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GAS-PHASE AMBIDENT REACTIVITY OF CYCLIC ENOLATE
ANIONS
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The gas-phase reactions between cyclic enolate anions and unsaturated perfluorocarbon compounds were studied by
Fourier transform ion cyclotron resonance. A correlation is observed between the experimental electron detachment
threshold energies, the reaction selectivity and the ring size of the cyclic enolate anions. The results suggest that
frontier orbital interactions play an important role in the course of the reactions of cyclic enolate anions, as has been
shown previously for the reactions of acyclic enolate anions. In addition, the reaction selectivity of cyclic enolate
anions may also be influenced by the charge distribution and by transannular interactions. In comparison with the
acyclic enolate anions, the HOMO energy of the small cyclic enolate anions (C4~Cs) has decreased and the carbanion
character has increased, both of which favour reaction via carbon. The medium ring-sized cycloketone enolate anions
behave very similarly to their acyclic analogues, whereas for the larger ring-sized cycloketone enolate anions (Cs—Ciz)
the reaction via the carbon nucleophilic centre gains importance as a result of the stabilization of the HOMO due to

transannular interactions.

INTRODUCTION

Ambident ions can be characterized as ions in which
reactive sites are connected through mesomerism.!?
Among ambident ions, enolate anions occupy a special
position, and considerable efforts have therefore been
made to understand the controlling factors in the
reactions of enolate anions with alkylating agents.!
Coutrolling factors which are not an intrinsic property
of the enolate anion, such as solvent and counterion,
are fully eliminated in the gas phase..Determination of
the reaction selectivity of enolate anions in the gas
phase is therefore an imporiant way to investigate
ambident reactivity as a function of the reactants.

It has been demonstrated that the reaction between
an unsaturated polyfluorocarbon compound and an
enolate anion in the gas phase, proceeding via either
the oxygen or the carbon nucleophilic centre, yields dis-
tinctive iomic products.’~* This consistent reactivity
pattern, together with the earlier results concerning the
reactivity of both carbanions®’ and oxyanions,® '
indicate that the product ion distribution in the reaction
between enolate anions and unsaturated perfluoro-
carbon compounds can be used as a reliable tool to
probe the ambident reactivity of these anions.

The utility of a gas-phase ion—molecule reaction
between an enolate anion and an unsaturated per-
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fluorocarbon compound as a probe to investigate the
intrinsic chemical properties of enolate anions in the gas
phase has been shown recently in an elegant study by
Brickhouse and Sguires.?

In a previous study, we showed that the product dis-
tribution of the reaction between acyclic enolate anions
of the type R{HC=CR,0~ and hexafluoropropene or
hexafluorobenzene in the gas phase reveals the whole
range of ambident reactivity.® It was found that the
reaction selectivity of acyclic enolate anions towards
unsaturated perfluorocarbon compounds in the gas
phase cannot be explained by the charge distribution in
the enolate anion or the overall exothermicity of the
reaction.*? According to the overall exothermicity of
the reaction, predominant or exclusive addition via
the carbon nucleophilic centre is expected,'! but in
many reactions predominant oxygen alkylation was
observed.** The charge distributions in the acetone and
acetaldehyde enolate anions are identical,'*!® but
acetone enolate anion reacts with hexafluorobenzene
predominantly via the carbon nucleophilic centre,
whereas the acetaldehyde enolate anion reacts pre-
dominantly via the oxygen nucleophilic cenire with
hexafluorobenzene.’

