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Abstract: In the gas phasen and p-dehydrobenzoyl cations display strong duality of chemical behavior.
The ions react selectively as either free radicals or acylium ions, depending on the choice of the neutral reaction
partner. Transacetalization with 2-methyl-1,3-dioxolane, ketalization with 2-methoxyethanol, and epoxide ring
expansion with epichlorohydrin demonstrate their acylium ion reactivity, whe®@bks abstraction with
dimethyl disulfide demonstrates their free radical reactivity. In one-pot reactions with gaseous mixtures of
epichlorohydrin and dimethyl disulfide, te- andp-dehydrobenzoyl cations react selectively at either site to
form the two monoderivatized ions in variable but controlled yields; further reaction at either the remaining
radical or the acylium charge site forms a single biderivatized ion as the final product-déte/drobenzoyl

cation also displays the expected radical and acylium ion reactivities. But fortti@isomer, binding of the
nucleophilic neutral to the free or derivatized=€0 group facilitates reactions at the radical site. Hence, the
ortho isomer displays a unique behavior; its acylium ion reactions either occur simultaneously with, or are
followed by, H-abstraction radical reactions. As shown by ab initio calculations, the three isomers display
o-localized odd-spin ang-delocalized charge densities, which characterize distonic structures with molecular
orbital-separated radical and charge sites. The dehydrobenzoyl cations are also, according to the calculations,
the most stable among 19 of the most feasibjel£O"* isomers.

Introduction spectrometric manipulation. Phenyl radicals with coordinatively
saturated charged substituents have been shown to be best
models for charged radicalsllowing investigations in the gas-
phase MS enviroment of the intrinsic chemical behavior of free
radicals. Effective separation of the radical and charge sites
by the rigid phenyl ring prevents the neutral reagent from
binding—and eventually reactingat the charge site; hence, the
ions display typical radical reactiods.

While distonic ions with coordinatively saturated and chemi-
cally inert charge sites allow one to explore separately free
radical reactivity, even more chemically attractive distonic ions
and chemically inert charge sites have been tested as rﬁodelswoqld provide access to bOth freg fﬁ!dica' and iqn reaptivity in

a single molecule. For a distonic ion to provide this dual,

for, and have shown properthesf, charged radicals. In such - - . X .
. . . ) » noninterfering chemical behavior, the ion must bear formally
species, the charge site serves just as a “handle” for mass - . A
separated and reactive radical and charge sites; a rigid spacer
(1) (a) Yates, B. F.; Bouma, W. J.; Radom,L.Am. Chem. S0d.984 such as the phenyl ring or other locked molecular framework
106, 5805. (b) Radom, L.; Bouma, W. J.; Nobes, R.Rdire Appl. Chem. would also be required
1984 56, 1831. (c) Yates, B. F.; Bouma, W. J.; Radom,Tletrahedron d )

Distonic radical catioris-chemically fascinating ionic species
display two potentially reactive sites: a radical and a positive
charge sites formally located, in a conventional valence bond
description, at different atoms or group of atoms. Because of
this unique, unconventional electronic structure, the chemical
behavior of distonic ions may be driven by either the radical or
the positive charge site, or by both. Most reactions so far
reported for distonic ions are, however, of the radical type, the
charge site playing a subsidiary rélé.

Distonic radical cations with chemically reactive free radicals

1986 42 6225, Sound candidates for distonic ions with such dual chemical
(2) (2) Hammerum, SVass Spectrom. Re1988 7, 123. (b) Bouchoux, behavior are charged phenyl radicals with coordinatively
(KB. l\}/lasstt__Spectraml. (ngﬁlgsaR?, 21%%2((3282?49'(. M.; Kiminkinen, M. L. unsaturated, thus potentially reactive, charged substituents.

