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We recently described a new method for producing intense
beams of structurally-defined biradical negative ions (“distonic
radical anions”) in the gas phase based on reactions between
trimethylsilyl-substituted carbanions and molecular fluorine.1

This synthetic procedure has been used to generate,inter alia,
trimethylenemethane anion andm- andp-benzyne anions for
use in negative ion photoelectron spectroscopic measurements
of the singlet-triplet splittings in the corresponding neutral
biradicals.2 We now wish to report the extension of this
procedure to the rational synthesis of negative ions oftriradicals,
i.e., “distonic biradical anions”. The significance of these
species is manifold. Polyradicals and their associated ions are
the central focus of current efforts to produce synthetic organic
ferromagnets.3,4 Although triradical negative ions have been
prepared in solution and in frozen matrices,5 they are un-
precedented in the gas phase. Just as distonicradical ions are
useful surrogates for mass spectrometric studies of free radical
chemistry,6,7 so distonicbiradical ions can also provide a means
to examine the properties and reactivity of biradicals using gas-
phase ion techniques. From a theoretical perspective, triradical
ions represent important paradigms for computational studies
of ferromagnetic coupling, Jahn-Teller effects, and electron
delocalization in open-shell organic molecules.3,5,8 Perhaps the
most compelling aspect of these ions is that they are the essential
precursors for negative ion photoelectron measurements of
doublet-quartet splittings in hydrocarbon triradicals. These
important physical quantities are unknown at present.
In this report, we describe the gas-phase synthesis and

characterization of 3,5-dehydrophenyl anion,1, and 1,3,5-
trimethylenebenzene negative ion,2. Ion 1 corresponds to the

negative ion of the (σ,σ,σ) triradical 1,3,5-benzenetriyl, and it
can also be viewed as a deprotonatedm-benzyne. The fascinat-
ing orbital topology of the 3,5-dehydrophenylcation was
recognized more than 17 years ago by Schleyeret al.,9 who
coined the term “double aromaticity” to indicate the aromatic

cyclopropenyl cation-like array of threeσ orbitals imbedded
within the aromaticπ-system. Occupation of theseσ orbitals
by four electrons gives rise to the interesting possibility for this
carbanion to exhibit low-lying singlet and triplet spin states,
with the latter form constituting a novel example of an
“antiaromatic”σ-system. Ion2 is the negative ion of the all-π
triradicalR,R′,R′′-mesitylenetriyl,10 and it can also be thought
of as an ionic derivative ofm-xylylene.11 As in 1, occupation
of the three valenceπ orbitals in 2 with four electrons also
necessarily leads to low-lying singlet and triplet states. Indeed,
the valence orbital symmetries and energy level pattern, and
the overall electronic state symmetries of2 are essentially the
same as those of the archetypal non-Kekule biradical trimeth-
ylenemethane.12 Thus, an obvious challenge in characterizing
1 and2 is the assignment of their ground-state multiplicities.
In this work we demonstrate that the gas-phase reactivities of
these species are consistent with a singlet ground state for1
and a triplet ground state for2.
All experiments were carried out at room temperature in a

flowing afterglow triple-quadrupole apparatus.13 The gas-phase
syntheses of1 and 2 involve sequential desilylation of the
correspondingtris-trimethylsilyl-substituted hydrocarbons. Thus,
reaction between F- and 1,3,5-tris(trimethylsilyl)benzene pro-
ducesbis(trimethylsilyl)phenyl anion as a major ionic product
(Scheme 1). Further reaction of this ion with F2 (added as a
5% mixture in helium) yields the monosilylated (meta) benzyne
radical anion and the fully-desilylated C6H3

- ion, along with
several ionic side products.14 As discussed in previous re-
ports,1,15,16the F2-induced desilylations are believed to involve
electron transfer from the silylated carbanion intermediates to
F2 (EA ) 3.01( 0.07 eV17) within the initial collision complex,
followed by desilylation of the resulting (bi)radical by either
F2-• or F-. The regiospecificity of this synthetic procedure was
demonstrated previously by the formation ofm- andp-benzyne
anions as distinct, non-interconverting species.1,16