There appears to be a correlation between this
reaction selectivity and the experimental electron
detachment threshold (and thus HOMO) energies of the
acyclic enolate anions. It has also been observed that
the reaction selectivity of acyclic ambident enolate
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anions in the gas phase depends on the unsaturated
perfluorocarbon compound which acts as a substrate.’
The nature of this correlation suggests that the reaction
is controlled by specific frontier orbital interactions of
the reactants rather than by the charge distribution in
the enolate anion. The gas-phase reaction between
acyclic enolate anions with a relatively low energetic
(< —1:9eV) HOMO and unsaturated perfluorocarbon
compounds proceeds preferentially via the carbon
nucleophilic centre.” The interaction between the
LUMO of the unsaturated perfluorocarbon compound
and the HOMO of the enolate anion (with the largest
orbital coefficient on the carbon atom) appears to be
energetically most favourable. Acyclic enolate anions
with a relatively high energetic (> —1-7eV) HOMO
react preferentially via the oxygen nucleophilic centre.
The interaction between the LUMO of the unsaturated
perfluorocarbon compound and the HOMO-1 of these
enolate anions (with the largest orbital coefficient on
the oxygen atom) appears to be energetically most
favourable.

In contrast with acyclic enolate anions, not many
studies have been reported on the reactivity of cyclic
enolate anions in the gas phase. A pronounced ring-size
influence on the reactivity was found in the gas-phase
reaction of cyclic enolate anions with 6,6-
dimethylfulvene'®* and hexafluoropropene.* Small
cyclic enolate anions react mainly via the carbon
nucleophilic centre, whereas the larger (C;—Cs) cyclic
enolate anions react preferentially via the oxygen end of
the enolate anion. The selectivity of the reactions was
related with the differences in energies gained on pro-
tonation of the enolate anion on carbon and on oxygen
and hence the difference in the heats of formation of
the keto and enol forms of the neutral carbonyl com-
pounds, AHi.. It is not possible, however, to explain
the influence of the substrate on the reaction selectivity
with this single-parameter model. Unfortunately, too
few experimental data are available to draw any conclu-
sion concerning the influence of the substrate on the
gas-phase reactivity of cyclic enolate anions.

As mentioned above, the gas-phase ambident reac-
tivity of acyclic enolate anions correlates with the exper-
imentally determined electron detachment threshold
energies.’ Larger cyclic enolate anions (Cjo and Ci2)
have electron detachment threshold energies which are
almost identical with those of the small-ring (Cs)
enolate anions. !5 Therefore, the chemical behaviour of
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these enolate anions in the gas phase is expected to be
similar, based on the observed correlation between the
gas-phase reactivity and the electron detachment
threshold for acyclic enolate anions.

The aim of this study was to investigate system-
atically the influence of the substrate and ring size of
the enolate anion on the reaction selectivity for a series
of cyclic enolate anions.

RESULTS

The primary product ion distributions have been deter-
mined for the gas-phase reactions between a series
of cyclic enolate anions 1 and hexafluorobenzene,
hexafluoropropene and octafluorotoluene. Following
the conclusions of earlier work,’™° the yield of
[1+ C.F, — nHF]~ ions represents the relative rate of
the reaction via the carbon nucleophilic centre
[equation (la)], whereas the yield of C/F,-,0” ions
represents the relative rate of the reaction via the
oxygen nucleophilic centre [equation (1b)].

Reaction between cyclic enolate anions and
hexafluoropropene

The observed reactivity of cyclic enolate anions towards
hexafluoropropene under ion cyclotron resonance
(ICR) conditions is analogous to earlier studied
reactions of cyclic enolate anions and hexafluoro-
propene obtained under flowing afterglow (FA) con-
ditions.* Under ICR conditions, primary product ions
of the type [1 + C3Fs — 1HF] ™ show a larger preference
for an additional loss of 1-3 HF molecules than under
FA conditions, where even the adduct [1+ CsFe] ~ is
observed.® Collisional cooling of the intermediate
reaction complexes under FA conditions results partly
in thermalization of the observed reaction complexes.
Under the relatively low-pressure ICR conditions this
cooling does not take place, and the intermediate
reaction complexes therefore have sufficient energy to
overcome the activation barrier for this additional HF
loss.