., Kenttamaa, H. |. em. Re. " . : H H : : ;

(3) (a) Bouma, W. J.. MacLeod. J. K. Radom,Ady. Mass Spectrom. Acylium ions, important reactive carbocatlops in the condengegl
198Q 8A, 178. (b) Miller, D. L.; Gross, M. LOrg. Mass Spectrom.983 phasé are stable, easily accessible, and of rich and characteristic
18, 239. (c) Stirk, K. G.; Kentaa, H. I.J. Am. Chem. S0od.991 113 reactivity’ 1% in the gas phase. Considering, therefore, both the
5880. (d) Rusli, R. D.; Schwarz, HChem. Ber.199Q 123 535. (e)

Mourgues, P.; Audier, H. E.; Leblanc, D.; Hammerum, &xg. Mass (4) (a) Stirk, K. M.; Smith, R. L.; Orlowski, J. C.; Kent@aa, H. |.Rapid
Spectrom.1993 28, 1098. (f) van Amsterdam, M. W.; Staneke, P. O.; Commun. Mass Spectrot993 7, 392. (b) Chyall, L. J.; Kenttaaa, H. I.
Ingemann, S.; Nibbering, N. M. MOrg. Mass Spectroni993 28, 919. J. Am. Chem. S0d.994 116, 3135. (c) Smith, R. L.; Kenttaaa, H. I.J.
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characteristic chemistry of gaseous acylium ions and the interestmass spectrometét. The instrument, denotedi@QsaQs, is composed

in distonic ions with dual free radical and ion chemical
reactivities, isomeric dehydrobenzoyl catiords,€), in which

the radical and acylium charge sites are formally located in
“electronically isolated’o- and w-molecular orbitals, are at-
tractive candidates.

o
+

1a 1b 1c

of a sequential arrangement of three mass-analyzing (Q1, Q3, Q5) and
two “rf-only” ion-focusing reaction quadrupoles (g2, g4). The reactant
ions were formed by 70-eV electron ionization (El) of eithér, 3'-,

or 4-nitroacethophenone or phthalic anhydride. In the 2M&/
molecule reactions, Q1 was used to mass-select the ion of interest. The
neutral reagent was then added tg gnd reactions occurred at
translational energies near 0 eV, as calculated fronmiz&9:41 ratio

in neutral ethylene/ionized ethylene reactidhsProduct ion spectra
were acquired by scanning Q5, while operating Q3 in the broad band
rf-only mode. The target gas pressures in g2 caused typical beam
attenuations of 5070%, viz., multiple collision conditions were used,
which increases reaction yields while promoting collisional quenching
of both the reactant and product io¥is.Lower reaction yields but
similar sets of ionic products were also observed at lower pressure,

Novel gas-phase reactions have been proposed as generai"d/e-collision conditions in g2.

methods for the characterization of both distonic radicdland
acylium ions?> ! Driven by their highly odd-spin populated
radical sites, distonic ions abstrac8CH; from dimethyl
disulfide!? and*SeCH from dimethyl diselenidé3 Likewise,
acylium ions react generally with cyclic acetals and ketals by
transacetalizatioP by direct ketalization with diols and ana-
logues!® and by ring expansion with epoxidés.

For the MS experimentd/ Q3 was used to mass-select the product
ion of interest for further 15-eV collision dissociation with argon in
g4, while scanning Q5 to record the spectrum. The 15-eV collision
energy was calculated as the voltage difference between the ion source
and the collision quadrupoles. The indicated pressures in each
differentially pumped region were typically 2 106 (ion-source), 8
x 1078 (g2), and 8x 107° (q4) Torr, respectively.

Ab initio molecular orbital calculations were run on Gaussiat¥o4.

We report here a study aimed at investigating whether gaseousThe geometries afa—c were fully optimized at the ROHF/6-33#G-

o-, m, andp-dehydrobenzoyl catiortsa—c display the expected
dual chemical behavior. Free radical reactivity was tested via
*SCH; abstractions with dimethyl disulfide, and acylium ion
reactivity via three characteristic reactions: transacetalization
with 2-methyl-1,3-dioxolane, ketalization with 2-methoxyetha-
nol, and epoxide ring expansion with epichlorohydrin. Ab initio
calculations predict the electronic structures and relative stabili-
ties of the ions of interest, and are used to compare them with
other GH4O™ isomers.

Methods

(d,p) level of theory,? whereas improved energies were obtained by
single—point calculations at the ROMP%26-3114-G (2df,2p)//ROHF/
6-311+G(d,p) level. ROMP2/6-311G(d,p)//ROHF/6-31G(d,p) calcula-
tions provided the relative energies of theHgO™ isomersl—17.

Results and Discussion

Dissociation Behavior. The isomeric 2, 3-, and 4-
nitroacetophenones were first selected as potential precursors
of the dehydrobenzoyl catiorka—c. Dissociative 70-eV El
of the nitroacetophenones would proddee-c if dissociations
follow the direct cleavages summarized in Scheme 1.

