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Organocalcium-Mediated Nucleophilic Alkylation of Benzene

i. Group 2: Beyond Magnesium

• Magnesium-based Grignard reagents are ubiquitous in chemistry due to their simple synthesis, stability and reactivity.

• ‘Heavy Grignards’ often lack these properties and have thus remained relatively unexplored.

ii. Alkylation of Benzene

• In 1877 Friedel and Crafts pioneered a fundamental chemical transformation, their eponymous alkylation of benzene.

• This electrophilic aromatic substitution is archetypal of the reactivity of the electron-rich π-system of benzene.

• Compound 2 was characterised by NMR spectroscopy and single crystal X-ray diffraction analysis.
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Introduction

Synthesis

i. Solvent-Free Calcium Hydride

• Molecular calcium hydride species have been prepared via σ-bond metathesis of a Ca-X bond with a hydridic E-H bond.

• The reaction of [(BDI)CaN(SiMe3)2] (1) with a three-fold excess of PhSiH3 afforded [(BDI)CaH]2 (2) in good yields (> 70%).1

Reactivity

• Diagnostic methine and hydride resonances were observed at 4.83 and 4.27 ppm respectively in the 1H NMR spectrum of 2.

• Compound 2 is dimeric in the solid state with coordinatively unsaturated calcium centres.

• A few organocalcium species with kinetically stabilising ligands and/or bulky organo- substituents have been isolated.

Figure 1. Victor Grignard. Figure 2. Decomposition pathways for organocalcium species.

Figure 3. Isolated organocalcium species.

• Nucleophilic aromatic substitution of benzene is unreported but strong electron withdrawing substituents facilitate it 

Figure 4. Friedel-Crafts alkylation of benzene.

Figure 5. Nucleophilic aromatic substitution of benzene.

Figure 6. Synthesis of compound 2.
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Figure 7. 1H NMR spectrum of compound 2. Figure 8. ORTEP representation of compound 2. 

ii. n-Alkylcalcium Species

• The insertion of C=C bonds into Ca-H bond of 2 afforded unprecedented n-alkylcalcium species (3 – 5).1

• Compounds 3 – 5 were identified by indicative upfield resonances of the α-methylene protons (ca. – 0.7 ppm).

• The Ca-C bonds of compounds 3 – 5 (2.49 – 2.58 Å) are within the range of previously reported organocalcium species.

Figure 9. Synthesis of compounds 3 - 5.

Figure 10. 1H NMR spectrum of compound 5. Figure 11. ORTEP representation of compound 5. 

i. Nucleophilic Alkylation of Benzene

• Compounds 3 - 5 were heated in C6D6 at 60 °C to generate [(BDI)CaD]2 (1-d) and the corresponding d5-alkylbenzene.1

Figure 12. Nucleophilic alkylation of benzene.

• The reaction progress was monitored by the intensity of the relative methine, α-methylene and benzylic resonances.

Figure 13. Stacked 1H NMR spectra of the reaction of 5 with C6d6.

• The reaction is half order in [5] suggesting the rate determining step is the cleavage of the dimer.

ii. DFT Calculations

• DFT supports this supposition as dissociation to a monomer (G) is the most endothermic (ΔH = +23.3 kcalmol-1) step.1

• Benzene is activated towards nucleophilic attack through its coordination to the calcium centre.

• Overall the process is exothermic (ΔH = -30.1 kcalmol-1).

Figure 14. Computed (DFT, B3PW91) energy profile for the reaction of 5 with benzene.
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Isolable organocalcium species could overcome benzene’s defences. 
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Unprecedented n-alkylcalcium species are isolable. 
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Blue skies research challenges scientific paradigms. 


