Mg1−C22’ 2.338(4), Mg1−O1 2.006(7), C1−Mg1−C22 117.3(2), 

C1−Mg1−C22’ 109.4(2), C1−Mg1−O1 117.6(3), C22−Mg1−O1 100.5(2), C22’−Mg1−O1 

104.3(2), C22−Mg1−C22’ 106.42(14). 

The ionization of dimers [{(Mg(IMes)(Br)}2(µ-Me)2] (6) and [{(Mg(IPr)(Br)}2(µ-Me)2] (7) was 

also investigated in the absence of any external Lewis base. No reaction was observed between 

derivative 6 or 7 and 2 equiv Na[BPh4] (PhBr or PhF, room temperature, 24 h) due to the poor 

solubility of all reagents, leading us to the use of the more soluble salt reagent Li[B(C6F5)4] as an 

ionizing agent. An initial monitoring NMR scale reaction of a 1/2 6/Li[B(C6F5)4] mixture 

(C6D5Br, 12 h, room temperature) led to the quantitative formation of polynuclear Mg(II) di-

cation [{[Mg(IMes)(Me)][Mg(IMes)]}(µ-Me)2]2(µ-Br)2]
2+

 as a B(C6F5)4
-
 salt (14, Scheme 6), 

along with 1 equiv of unreacted Li[B(C6F5)4] and formation of a precipitate attributed to LiBr. 

Heating the reaction mixture (50 °C, 2 h) to promote further ionization only led to decomposition 

products. The generation of cation 14 likely proceeds by a Br
-
 abstraction from dimer 

[{(Mg(IMes)(Br)}2(µ-Me)2] to afford transient dinuclear mono-cation [{(Mg(IMes)}2(µ-

Me)2(Br)]
+
 that then dimerizes to di-cation 14 through formation of two Mg–(-Br)–Mg bridges. 
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Compound 14 was isolated as colorless crystals in low yield (22 %) from reaction of a 1/1 

6/Li[B(C6F5)4] mixture. 

 

Scheme 6. Synthesis of the tetranuclear NHC–Mg(II) cationic complex 14 

 The molecular structure of 14, as established through SC-XRD analysis, consists of 

discrete [{[Mg(IMes)(Me)][Mg(IMes)]}(µ-Me)2]2(µ-Br)2]
2+

 (Figure 7) and B(C6F5)4
-
 ions with 

no cation/anion interactions. The di-cation is comprised of two IMes‒Mg(II) fragments 

connected by two -Me moieties and further assembled by two additional -Br groups. This 

results into a C2v-symmetric central tetranuclear [(-Br)Mg(-Me)2Mg]2 core with each metal 

center being decorated by a IMes carbene ligand. The Mg(II) centers are four-coordinate and lie 

in a slightly distorted tetrahedral environment with, for instance, C(1)-Mg(1)-Br(1) and Mg(1)-

C(44)-Mg(1) angles of 108.0(2) and 104.7(3)°, respectively. The Mg–NHC bond lengths (2.209(6) 

and 2.187(6) Å) are similar to those of the neutral parent compound 2. The 1H and 13C NMR data for 

14 (C6D5Br, room temperature) agree with a C2v-symmetric cationic species, with only one set of 

NMR resonances for the Mg–Me and IMes moieties. The 
13

C NMR Ccarbene signal ( = 175.3 ppm) 

is consistent with IMes coordination to Mg(II).  
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Figure 7. ORTEP representation of 14 (30% probability); the anions B(C6F5)4
-
 and hydrogen 

atoms have been omitted for clarity. Selected bond distances (Å) and angles (°): Mg1−C1 

2.210(6), Mg1−C43 2.234(6), Mg1−C44 2.263(7), Mg1−Br1 2.5204(19), Mg2−C22 2.186(6), 

Mg2−C43 2.240(7), Mg2−C44 2.231(6), C1−Mg1−Br1 107.97(16), C1−Mg1−C43 113.4(2), 

C1−Mg1−C44 117.2(3), C43−Mg1−Br1 107.3(2), C44−Mg1−Br1 105.72(17), C22−Mg2−C43 

118.2(2), C22−Mg2−C44 114.5(2), C43−Mg1−C44 104.6(2), C43−Mg2−C44 105.5(2). 