From the primary product ion distribution, the pro-
portion of the reaction via carbon [equation (1a)] and
oxygen fequation (1b)] have been determined. The
obtained carbon alkylation percentages of 1 are given in
Table 1; earlier obtained results in a flowing afterglow

{1+ CF,-nHF]" + oHF (1a)
0
H_~ 1
QC‘CD + CxFy e
H F
20 R ~c=Cc%
CH,), via CFa0 + (_( (1b)
'l CHZ m
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Table 1. Percentage carbon alkylation of cyclic enolate anions in the
reaction with unsaturated perfluorocarbon compounds

Electron
Enolate anions detachment
from CsFs? CeFs  CeFsCFy;  threshold® (eV)
cyclobutanone 100(96) 100 100 1-84 = 0:07
cyclopentanone 100(95) 100 100 1-62 + 0-06
cyclohexanone 87(73) 98 100 1-55 £ 0-05
cycloheptanone 2(13) 77 87 1-48 + 0-04
cyclooctanone 9(18) 61 71 1:63 +0-06
cyclononanone 26(24) 65 76 1-69 £ 0-06
cyclodecanone 63 66 92 1-83 +0-07
cyclododecanone 68 66 93 1-90 = 0-07

?Values in parentheses taken from a flowing afterglow study; see Ref. 4.

“Taken from Ref. 12.

apparatus, taken from the literature,* are included in
parentheses.

Reaction between cyclic enolate anions and
hexafluorobenzene

The obtained carbon alkylation percentages of 1 are
summarized in Table 1. Carbon alkylation of all the
studied cyclic enolate anions yielded exclusively the
product ion [1+ CsFe¢— 2HF] ™, except for carbon
alkylation of the cyclobutanone enolate anion. In the
reaction of the cyclobutanone enolate anion with hexa-
fluorobenzene, 67% of the product ions are observed to
be [1+ C¢F¢ — IHF] ™. The behaviour of this reaction
system can be associated with the unfavourable ener-
getics of additional loss of HF molecules from their
carbon alkylation product ion (2) which will result in a
significant increase of the ring-strain in this product
ion.

—_
\_/

In the reaction of the cycloheptanone enolate anion
with hexafluorobenzene, 16% of the product ions are
observed to be the uncommon C¢FsO™ - HF ions. This
product ion is associated with reaction via the oxygen
nucleophilic centre of the enolate anion.

Reaction between cyclic enolate anions and
octafluorotoluene

The primary product ion distributions in the gas-phase
reactions between a series of cyclic enolate anions and

octafluorotoluene were determined. Carbon alkylation
of all the studied cyclic enolate anions yielded exclu-
sively the product ion (1 + C,Fs—2HF] 7, except for
carbon alkylation of the cyclobutanone enolate anion
where, again owing to the unfavourable energetics (see
above), 53% of the reaction via the carbon nucleophilic
centre yielded {1+ C-Fs— IHF] ™~ product ions. The
obtained carbon alkylation percentages of 1 are
summarized in Table 1.

DISCUSSION

From the results in Table 1, it follows that cyclic
enolate anions display an ambident chemical behaviour,
which appears to be a function of the enolate ring size.
Further, the reaction selectivity clearly depends on the
nature of the substrate molecule. The cyclic enolate
anions show a reaction selectivity shifted towards more
carbon alkylation in the reaction with hexafluoro-
benzene relative to the reaction with hexafluoropro-
pene. This is in agreement with the previously obtained
reaction selectivity of acyclic enolate anions.’ The
reaction selectivity of the cyclic enolate anions is shifted
even more towards carbon alkylation in the reaction
with octafluorotoluene. Clearly, the ambident chemical
behaviour of the cyclic enolate anions is not determined
by the nature of the anions alone.