Ion 1 is, predictably, the least stable of three possible cyclic
C6H3

- isomers. The properties and reactivity of the 2,3-
dehydrophenyl anion,3, formed by collision-induced dissocia-
tion of o-fluorophenide, have been described by Gronert and
DePuy.18 This ion can also be formed as a side product of the
reaction between F2 andm-(trimethylsilyl)phenyl anion.1,16The
3,4-dehydrophenyl anion is unknown; in fact this ion may be
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unstable with respect to ring opening.19 The reactivity of1
clearly distinguishes it from3. For instance,1 undergoes
sequential addition of up to three NO molecules (eq 1), whereas

ion 3 reacts mainly by associative electron detachment (signal
loss) and produces only traces of a single NO addition product.
For comparison,m- and p-benzyne anions exhibit sequential
addition of two NO molecules, while theo-isomer and phenyl
anion react with NO mainly by associative detachment.1,16 Ion
1 undergoes a single H/D exchange with D2O and ND3, while
3 does not react at all with these reagents (∆Hacid[o-benzyne,
C-3] ) 382 kcal/mol18). The occurrence of only a single
exchange by1 is taken as evidence for its acid-catalyzed
isomerization to the more stable 2,3-dehydrophenyl anion
isomer,3, (eq 2). This can occur by D+ transfer from D2O or

ND3 to the phenyl anion site of1 within the initial collision
complex, followed by reabstraction of H+ from the strongly
acidic 2-position of the nascentm-benzyne (∆Hacid[m-benzyne,
C-2] ) 366 kcal/mol20).
Radical-type reactivity for1 could be construed as evidence

for a triplet state.21 However, as was observed previously with
m- andp-benzyne anions,1,16 the strongly basic and nucleophilic
phenyl anion character of1 dominates its reactivity with typical
“radical-probes” such as dimethyldisulfide,22 allyl iodide,7 and
1,4-cyclohexadiene.23 That is, atom or group abstractions
characteristic of a radical are not observed in reactions of1
with these reagents: only elimination and proton transfer.
However, the reactivity of certain derivatives of1 provides
indirect indications of the spin state (Scheme 3). For example,
while m- andp-benzyne anions react with CS2 by sequential
abstraction oftwo sulfur atoms,1,16 ion 1 yields only asingle
sulfur abstraction product that does not react further. Moreover,
o-, m-, andp-benzyne anions all undergo addition of CO2 to
yield dehydrobenzoate anions that readily couple with added
NO2 to produce the three isomeric nitrobenzoate derivatives.1,16

In contrast, carboxylation of1 yields a didehydrobenzoate anion
that does not react at allwith either NO2, NO, or any of the
other radical probes mentioned above. The nonreactivity of the
thiophenolate and the benzoate derivatives of1 evinces kinetic

reaction barriers, which is interpreted to mean that them-
benzyne moieties in these ions are in singlet spin-states.21 This,
in turn, suggests (but does not necessarily require) that ion1 is
also a singlet, since the derivatization reactions shown in Scheme
3 are relatively fast, efficient processes that occur without
apparent barriers or dynamical impediments, i.e., they appear
to be spin-conserving reactions.24

The behavior of2 provides an instructive counterpoint. This
ion is formed in abundance from sequential reactions of F- and
F2 with 1,3,5-tris(trimethylsilylmethyl)benzene (Scheme 2).25

All six methylene hydrogens in2 are rapidly exchanged in
reactions with D2O and CH3OD, which indicates that the three
methylene groups are chemically equivalent. Ion2 undergoes
sequential addition of two NO molecules and reacts with O2
by oxidation of two methylene groups to aldehyde groups (eq
3).26 This latter reaction is characteristic of neutral primary alkyl

radicals,27 and it has been observed in our laboratory with several
distonicradical anions possessing primary allylic and benzylic
radical sites.28 Moreover, the CO2 adduct of2 also displays
(bi)radical-type reactivity, i.e., it undergoes sequential addition
of two NO or two NO2 molecules and reacts with O2 by (bis)-
methylene oxidation. The behavior of2 and [2+ CO2] clearly
contrasts that of1 and [1 + CO2], which is interpreted as
evidence for triplet biradical spin states for ion2 and its
carboxylated derivative.21

The above inferences regarding the spin states of1 and2 are
supported byab initio molecular orbital calculations,29 which
find the Jahn-Teller distortedC2V

1A1 state of1 to be lower in
energy than theD3h

3A1′ state and theC2V
3B2 state of2 to be

lower in energy than any of the possible singlet states. Further
details concerning the reactivity, electronic structures, and,
ultimately, the photoelectron spectroscopy of1 and2 will be
published.
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