  In preliminary reactivity studies, cationic Mg–NHC alkyls 12 and 13 were observed to 

react fast and quantitatively with 1 equiv. of PhSiH3 (THF-d
8
 or C6D5Br, 5 min, room 

temperature) through presumably an alkyl-hydride exchange reaction (as deduced from the 

quantitative formation of PhEtSiH2), a reactivity well-established for neutral Mg–alkyl species.
17

 

Yet, the putatively formed Mg–H species are instable under the studied conditions to decompose 

to insoluble and unidentified material.
18

 

DFT-estimated electronic structure of NHC-supported Mg(II) species. The electronic 

structure and bonding features of selected neutral and cationic Mg-NHC species prepared herein 

were DFT-computed. First, as estimated at the PBEPBE/6-31+G** theory level,
19,20

 the bonding 
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and geometrical parameters at the Mg(II) centers for model compounds
21

 [{(Mg(IPr)(Me)}2(µ-

Me)2] (V’),  [{(Mg(IMes)(Br)}2(µ-Me)2] (VI), [{(Mg(IPr)(Br)}2(µ-Me)2] (VII), 

[{(Mg(IMes)(THF)}2(µ-Me)2]
2+ 

(XII’), [{Mg(IPr)(Me)(THF)2}]
+
 (XIII) agree well with SC-

XRD-characterized species 5’, 6, 7 and 12’ and 13 (Table S1, Supporting Information). For all 

species, NBO analysis of the bonding at Mg(II) are consistent with essentially ionic Mg–alkyl 

and Mg–NHC bonds with Wiberg indexes (WI) ranging from 0.22 for the Mg–(-Me) bonds in 

V’ to 0.35 for the Mg–Me bond in di-cation XII’ (Table S2, Supporting Information). The 

bonding of terminal ligands to Mg(II) is a bit more covalent as reflected by WI values of 0.38, 

0.53 and 0.56 for, respectively, the Mg–Me bond in V and the Mg–Br bonds in VI and VII. The 

positive charge at Mg(II) ranges from 1.12 to 1.25 for neutral models and is of 1.35 and 1.40 for 

cations XII’ and XIII, respectively, in line with a more electro-deficient Mg(II) center upon 

cationization. The overall electrostatic bonding of the model Mg(II) complexes was further 

supported by the electron localization function (ELF) topological analysis (Table S3, Supporting 

Information). As deduced from ELF isosurfaces computed for model V’ (Figure 8), no valence 

basins was identified between the Mg(II) center and the supporting ligands (bridging or terminal 

Me
-
 and IPr). A minor covalent character is present in the Mg–Br bonds as shown by the 

presence of a Mg-Br valence basin. However, these basins can be considered as ligand lone pair 

with a neglectable electronic contribution of the Mg(II) cation to these basins (Table S3).  

 

Figure 8. Electron Localization Funtion (ELF) isosurface (left,  = 8.87; right,  = 0.27) for a 

simplified model of V (the N-Dipp are replaced by N-Me groups for shorter calculation time). 

Non Covalent Interactions (NCI) analyses were also computed and further support the 

predominance of attractive electrostatic forces for Mg(II)-ligand interactions, as illustrated in the 
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case of model V’ (Figure 9). Interestingly, the NCI and ELF data for V’ also provide a rationale 

to the rather short Mg
...

Mg distances observed for all structurally characterized NHC–Mg dimers. 

Thus, as shown in Figure 9, the NCI for V’ feature repulsive and attractive forces between the 

Mg(II) centers, while only Coulombic repulsion would be expected between cations. Yet, from 

the ELF plot (Figure 8), the lone pair basins of the bridging Me groups connect at low isosurface 

value suggesting the presence of electron density between the Mg(II) centers. Such density 

arising from the two -Me groups results in Coulombic attraction with both Mg(II) centers, hence 

a shorter Mg–Mg distance than expected.  

 

Figure 9. Non Covalent Interactions (NCI) analysis for model species V’. Hydrogen atoms are 

omitted for clarity. The green basins represent area where attractive dispersive forces are present. 

The blue basins show the presence of attractive electrostatic forces. In red are displayed areas of 

steric clashes. 
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Conclusion 

A series of neutral complexes NHC-supported Grignard reagents and dialkyl Mg(II) 

species were synthesized and thoroughly structurally characterized, further establishing their 

strong tendency towards aggregation with the formation of [(NHC)Mg(R)(X)]2 dimeric adducts. 

