
Stability of Nitrenes (and Related Species)

Nitrenes (R–N:, R–:■·) — usually very reactive

Nitrenes are the nitrogen analogue of carbenes: monovalent N with four nonbonded

electrons (6 valence electrons total). They are normally highly reactive intermediates

(insertions, additions, rearrangements). - Electronic states: singlet vs triplet nitrenes

behave differently (singlets are more electrophilic and undergo concerted insertions;

triplets behave like diradicals). - Typical lifetime: short (transient), often observed in

matrices, in gas phase, or trapped in reactions. However, some isolable triplet nitrenes

exist with bulky substituents or metal coordination. - How to stabilize nitrenes: • Steric

protection — bulky groups block bimolecular reactions. • Delocalization / conjugation —

resonance into aromatic systems or heteroatoms. • Metal coordination — “metallonitrenes”

where a metal stabilizes the nitrene. • Low temperature / matrix isolation — cryogenic

trapping in inert matrices.

Nitriles (R–C≡N) — generally stable

Nitriles (the cyano group) are a stable, common functional group in organic chemistry: a

polar C≡N triple bond that is relatively inert under mild conditions. They can be stored and

handled safely. - Stability: resistant to many conditions but hydrolyze to amides/carboxylic

acids under strong acid/base and heat. - Electronic effects: electron withdrawing/donating

groups influence electrophilicity of the nitrile carbon.

Nitrenium ions (R–N■=R or analogues) — electrophilic and
reactive

Nitrenium ions are nitrogen-centered cations (formally R–N■–R), highly electrophilic and

short-lived. They occur in biological and synthetic reaction mechanisms. Their stability is

enhanced by resonance delocalization and electron-donating substituents.

Key Factors Controlling Stability (all N-centered species)

1. Electronic delocalization / resonance — conjugation lowers reactivity. 2. Steric

protection — bulky groups block decay. 3. Metal coordination / complexation — metals

stabilize fleeting species. 4. Solvent & temperature — inert solvents and low temperature

increase lifetimes; polar media accelerate decay.

This summary distinguishes nitrenes, nitriles, and nitrenium ions, outlining their relative

stability and main stabilizing factors.