In our previous study, it was shown that the ambi-
dent chemical behaviour of acyclic enolate ions in the
gas-phase reactions with hexafluoropropene and hexa-
fluorobenzene can be rationalized with a simple MO
model® in which specific frontier orbital interactions
determine the competition between reaction via the
oxygen or carbon end of the enolate anions. In this
model, reaction via oxygen takes place if the orbital
interaction between the HOMO-1 of the enolate anion
(with the largest orbital coefficient on the more elec-
tronegative oxygen atom) and the LUMO of the
unsaturated perfluorocarbon compound is energetically
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more favourable than the interaction between the
HOMO of the enolate anion (with the largest orbital
coefficient on the carbon atom) and the LUMO of the
unsaturated perfluorocarbon compound. Similarly, the
reaction proceeds dominantly via carbon if the orbital
interaction between the HOMO of the enolate anion
and the LUMO of the unsaturated perfluorocarbon
compound is energetically more favourable than the
interaction between the HOMO-1 of the enolate anion
and the LUMO of the unsaturated perfluorocarbon
compound.

With this simple model, the trend observed in this
work of increasing preference for carbon alkylation in
the series hexafluoropropene, hexafluorobenzene and
octafluorotoluene may be rationalized in terms of the
energy differences between the LUMOs of these
unsaturated perfluorocarbon compounds. According to
the calculated LUMO energies of hexafluoropropene
(—4-53¢eV) and hexafluorobenzene (—4-83eV),” a
larger preference for carbon alkylation of hexafluoro-
propene in comparison with hexafluorobenzene is to be
expected. However, on formation of the encounter
complex the LUMO of the unsaturated perfluocarbon
compound is expected to rise in energy owing to
Coulombic interactions with the enolate anion. Further,
in this simple model repulsive interactions between
filled orbital of the enolate anion and the unsaturated
perfluorocarbon compound are not taken into account.
Both repulsive and Coulombic interactions have a
larger influence on the LUMO energy of the
unsaturated perfluorocarbon compound than on the
HOMO energy of the enolate anion. If these inter-
actions are taken into account, the relative LUMO
energies of hexafluorobenzene and hexafluoropropene
may be inverted.

As mentioned above, the results in Table I show that
the reaction selectivity is also a function of the enolate
anijon ring size, which may be rationalized in terms of
a varying HOMO energy within the series of cyclic
enolate anions.

According to Koopman’s theorem, the wavelength
threshold for photodetachment of an electron is a
measure for the energy of the HOMO, Eyomo, of the
enolate anion. For the cyclic enolate anions studied,
this experiment wavelength threshold, Ej,, has been
reported*® and the values are included in Table 1. In
order to reveal the importance of HOMO-LUMO
interaction, the individual HOMO energies of the
enolate anions (Euomo = — En,) have been correlated
with the selectivity of the addition reactions.

In Figure 1, the HOMO energies of the enolate
anions from the cyclic and corresponding acyclic
ketones are plotted against the number of enolate anion
carbon atoms. Not all the electron detachment
threshold energies of the acyclic enolate anions are
known. The electron detachment threshold energies of
the acyclic enolate anions of hexanone, octanone,
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Figure 1. HOMO energies of enolate anions from (LJ) cyclic
and (®) acyclic ketones as a function of the number of carbon
atoms. Drawn lines are to guide the eyes

decanone and dodecanone are taken to be identical with
those of heptan-4-one. This seems justified, based on
the observation that the electron detachment threshold
energies of larger acyclic alkoxides are, within exper-
imental uncertainty, independent of the alkyl chain
length. '®

In Figure 2, the selectivity of the reaction between the
enolate anions from the cyclic and corresponding
acyclic ketones (results for the acyclic ketones are taken
from our previous study’) with hexafluoropropene are
plotted against the number of enolate anion carbon
atoms. The results show that small-sized (C4—Cs) and
large-sized (Co—Ci2) cyclic enolate anions preferentially
react via carbon, whereas medium-sized (C,—Cs) cyclic
enolate anions react preferentially via the oxygen
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Figure 2. Selectivity of the reaction between ([J) cyclic and

(*) acyclic enolate anions and hexafluoropropene as a function

of the number of carbon atoms. Drawn lines are to guide the
eyes
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nucleophilic centre. This trend has also been reported
for addition reactions of cyclic enolate anions in the
condensed phase.'” The observed reactivity pattern as a
function of ring size qualitatively follows the HOMO
energy pattern of the cyclic enolate anions shown in
Figure 1, which clearly demonstrates that specific fron-
tier orbital interactions play a leading role in the course
of the enolate anion reaction.