Though mononuclear Mg–THF adducts [(NHC)Mg(R)(X)(THF)] may be isolated, all data 

suggest that THF coordination to Mg(II) is labile as reflected by the characterization of dimeric 

adduct 5’ from mononuclear THF adduct 5. These Grignard NHC adducts were successfully 

ionize to cationic NHC magnesium alkyls through halide abstraction. Akin to their neutral parent 

precursors, the structure of the resulting cations is strongly dependent upon reaction medium. The 

presence of THF allowed access to mononuclear NHC-supported Mg–alkyl cations 12 and 13. 

The labile nature of the Mg–THF interaction in such cations was also clearly evidenced with the 

formation of dimeric di-cation 12’ arising from aggregation of  bis-THF mono-cation 12. 

Accordingly, carrying the ionization [(NHC)Mg(R)(X)]-type species in the absence of THF may 

lead to larger cationic aggregates, as illustrated by the formation of tetranuclear NHC–Mg(II) di-

cation 14. As computed for selected neutral and cationic derivatives, the bonding at Mg(II) is 

essentially dominated by electrostatic interactions, which also rationalizes the rather short 

Mg
...

Mg distances systematically observed in all structurally characterized Mg(II) dimers.  

 

Experimental Section 

 

General considerations 

All experiments were carried out under N2 using standard Schlenk techniques or in a 

MBraun Labmaster l30 glovebox. Toluene and pentane were collected after going through drying 

columns (MB SPS-800), then distilled under N2 (over Na/benzophenone, or CaH2), and stored at 

last over molecular sieves (4 Å) for 24 h in a glovebox prior to use. All deuterated solvents were 

purchased from Sigma-Aldrich, excepted for C6D5Br, purchased from ABCR GmbH & Co. They 

were stored over molecular sieves (4 Å) for 24 h prior to use. Anhydrous MgBr2 was purchased 

from Strem Chemicals and used as received. Methyllithium 1.6 M in Et2O, Grignard Reagent 
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Solutions (EtMgBr, BnMgCl at 1.0 M and MeMgBr, PhMgBr at 3.0 M, in Et2O) were all 

purchased from Sigma-Aldrich and used as received. IMesHCl, IPrHCl, IMes, and IPr were 

prepared according to literature procedures.
22

 All NMR measurements were performed with 

Teflon-valve J. Young NMR tubes at ambient conditions. Proton (
1
H NMR) and carbon (

13
C{

1
H} 

NMR) nuclear magnetic resonance spectra were recorded on the following instrument: Bruker 

AVANCE I – 500 MHz spectrometer. The chemical shifts are given in part per million (ppm). 

Chemical shifts are given in ppm, 
1
H and 

13
C shifts are reported towards SiMe4, and were 

determined relative to the residual signals of deuterated solvents as internal references, while 
19

F 

and 
11

B NMR shifts are reported respectively towards BF3 and H3BO3 as external references. 

Data are presented as follows: chemical shift, multiplicity (s = singlet, d = doublet, t = triplet, q = 

quartet, sept = septuplet, m = multiplet, br = broad), coupling constants (J/Hz) and integration. 

For the X-ray diffraction studies, the intensity data were collected at 173(2) K on a Bruker 

KAPPA APEX II DUO diffractometer or on a Bruker KappaCCD diffractometer (compound 8). 

Crystallographic and experimental details for all the structures are summarized in the Supporting 

Information (page S17). The structures were solved by direct methods (SIR-97 or SHELXS-2013 

or SHELXS-2014) and refined by full-matrix least-squares procedures (based on F
2
, SHELXL-

2013 or SHELXL-2014) with anisotropic thermal parameters for all the non-hydrogen atoms.
23,24

 

The hydrogen atoms were introduced into geometrically calculated positions (SHELXL-2013 or 

SHELXL-2014 procedures) and refined riding on the corresponding parent atoms. Despite 

numerous attempts and akin to previous reports, satisfactory elemental analyses could not be 

collected for the NHC magnesium complexes due to their very sensitive nature.
8h,8i

  

Preparation of [Mg(IMes)(Et)(Br)(THF)] (1). In a glovebox, 1.05 equiv. of ethylmagnesium 

bromide in Et2O solution (1.00 ml, 0.99 mmol) was added dropwise to a cold solution of THF (-

