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For many years it has been known that fully conjugated
monocyclic compounds with 4n = electrons can be difficult to
prepare and highly reactive. It was not until 1965, however, that
Breslow first described some of these species as being antiaromatic,
i.e., molecules which are destabilized by cyclic conjugation.!
Cyclobutadiene? and cyclopentadienyl cation® have been prepared
and characterized, but cyclopropenyl anion, the simplest member
of this family and the archetypical antiaromatic species, has not
been synthesized. Landmark studies by the Breslow group have
been carried out on the kinetic and thermodynamic acidities of
a number of cyclopropenes,* but the reactivity of their conjugate
basesis essentially unknown. Inthis paper wereport the formation
and characterization of the first cyclopropenyl anion using gas-
phase methodology.

Fluorodesilylation of trialkylsilyl derivatives has been shown
to be a powerful method for the regio- and stereospecific
preparation of carbanions in the gas phase.’ 3-Carbomethoxy-
3-(trimethylsilyl)cyclopropene (1), synthesized in two steps
starting from (trimethylsilyl)acetylene and ethyl (trimethylsilyl)-
diazoacetate,b reacts readily with fluoride in our variable
temperature flowing afterglow to afford three products (eq 1).5¢
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The dominant species is the cyclopropenyl anion 2, but small
amounts of the conjugate bases of triafulvenone and 1 are formed
as well. If this reaction is carried out with 1-ds (deuterium at
the vinyl and methyl ester positions), then 2-ds, 3-d|, and 4-d,
are produced. The conjugate bases of 3-carbomethoxycyclo-
propene (vinyl anion), carbomethoxyallene (CH,=C=CHCO,-
Me), and 3-carbomethoxypropyne (HC=CCH,CO,Me) were
also generated and can readily be distinguished from 2 since they
are much less basic and reactive.’
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The proton affinity of 2 was measured by “titration” with a
series of acids of increasing strength. Ethylamine and dimeth-
ylamine (AH,¢q = 399.4 and 396.3 kcal mol-!, respectively) are
not acidic enough to protonate the cyclopropenyl anion, whereas
fluorobenzene, methanol-O-d, and tert-butyl alcohol-O-d (AH i
=387.2,382.5,and 374.6 kcal mol-!, respectively) rapidly transfer
a proton or a deuteron.! Water and deuterium oxide (AH,qq =
390.8 and 392.0 kcal mol-!, respectively) produce only a trace of
hydroxide or deuteroxide, so the bracketed acidity (AH,¢q) of
the conjugate acid of 2 is 391 % 4 kcal mol-!. This value is in
good accord with a calculated result for the formyl derivative,
AH,q =386.7kcal mol-! (MP2/6-31+G(d)//6-31+G(d)), given
that esters are less acidic than aldehydes (the difference between
methyl acetate and acetaldehyde is 6.0 kcal mol-!).8 In a similar
fashion, the acidity of methyl cyclopropanecarboxylate (5) was
measured (AH,.q = 377 £+ 4 keal mol!) and found to be 14 kcal
mol-! more acidic thanits unsaturated derivative.® Consequently,
the reaction shown in eq 2 is endothermic by 14 kcal mol-!. This
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compares quite favorably with an ab initio value of 12.1 kcal
mol-1 (MP2/6-31+G(d)// 6-31+G(d)) for the analogous reaction
involving formyl derivatives. The carbomethoxy-substituted
cyclopropenyl anion (2) is also less stable than its acyclic analog
(CH,=C(CO,Me)CH;) by approximately 14 kcal mol-! (eq
3),!9and thus these classical models indicate that 2 is significantly
destabilized, i.e., antiaromatic.

COMe  COMe COMe 5 Me

HA + . — + 3)

AH = 14 kcal mol’!

3-Carbomethoxycyclopropen-3-yl anion (2) undergoes an acid-
catalyzed isomerization which only is apparent upon reaction
with deuterated reagents. More specifically, D,O, MeOD, and
t-BuOD react with 2 to form their conjugate bases (deuteron
transfer) and a more stable vinyl anion. Two structures, 6 and
7, can be envisioned depending upon the site of protonation in 2
(eq 4). The former species is favored since subsequent addition
of diethylhydroxylamine- O-dleads tothe incorporation of a second
deuterium atom, a result consistent with 6 but not 7.
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Asanticipated, 2 is extremely reactive. Oneinterestingexample
is its reaction with carbon dioxide (eq S). Three products are
formed but the major species is the conjugate base of triafulvenone

(8) Allof the cited acidities come from the following: Lias,S.G.; Bartmess,
J. E.; Liebman, J. F.; Holmes, J. L.; Levin, R. D.; Mallard, W. G. J. Phys.
Chem. Ref. Data 1988, 17, Suppl. 1.

(9) Compound 5 is deprotonated by OH-, MeO-, EtO-, and ¢-BuO-, but
not by F-nor CH,;CN-. The conjugate base of § deprotonates MeOD, EtOD,
t-BuOD, and CH;CN, but not D0, C¢H;sF, nor C¢HsCN.

(10) The acidity of the acyclic ester was not measured, but that of the
corresponding aldehyde (methacrolein) is known (AH,ca = 377 keal mol-1)8
and should be a good model for it.
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(3). This intriguing ion was examined further. It contains one
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deuterium when 2-ds is used as the substrate and loses this label
upon reaction with acetic acid and formic acid, but not 3-chlo-
ropropionic acid. We assign AH,qq = 343 £ 3 kcal mol-! for
triafulvenone (8), which makes it 21 kcal mol-! more acidic than
3-carbomethoxycyclopropene (vinyl position)!! and 40 kcal mol-!
more acidic than cyclopropene.!? This somewhat surprising
acidity enhancement is in excellent accord with a computed value
of AH,;4(8) = 346.8 kcal mol! (MP2/6-31+G(d)//6-31+G-
(d)). From a mechanistic standpoint, we favor an addition—
fragmentation pathway which can be accompanied by a methyl
transfer from one carboxylate to the other over a symmetric cyclic
anhydride intermediate because, when 13CO, is used, the product
contains only 15-20% of the label.

It seems natural to ask what bearing our gas-phase results
have on the prospect of generating a cyclopropenyl anion in
solution. The measured acidity difference between the saturated
and unsaturated cyclopropyl derivatives is 14 kcal mol-!, which
corresponds to 10 pK, units. If we assume that this difference
is the same in solution, then the pK, of 3-carbomethoxycyclo-
propene should be approximately 41-44.13 Consistent with this
estimate, a deuteron is abstracted from dimethyl sulfoxide-ds

(11) Carbomethoxycyclopropene is readily deprotonated by OH-, t-BuQ-,
FCH,CH;0-, and C4HsNH-, but not by CF;CH,0-, ¢-C,H4N-, nor ¢-BuS-.
In the reverse direction deuteron transfer occurs with CF;CH,0D and EtSD,
but proton transfer does not occur with weaker acids such as CsHsNH,; or
FCH;CH,0H. Therefore, AH,ciq = 364 £ 3 kcal mol-!.

(12) McCarthy, R.; Kass, S. R. Unpublished data.
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(pK.(DMSO) = 35) upon reacting 1 with “dry” tetrabutylam-
monium fluoride (eq 6).14 On a few occasions the deuterium
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content in the product was as high as 80-85%, but it is difficult
to consistently achieve this level of incorporation because of
variable amounts of water in the tetrabutylammonium fluoride.
In any case, the fluorodesilylation of an appropriately substituted
cyclopropene may provide a valuable means for preparing
cyclopropenyl anions in condensed media. Experiments to test
this hypothesis are currently being carried out and will be reported
in due course.
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