According to perturbation theory, stabilization of the
reaction transition state depends on both the energy gap
between the interacting orbitals and the local overlap of
these orbitals between the interacting atoms. Because of
the lack of geometrical constraints it is expected that the
w-electron distribution within a series of acyclic enolate
anions does not differ significantly. This implies that
the energy gap between the interacting orbitals in the
reactions with acyclic enolate anions is dominant. This,
however, may be a false assumption for the cyclic
enolate anions.

The results in Figure 1 show that the energy of the
HOMO of cyclobutanone enolate anions (C4) is about
0-2 eV lower relative to the corresponding butanone
enolate anions. The energy gap between the HOMO of
the enolate anion and LUMO of the unsaturated per-
fluorocarbon compound decreases. On the basis of this
it can be expected that relative to butanone enolate
anions, cyclobutanone enolate anions show a larger
preference for addition via the carbon nucleophilic
centre.® This is confirmed by the experimental results in
Figure 2. The decrease in HOMO energy of the cyclobu-
tanone enolate anion in comparison with the acyclic
butanone enolate anion can be associated with an
increase in the s-orbital character of the C—H bonds in
the rigid cyclobutanone enolate anions as a result of
which the carbon atom becomes more electronegative,
which will increase the n-electron density on carbon in
the enolate anion in comparison with an acyclic enolate
anion, where the w-electron density is mainly localized
on the oxygen atom.'?'>'® On the other hand, con-
jugation with the carbonyl group in the enolate anion is
expected to be hindered by the increase in ring strain in
the cyclic enolate anion, which will compensate the
HOMO energy gain to a certain extent. Both the
increase in electronegativity of the carbon and the hin-
dered w-conjugation result in an increase in the electron
spin density on the carbon atom, giving this enolate
anion a typical carbanion character, which is in agree-
ment with the observation that this enolate anion reacts
exclusively with the unsaturated perfluorocarbon com-
pounds via carbon. Therefore, the increased preference
for reaction via the carbon nucleophilic centre of the
cyclobutanone enolate anion compared with the
butanone enolate anion can be rationalized by both the
lowering of the HOMO energy and the enhanced
electron density on the carbon atom.

The HOMO energies of cyclopentanone and pen-
tanone enolate anions (Cs) are very close (see Figure 1).

For both cyclic and acyclic enolate anions the reaction
channels via the oxygen and carbon nucleophilic centre
are exothermic.'! Reaction via the carbon nucleophilic
centre is thermodynamically most favourable in both
cases. ! In spite of this, the ambident chemical behav-
iour of these corresponding enolate anions is not
similar, as shown for the reactions towards hexafluoro-
propene in Figure 2, which show a shift from about
15% to 100% carbon alkylation on going from the
pentanone to the cyclopentanone enolate anions. The
different chemical behaviour of cyclic and acyclic pen-
tanone enolate anions may be caused by different
charge distributions in the enolate anions due to the
ring strain in the cyclic enolate anion.

For the cyclobutanone enolate anion it was suggested
(see above) that lowering of the HOMO energy is due
to an increase in the electronegativity of the carbon
atom, giving this enolate anion a carbanion character.
The HOMO energies of cyclopentanone and pentanone
enolate anions (Cs), however, are very close (see Figure
1). Apparently, the lowering of the HOMO energy due
to an increase in the electronegativity of the carbon
atom bearing the charge is cancelled by the destabiliza-
tion due to the hindered w-conjugation with the car-
bonyl group in the ring-strained cyclopentanone enolate
anion, as a result of which this enolate anion has more
carbanion character than the corresponding enolate
anion from pentanone.