35 °C) containing 1 equiv. of free IMes (0.287 g, 0.94 mmol). The mixture was stirred for 4 

hours at room temperature. Then, THF was removed under reduced pressure, and the resulting 

white powder was washed with 10 ml of pentane to afford complex 1 (0.451 g, 96 %).
1
H NMR 

(500 MHz, d8-THF): -1.18 (q, 
3
J = 7.7 Hz, 2H, MgEt), 0.82 (t, 

3
J = 7.7 Hz, 3H, MgEt), 1.77 (m, 

4H, THF), 2.15 (s, 12H, Ar(o-Me)), 2.33 (s, 6H, Ar(p-Me)), 3.62 (m, 4H, THF), 7.02 (s, 4H, 

Ar(m-H)), 7.27 (s, 2H, Im(H)); 
13

C NMR (125 MHz, d8-THF): -1.1 (MgEt), 13.4 (MgEt), 18.0 

(Ar(o-Me)), 20.9 (Ar(p-Me)), 26.2 (THF), 68.0 (THF), 123.4 (Im(CH)), 129.6 (Ar(CH)), 136.3 

(Ar), 137.0 (Ar), 139.3 (Ar(Cipso)), 187.2 (carbene). 



20 

 

Preparation of [Mg(IMes)(Me)(Br)(THF)] (2). Following a protocol used for 2, 1.05 equiv. of 

methylmagnesium bromide in Et2O solution (0.7 ml, 2.10 mmol) and 1 equiv. of free IMes (0.506 

g, 1.99 mmol) produced complex 3 as an off-white powder (0.953 g, 96 %). 
1
H NMR (500 MHz, 

d8-THF): -2.03 (s, 3H, MgMe), 1.77 (m, 4H, THF), 2.15 (s, 12H, Ar(o-Me)), 2.33 (s, 6H, Ar(p-

Me)), 3.62 (m, 4H, THF), 7.01 (s, 4H, Ar(m-H)), 7.27 (s, 2H, Im(H)); 
13

C NMR (125 MHz, d8-

THF): -15.4 (MgMe), 18.0 (Ar(o-Me)), 20.9 (Ar(p-Me)), 26.2 (THF), 68.0 (THF), 123.4 

(Im(CH)), 129.5 (Ar(CH)), 136.3 (Ar), 136.7 (Ar), 139.3 (Ar(Cipso)), 186.9 (carbene). 

Preparation of [Mg(IPr)(Et)(Br)(THF)] (3). Following a protocol used for 2, 1.06 equiv. of 

ethylmagnesium bromide in Et2O solution (0.9 ml, 0.92 mmol) and 1 equiv. of free IPr (0.340 g, 

0.87 mmol) produced complex 3 as an off-white powder (0.411 g, 95 %). 
1
H NMR (500 MHz, 

d8-THF): -1.18 (m, 2H, MgEt), 0.85 (m, 3H, MgEt), 1.15 (d, 
3
J = 6.7 Hz, 12H, CH3-iPr), 1.29 (d, 

3
J = 6.7 Hz, 12H, CH3-iPr), 1.77 (m, 4H, THF), 2.84 (sp, 

3
J = 6.7 Hz, 4H, CH-iPr), 3.62 (m, 4H, 

THF), 7.31 (d, 
3
J = 7.7 Hz, 4H, Ar(m-H)), 7.34 (s, 2H, Im(H)), 7.42 (t, 

3
J = 7.7 Hz, 2H, Ar(p-H)); 

13
C NMR (125 MHz, d8-THF): -1.2 (MgEt), 13.5 (MgEt), 23.9 (CH3-iPr), 25.6 (CH3-iPr), 26.1 

(THF), 29.1 (CH-iPr), 68.0 (THF), 124.2 (Im(CH)), 124.4 (Ar(CH)) 130.0 (Ar(CH)), 137.6 (Ar), 

146.7 (Ar(Cipso)). 

