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Generation of Specific Isomeric Carbanions 
in the Gas Phase 

Sir: 

The study of the reactions of organic anions in the gas phase 
is a subject of increasing interest, since it provides information 
about the intrinsic reactivity1 and basicity of ions,2 the electron 
affinity of radicals,3 and other fundamental properties of ions 
unencumbered by solvation.4 Moreover, negative ion chemical 
ionization mass spectrometry is becoming a tool of increasing 
importance for chemical analysis and structural elucidation.5 

A common method for the production of such anions is proton 
abstraction from neutral molecules using the strong gas phase 
bases, hydroxide or alkoxide ions. 

However, carbanion production by proton abstraction is 
often ambiguous and unsatisfactory. There may be several 
abstractable protons in the hydrocarbon molecule, so that 
mixtures of anions may be formed. In some cases, as in proton 
abstraction from 2-pentene, the relative acidity of the two types 
of allylic protons is similar, and formation of both anions is 
expected. However, even in molecules where the proton aci
dities are expected to differ substantially, as in propyne, we 
have found in our flowing afterglow system6 that a majority 
of the less stable anion is formed: 

<40% 

O H " + CH3C=CD—*• CH 3 C=C- + HOD (1) 

>60% 

O H " + CH3C=CD—>- -CH2C=CD + H2O (2) 

A more subtle and hence more dangerous complication is 
the observed base promoted rearrangement of certain mole
cules in the very ion-molecule complex in which proton ab
straction occurs.7 Thus double-bond migration and cis-trans 
isomerization may occur, leading to anions of unknown or 
unexpected structure. 

We report herein that many organic anions can be generated 
efficiently and unambiguously by reaction of their trimeth-
ylsilyl derivatives with fluoride ion (easily formed by electron 
impact on NF3 or CF4). For example, each of the two isomeric 
C3H3- ions can be separately generated in this manner: 

F - + CH3C=CSi(CH3J3 

— CH 3 C=C- + FSi(CH3)3 (3) 

F- + HC=CCH2Si(CH3);, 
— HC=CCH2- + FSi(CH3J3 (4) 

The success of this method must depend upon the great 
strength of the silicon-fluorine bond which compensates for 
the greater electron affinity of fluorine atoms relative to or
ganic radicals. The two ionic products of eq 3 and 4 differ 
substantially in their reactivity, confirming their isomeric 
structures. For example, the propargyl anion reacts with mo
lecular oxygen seven times more rapidly than does the methyl 
acetylide anion8 and large differences in rates or products are 
observed with D2O and other reagents. 

In addition to anions stabilized by triple bonds, the fluo-
ride-silane displacement reactions are useful for producing 
a variety of allyl and benzyl anions. Trimethylsilyl derivatives 
are generally easily prepared9 and can be handled without 
difficulty. We have applied this method to generate anions 
from the trimethylsilyl derivatives of propylene, cis- and 
/rart.s-2-butene and toluene. We have not yet been successful 
in creating less stable anions; tetramethylsilane and vinyl and 
cyclopropyl trimethylsilane form adducts with F - and only 
traces of Q H s - are produced from phenyl trimethylsilane. 

An equally important advantage of this method is produc
tion of anions in the absence of their hydrocarbon precursors. 
These acidic precursors frequently react with product ions to 

regenerate the initial carbanion and thus greatly complicate 
the determination of rate constants and product distribu
tions. 

In conclusion, the displacement reaction of fluoride ion with 
trimethylsilyl derivatives allows the specific production of a 
single isomeric species in the absence of other anions or acidic 
neutrals; this method, therefore, will greatly facilitate the 
detailed correlation of structure and reactivity of gas phase 
organic anions. 
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Gas-Phase Reactions of Carbanions with 
Triplet and Singlet Molecular Oxygen 

Sir: 

We report herein the ion-molecule reactions of molecular 
oxygen, in both its ground state (X32g

_) and first electroni
cally excited state (a'Ag),1 with organic anions in the gas 
phase. Molecular oxygen promises to be a powerful reagent 
for gas-phase chemical degradation and structural elucidation 
of ions since it appears to induce specific cleavage reactions 
which reflect the various sites of negative charge in the 
anion. 

We generate organic anions in our flowing afterglow system2 

by proton abstraction with amide from neutral organic pre
cursors or by the reaction of F - with silanes.3 The ions are 
collisionally relaxed before they are mixed with the reactant 
molecular oxygen. The reactant and product ionic species are 
monitored by mass spectrometric detection. 

As a typical example of a delocalized species, the 2,4-hex-
adienyl anion reacts readily with ground-state oxygen by ad
dition and cleavage at each nonterminal carbon atom which 
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