For the cyclohexanone enolate anions (Cs), the
HOMO energy has increased relative to the HOMO
energy of the corresponding hexanone enolate anions
(see Figure 1). Apparently, the energy gain due to the
increase in the electronegativity of the carbon atom
bearing the charge is negligible relative to the destabil-
ization due to the hindered w-conjugation with the car-
bony!l group in this larger cyclic enolate anion. This
hindered w-conjugation is probably responsible for the
increase in the carbanion character of this cyclic enolate
anion relative to the corresponding acyclic enolate
anion. Therefore, in spite of the higher HOMO energy,
the proportion of C-alkylation has increased to 87%,
relative to the 14% which is associated with the enolate
anion from hexanone (see Figure 2).

For the cycloheptanone enolate anion (C-;), the
HOMO energy has further increased relative to the
HOMO energy of the corresponding heptanone enolate
anions (see Figure 1). Consequently, the proportion of
C-alkylation has decreased to 2% relative to the 13%
which is associated with the enolate anion from hep-
tanone (see Figure 2). Evidently, the w-electron distri-
bution in this medium ring-sized enolate anion is similar
to that in the corresponding acyclic enolate anion.

For the larger cyclic enolate anions the HOMO
becomes increasingly stabilized with respect to the
HOMO of the corresponding acyclic enolate anions.
This relative stabilization is probably due to trans-
annular interactions. A transannular interaction is,



GAS-PHASE AMBIDENT REACTIVITY OF CYCLIC ENOLATE ANIONS 781

based on the experimental data for the neutral cyclic
ketones!? and bifunctional cyclic ketones,?®~?? only to
be expected for the larger (Cs—C;2) cyclic enolate
anions. Recently, transannular interactions have been
shown to influence the fragmentation process of posi-
tive ions which are formed via acetone chemical ioniza-
tion of the series cycl0heptene~cycloundecene.23

In the condensed phase, the experimentally deter-
mined content of the enol tautomer of cyclooctanone is
ten times higher than that for octan-2-one and almost
twenty times higher than for cycloheptanone. !*2* This
phenomenon has been explained with a transannular
x-complex. '* Spectroscopic evidence for transannular
interaction in large (Cs—C;0) neutral bifunctional cyclic
ketones has been obtained from *C and 'O
NMR,%~22 x ray crystallography?' and photoelectron
spectroscopy. 2

A transannular interaction between the negatively
charged enolate group and a hydrogen of one of the
methylene groups is expected to stabilize the cyclic
enolate anion more than the corresponding enolate
radical, as a consequence of which the HOMO energy
decreases (see Figure 1). Consequently, as expected, the
proportion of C-alkylation increases from 2% for the
cycloheptanone enolate anion (C,) up to about 60% for
the enolate anions from cyclodecanone (Cyo) and cyclo-
dodecanone (C,z) (see Table 1 and Figure 2).

The observed intrinsic gas-phase reactivity of the
enolate anions from cyclic ketones is also manifested in
the condensed phase, where it was shown that the
kinetic acidity of cyclic ketones in solution?® follows the
same order as the electron detachment thresholds and
thus the HOMO energy of the cyclic enolate anions in
the gas phase.'® Small (C4—Cs) and large (Cs—Ci2)
cyclic ketones are more acidic in solution than medium-
sized cyclic ketones.