Preparation of [Mg(IPr)(Me)(Br)(THF)] (4). Following a protocol used for 2, 1.05 equiv. of 

methylmagnesium bromide in Et2O solution (0.5 ml, 1.57 mmol) and 1 equiv. of free IPr (0.582 

g, 1.50 mmol) produced complex 4 as a white powder (0.717 g, 97 %). 
1
H NMR (500 MHz, d8-

THF): -2.03 (s, 3H, MgMe), 1.15 (d, 
3
J = 6.6 Hz, 12H, CH3-iPr), 1.28 (d, 

3
J = 6.6 Hz, 12H, CH3-

iPr), 1.77 (m, 4H, THF), 2.84 (sp, 
3
J = 6.6 Hz, 4H, CH-iPr), 3.62 (m, 4H, THF), 7.29 (d, 

3
J = 7.7 

Hz, 4H, Ar(m-H)), 7.34 (s, 2H, Im(H)), 7.41 (t, 
3
J = 7.7 Hz, 2H, Ar(p-H)); 

13
C NMR (125 MHz, 

d8-THF): -17.6 (MgMe), 22.4 (CH3-iPr), 22.6 (CH3-iPr), 23.5 (THF), 26.5 (CH-iPr), 64.9 (THF), 

121.6 (Im(CH)), 121.6 (Ar(CH)) 127.4 (Ar(CH)), 134.9 (Ar), 146.0 (Ar(Cipso)),186.6 (carbene). 

Preparation of [Mg(IPr)(Me)2(THF)] (5). In a glovebox, 1 equiv. of methyllithium in hexane 

solution (80 L, 0.12 mmol) was slowly added to a cold solution (-35 °C) of 1 equiv. of 

[Mg(IPr)(Me)(Br)(THF)] (5) (0.045 g, 0.12 mmol) solubilized in 1 ml of THF. The formation of 

a precipitate was observed after 15 min while the solution had turned orange. After filtration over 

a plug of kieselguhr, the solution was dried out. The residues were washed with pentane to afford 

6 as a white powder (0.037 g, 75 %). 
1
H NMR (500 MHz, d8-THF): -1.93 (s, 6H, MgMe2), 1.16 
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(d, 
3
J = 6.8 Hz, 12H, CH3-iPr), 1.22 (d, 

3
J = 6.8 Hz, 12H, CH3-iPr), 1.77 (m, 4H, THF), 2.82 (sp, 

3
J = 6.7 Hz, 4H, CH-iPr), 3.62 (m, 4H, THF), 7.25 (s, 2H, Im(H)), 7.27 (d, 

3
J = 7.8 Hz, 4H, 

Ar(m-H)), 7.38 (t, 
3
J = 7.8 Hz, 2H, Ar(p-H)); 

13
C NMR (125 MHz, d8-THF): -15.9 (MgMe2), 

24.1 (CH3-iPr), 24.4 (CH3-iPr), 26.1 (THF), 29.0 (CH-iPr), 68.0 (THF) , 123.3 (Ar(CH)), 123.9 

(Im(CH)), 129.5 (Ar(CH)), 138.4 (Ar), 146.6 (Ar(Cipso)). 

 

Preparation of [{(Mg(IMes)(Br)}2(µ-Me)2] (6). Procedure 1: In a glovebox, 1.05 equiv. of 

methylmagnesium bromide in Et2O solution (0.4 ml, 1.10 mmol) was added dropwise to 1 equiv. 

of free IMes (0.318 g, 1.04 mmol) dissolved in 5 ml of toluene and 5 ml of diethyl ether (1:1) at -

35 °C. After 4 hours at room temperature, a precipitate was formed and the solvents were 

removed under reduced pressure. Two triturations/filtrations made with 10 ml of solutions 

containing 1:5 volumes of toluene:pentane, followed by one trituration/filtration made with 5 ml 

of pentane produced 6 as a white powder (0.376 g, 85 %). 
1
H NMR (500 MHz, C6D5Br): -1.96 (s, 

3H, MgMe), 2.00 (s, 12H, Ar(o-Me)), 2.22 (s, 6H, Ar(p-Me)), 6.44 (s, 2H, Im(CH)), 6.64 (s, 4H, 

Ar(m-H)); 
13

C{
1
H} NMR (125 MHz, C6D5Br): -14.9 (MgMe), 17.6 (Ar(o-Me)), 21.0 (Ar(p-Me)), 

118.0 (Im(CH)), 134.6 (Ar), 135.0 (Ar), 138.4 (Ar), 182.0 (carbene). 

Procedure 2: In a glovebox, 1 equiv. of anhydrous magnesium bromide (0.193 g, 1.05 mmol) was 

added to 12 mL of diethyl ether containing 1 equiv. of free IMes (0.320 g, 1.05 mmol). The 

solution was stirred until dissolution of MgBr2 and cooled down to -35°C. Then 1.05 equiv. of 

methyllithium in Et2O solution (0.4 ml, 1.10 mmol) was added dropwise. After 1 hour at room 

temperature, a precipitate attributed to the formation of LiBr was discarded upon filtration 

through a glass frit (porosity 5) and the solvent was removed under pressure. The residues were 

twice triturated/filtered with 10 ml of a solution containing 1:5 volumes of toluene:pentane, and 

once with 5 ml of pentane yielding 7 as a white powder (0.141 g, 32 %). 

Preparation of [(Mg(IPr)(Br)(µ-Me)]2 (7). Following the protocol 1 used for 6, 1 equiv. of 

methylmagnesium bromide in Et2O solution (0.3 ml, 0.87 mmol) and 1 equiv. of free IPr (0.320 

g, 0.87 mmol) produced 7 as a white powder (0.340 g, 81 %). 
1
H NMR (500 MHz, C6D5Br): -

2.07 (s, 3H, MgMe), 0.94 (d, 
3
J = 6.6 Hz, 12H, CH3-iPr), 1.37 (d, 

3
J = 6.6 Hz, 12H, CH3-iPr), 

2.80 (sp, 
3
J = 6.6 Hz, 4H, CH-iPr), 6.82 (s, 2H, Im(CH)), 7.03 (d, 

3
J = 7.6 Hz, 4H, Ar(m-H)), 

7.22 (t, 
3
J = 7.6 Hz, 2H, Ar(p-H)); 

13
C{

1
H} NMR (125 MHz, C6D5Br): -14.2 (MgMe), 23.3 



22 

 

(CH3-iPr), 25.6 (CH3-iPr), 28.1 (CH-iPr), 123.7 (Im(CH)), 130.1 (Ar), 134.7 (Ar), 145.5 (Ar), 

185.0 (carbene). 

Preparation of [{(Mg(IMes)(Ph)}2(µ-Br)2] (8). Following the protocol 1 used for 7, 1.06 equiv. 

of phenylmagnesium bromide in Et2O solution (0.3 ml, 0.95 mmol) and 1 equiv. of free IMes 

(0.275 g, 0.90 mmol) produced 8 as a white powder (0.424 g, 78 %). 
1
H NMR (500 MHz, 

C6D5Br): 1.83 (s, 12H, Ar(o-Me)), 2.16 (s, 6H, Ar(p-Me)), 5.84 (s, 2H, Im(CH)), 6.62 (s, 4H, 

Ar(m-H)), 7.39 (m, 3H, MgPh), 7.59 (m, 2H, MgPh); 
13

C{
1
H} NMR (125 MHz, C6D5Br): 17.3 

(Ar(o-Me)), 20.8 (Ar(p-Me)), 121.8 (Im(CH)), 124.8 (Ar), 134.5 (Ar), 134.5 (Ar), 138.2 (Ar), 

139.8 (Ar), 167.0 (Ar), 181.9 (carbene). 

Preparation of [{(Mg(IMes)(Bn)}2(µ-Cl)2] (9). Following the protocol 1 used for 7, 1.05 equiv. 

of benzylmagnesium chloride in Et2O solution (1.1 ml, 1.07 mmol) and 1 equiv. of free IMes 

(0.310 g, 1.02 mmol) produced 9 as a white powder (0.406 g, 82 %). 
1
H NMR (500 MHz, 

C6D5Br): 1.43 (s, 2H, Bn(CH2)), 1.89 (s, 12H, Ar(o-Me)), 2.13 (s, 6H, Ar(p-Me)), 5.88 (s, 2H, 

Im(CH)), 6.73 (s, 4H, Ar(m-H)), 6.90 (t, 1H, Bn(p-CH)), 7.20 (t, 2H, Bn(m-CH)), 7.25 (d, 2H, 

Bn(o-CH); 
13

C{
1
H} NMR (125 MHz, C6D5Br): 17.4 (Ar(o-Me)), 21.0 (Ar(p-Me)), 63.4 (Bn), 

122.2 (Im(CH)), 124.7 (Ar), 126.7 (Ar), 129.1 (Ar), 134.6 (Ar), 134.7 (Ar), 138.0 (Ar), 146.7 

(Ar), 182.9 (carbene). 