The question arises of how important frontier orbital
interactions are in general for gas-phase reactions of
enolate anions, e.g. in -the reactions with simple
alkylating reagents, such as RX. Unfortunately, very
limited experimental data are available, because substi-
tution via the carbon and oxygen nucleophilic centre of
the enolate anions both results in the ionic product, X™.
In fact, only for the reaction between the enolate anion
of cyclohexanone and CH3Br has it been established
from the analysis of the neutral products that exclusive
O-alkylation occurs in the gas phase.?® This is in con-
trast with the reactions towards perfluorocarbon com-
pounds in which the enolate anion from cyclohexanone
strongly favours addition via carbon.*

It may be evident that the energy gained in these spe-
cific frontier orbital interactions can only compete with
the energy gained in the assumed strongly electrostatic
interactions if the energy gap between the frontier
orbital of the two reactants is small. Moreover, the
overlap of the HOMO of the enolate anion and the
LUMO of the substrate is an important parameter.

For the reactions between the enolate anions and
unsaturated perfluorocarbon compounds both the
HOMO of the enolate anions and the LUMO of the
unsaturated perfluorocarbon compounds are of the «
type, which allows a favourable overlap, eventually
resulting in the formation of a ¢ complex. For the
reactions between the enolate anions and RX, the
w-type HOMO has to overlap with the ¢*-type LUMO
of RX, which may be less favourable, and which
synchronously results in R—X bond cleavage. There-
fore, even if the energy of the HOMO and LUMO are
close, it is difficult to predict if the frontier orbital inter-
actions are still stronger than the electrostatic
interactions.

The LUMO energy of CH;3Br is not known but for
this discussion can roughly be estimated by E¢ - %
— Eionization=6-1 (204 nm)*’ —10-5'%= —4-4eV,
which is surprisingly close to the calculated LUMO
energy of hexafluoropropene of —4:53 e¢V.*> Hence it
may be expected that the reaction with CH;Br would
show similar ambident behaviour to the reaction with
hexafluoropropene, which is in contrast with the exper-
imental findings. Evidently, owing to the poor frontier
orbital overlap in the reaction with CH;Br, the electro-
static interactions are dominant and favour reaction via
oxygen.

CONCLUSIONS

Cyclic enolate anions exhibit an ambident chemical
behaviour in their reactions with hexafluoropropene,
hexafluorobenzene and octafluorotoluene. It appears
that frontier orbital interactions play an important role
in the course of the reactions of both acyclic and cyclic
enolate anions. The reaction selectivity of cyclic enolate
anions also may be influenced by the charge distri-
butions and transannular interactions in the cyclic
enolate anions. In comparison with the acyclic enolate
anions, the HOMO energy of the small cyclic enolate
anions {(C;~Cs) has decreased and the carbanion
character has increased, both of which favours reaction
via carbon. The medium ring-sized cycloketone enolate
anions behave very similarly to their acyclic analogues,
whereas for the larger ring-sized cycloketone enolate
anions (Cs—Ci2) the reaction via the carbon
nucleophilic centre gains importance as a result of the
stabilization of the HOMO due to transannular
interaction.

EXPERIMENTAL

Experiments were carrried with a Fourier transform ion
cyclotron resonance (FT-ICR) mass spectrometer built
at the University of Amsterdam and equipped with a
Bruker 1-4 T electromagnet and a 1 x1x1in cell
Details of the instrument and general operating and
experimental procedures have been described pre-
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viously.?® Enolate anions were generated via proton
abstraction from the corresponding cyclic ketones using
primarily generated amide as the base.

The total pressure was kept typically at ca 8 x 107°
Pa. The temperature of the FT-ICR cell was ca 330 K
as measured by a thermocouple on the trapping plate
opposite to the filament. The segmented Fourier trans-
form (SEFT) procedure,?’ developed in our laboratory,
was used to determine relative ion abundances with an
accuracy of better than 1%.

Materials. All chemicals employed were commer-
cially available and were used without further purifica-
tion. They were purchased from Aldrich (Brussels,
Belgium), except for ammonia (Hoek Loos, Schiedam,
The Netherlands) and cyclopentanone (Merck,
Amsterdam, The Netherlands).
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