Preparation of [{(Mg(IPr)(Ph)}2(µ-Br)2] (10). Following the protocol 1 used for 7, 1 equiv. of 

phenylmagnesium bromide in Et2O solution (0.3 ml, 0.80 mmol) and 1 equiv. of free IPr (0.312 

g, 0.80 mmol) produced 10 as a white powder (0.298 g, 65 %). 
1
H NMR (500 MHz, C6D5Br): 

1.09 (d, 
3
J = 6.6 Hz, 12H, CH3-iPr), 1.15 (d, 

3
J = 6.6 Hz, 12H, CH3-iPr), 2.62 (sp, 

3
J = 6.6 Hz, 

4H, CH-iPr), 7.26 (s, 2H, Im(CH)), 7.52 (d, 
3
J = 7.6 Hz, 4H, Ar(m-H)), 7.60 (m, 3H, MgPh), 7.71 

(t, 
3
J = 7.6 Hz, 2H, Ar(p-H)), 8.02 (m, 2H, MgPh). 

Preparation of [{(Mg(IMes)(Br)}2(µ-Cl)2] (11). In a glovebox, 1.2 equiv. of ethylmagnesium 

bromide in Et2O solution (0.70 ml, 0.74 mmol) was added dropwise to a vigorously stirred slurry 

of 1.0 equiv. of IMesHCl (0.211 g, 0.62 mmol) in 10 ml of THF. Progressive dissolution of the 

imidazolium salt was observed simultaneously with formation of ethane bubbling. The resulting 

orange solution was stirred for 2 h. Upon removal of the solvent under reduced pressure, a white 

powder was obtained and washed with 10 ml of pentane, to afford the complex 11 (0.274 g, 85 
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%). 
1
H NMR (500 MHz, d8-THF): 1.77 (m, 4H, THF), 2.16 (s, 12H, Ar(o-Me)), 2.33 (s, 6H, 

Ar(p-Me)), 3.62 (m, 4H, THF), 7.02 (s, 4H, Ar(m-H)), 7.31 (s, 2H, Im(H)); 
13

C{
1
H} NMR (125 

MHz, d8-THF): 18.0 (Ar(o-Me)), 20.9 (Ar(p-Me)), 26.2 (THF), 68.0 (THF), 123.4 (Im(CH)), 

129.5 (Ar(CH)), 136.3 (Ar), 136.3 (Ar), 139.4 (Ar(Cipso)), 187.0 (carbene). 

 

Preparation of [Mg(IMes)(Me)(THF)2]
+
[(B(C6H5)4]

-
 (12). In a glovebox, 1 equiv. of NaBPh4 

(0.168 g, 0.56 mmol) and 5 equiv. of THF (0.23 ml, 2.8 mmol) were added to10 ml of 

fluorobenzene containing 1 equiv. of [Mg(IMes)(Me)(Br)(THF)] (3) (0.280 g, 0.56 mmol). After 

12 hours at room temperature, a precipitate was formed and the solvents were removed under 

reduced pressure. Three triturations/filtrations made with 10 ml of pentane produced 12 as a 

white powder (0.414 g, 83%). 
1
H NMR (400 MHz, C6D5Br): -1.62 (s, 3H, MgMe), 1.18 (m, 8H, 

THF),  1.84 (s, 12H, Ar(o-Me)), 2.15 (s, 6H, Ar(p-Me)), 2.88 (m, 8H, THF), 6.74 (t, 
3
J = 7.2 Hz, 

4H, BPh(p-H)), 6.94 (t, 
3
J = 7.4 Hz, 8H, BPh(m-H)), 7.05 (s, 4H, Ar(m-H)), 7.15 (s, 2H, Im(H)), 

7.33 (m, 8H, BPh(o-H)); 
13

C{
1
H} NMR (125 MHz, C6D5Br) -15.7 (MgMe), 17.1 (Ar(o-Me)), 

20.8 (THF), 24.1 (Ar(p-Me)), 69.4 (THF), 121.5 (BPh(CH)), 124.2 (Im(CH)), 125.4 (m, 

BPh(CH)), 129.7 (Ar(CH)), 135.9 (Ar), 136.2 (Ar), 136.8 (BPh(CH)), 139.9 (Ar(Cipso)), 164.8 

(m, BPh(Cipso)), 179.1 (carbene); 
11

B NMR (128 MHz, C6D5Br) -5.9 (BPh4).  

Preparation of [Mg(IPr)(Me)(THF)2]
+
[(B(C6H5)4

-
] (13). Following a protocol used for 12, 1 

equiv. of NaBPh4 (0.180 g, 0.54 mmol), 5 equiv. of THF (0.21 ml, 2.7 mmol) and 1 equiv. of 

[Mg(IPr)(Me)(Br)(THF)] (5) (0.300 g, 0.54 mmol) produced 13, as a white powder (0.389 g, 81 

%). 
1
H NMR (500 MHz, C6D5Br): -1.70 (m, 2H, MgMe), 1.00 (d, 

3
J = 6.6 Hz, 12H, CH3-iPr), 

1.12 (d, 
3
J = 6.6 Hz, 12H, CH3-iPr), 1.19 (m, 8H, THF), 2.48 (sp, 

3
J = 6.6 Hz, 4H, CH-iPr), 2.85 

(m, 8H, THF), 6.75 (s, 2H, Im(H)), 6.96 (t, 
3
J = 7.1 Hz, 4H, BPh(p-H)), 7.13 (t, 

3
J = 7.4 Hz, 8H, 

BPh(m-H)), 7.31 (d, 
3
J = 7.7 Hz, 4H, Ar(m-H)), 7.42 (t, 

3
J = 7.7 Hz, 2H, Ar(p-H)), 7.78 (m, 8H, 

BPh(o-H)),; 
13

C NMR (125 MHz, C6D5Br): -15.9 (MgMe), 22.3 (THF), 23.8 (CH3-iPr), 29.0 

(CH-iPr), 69.2 (THF), 121.5 (BPh(CH)), 124.2 (Im(CH)), 124.4 (Ar(CH)), 125.4 (m, BPh(CH)), 

130.1 (Ar(CH)), 136.8 (BPh(CH)), 137.4 (Ar), 146.5 (Ar(Cipso)) 164.4 (m, BPh(Cipso)), 181.6 

(carbene); 
11

B NMR (128 MHz, C6D5Br) -5.9 (BPh4).  
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Preparation of [{[Mg(IMes)(Me)][Mg(IMes)]}(µ-Me)2]2(µ-Br)2]
2+

[(B(C6F5)4]
-
2 (14). In a 

glovebox, 1 equiv. of Li[B(C6F5)4] (0.123 g, 0.18 mmol) was added to 10 ml of bromobenzene 

containing 1 equiv. of  [{(Mg(IMes)(Br)}2(µ-Me)2] (7) (0.087 g, 0.09 mmol). A white precipitate 

was immediately observed upon addition of the sodium salt. After filtration over Kieselguhr, the 

resulting solution was cooled at -35 °C providing 14 as colourless crystals. (0.063 g, 22 %). 
1
H 

NMR (400 MHz, C6D5Br): -2.63 (s, 3H, MgMe), 1.82 (s, 24H, Ar(o-Me)), 2.20 (s, 12H, Ar(p-

Me)), 6.62 (s, 4H, Im(H)), 6.71 (s, 4H, Mes), 6.79 (s, 8H, Mes); 
13

C{
1
H} NMR (125 MHz, 

C6D5Br) -16.9 (MgMe), 16.7 (Ar(o-Me)), 20.6 (Ar(p-Me)), 127.7 (Ar), 137.3 (Ar), 139.0 (Ar), 

141.8 (Ar), 142.7 (Ar), 148.8 (Ar), 175.3 (carbene). 

Associated content 

Supporting information 

 NMR spectra of complexes 1-14, summary of crystal data for 5’, 6, 7, 8, 9, 10, 11, 12’, 13, 

computational details on models V’, VI, VII, XII’ and XIII. The Crystallographic information files 

(CIF) have been deposited with the CCDC, 12 Union Road, Cambridge, CB2 1EZ, U.K., and can 

be obtained on request free of charge, by quoting the publication citation and deposition numbers 

1906336 & 1906341–1906349. This material is also available free of charge via the Internet at 

http://pubs.acs.org.  
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