The gaseous ions were produced, reacted, and their products analyzed

via double- (MS) and triple-stage (M$ mass spectrometric experi-
ment$* performed with an Extrel (Pittsburgh, PA) pentaquadrupole

(6) Olah, G. A.; Gramain, A.; White, A. M. II€arbonium lonsOlah,

G. A, Schleyer, P. v. R., Eds.; Wiley: New York, 1976; Vol. 5, Chapter
35.

(7) (a) Chatfield, D. A.; Bursey, M. MJ. Am. Chem. Sod. 976 98,
6492. (b) Staley, R. H.; Wieting, R. D.; Beauchamp, JJLAm. Chem.
Soc.1977, 99, 5964. (c) Sparapani, C.; Speranza, MAAm. Chem. Soc.
198Q 102 3120. (d) Kim, J. K.; Caserio, M. Q. Am. Chem. S0d.982
104, 4624. (e) AttinaM.; Cacace, FJ. Am. Chem. S0d.983 105, 1122.

(f) Paradisi, C.; Kenttmaa, H. I.; Le, Q. T.; Caserio, M. @rg. Mass
Spectrom1988 23, 521. (g) Kotiaho, T.; Eberlin, M. N.; Shay, B. J.; Cooks,
R. G.J. Am. Chem. S0d.993 115 1004. (h) Creaser, C. S.; Williamson,
B. L. J. Chem. Soc., Perkin Trans.1®96 427.

(8) (a) Eberlin, M. N.; Majumdar, T. K.; Cooks, R. @. Am. Chem.
S0c.1992 114, 2884. (b) Eberlin, M. N.; Cooks, R. G. Am. Chem. Soc.
1993 115 9226.

(9) (a) Eberlin, M. N.; Cooks, R. GOrg. Mass Spectroml993 28,
679. (b) Gozzo, F. C.; Sorrilha, A. E. P. M.; Eberlin, M. N.Chem. Soc.,
Perkin Trans. 21996 587. (c) Moraes, L. A. B.; Gozzo, F. C.; Eberlin, M.
N., Vainiotalo, P.J. Org. Chem.1997 62, 5096. (d) Moraes, L. A. B.;
Eberlin, M. N.J. Chem. Soc., Perkin Trans.1®97 2105. (e) Carvalho,
M. C.; Moraes, L. A. B.; Kascheres, C.; Eberlin, M. 8l.Mass Spectrom.
1997, 32, 1137. (f) Carvalho, M. C.; Juliano, V. F.; Kascheres, C.; Eberlin,
M. N. J. Chem. Soc., Perkin Trans1897 2347 (g) Carvalho, M.; Gozzo,
F. C.; Mendes, M. A.; Sparrapan, R.; Kascheres, C.; Eberlin, MCiem.
Eur. J.1998 4, 1161.

(10) (a) Moraes, L. A. B.; Pimpim, R. S.; Eberlin, M. N.. Org. Chem.
1996 61, 8726. (b) Augusti, R.; Gozzo, F. C.; Moraes, L. A. B.; Sparrapan,
R.; Eberlin, M. N.J. Org. Chem1998 63, 4889.

(11) Moraes, L. A. B.; Eberlin, M. NJ. Org. Chem.Submitted for
publication.

(12) stirk, K. M.; Orlowski, J. C.; Leeck, D. T.; Kentt@aa, H. 1.J. Am.
Chem. Soc1992 114, 8604.

(13) Beasley, B. J.; Smith, R.; Heittaa, H. 1.J. Mass Spectromi.995
30, 384.
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Figure 1 compares the low-energy (15 eV) MSllision-
induced dissociation (CID) spectra of th#z 104 ions isolated
after ionization of the isomeric nitroacetophenones. The ions
thought to belb (Figure 1b) andLc (Figure 1c) lose consecu-
tively neutral molecules of 2&{z 76) and 26 ufyz 50), i.e.,
most likely CO and @H,. As rationalized forlcin Scheme 2,
the dehydrobenzoyl cation structurdd and 1c account
satisfactorily for such dissociation behavior.

(15) Juliano, V. F.; Gozzo, F. C.; Eberlin, M. N.; Kascheres, C.; Lago,
C. L. Anal. Chem1996 68, 1328.

(16) Tiernan, T. O.; Futrell, J. Hl. Phys. Chem1968 72, 3080.
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199Q 62, 1809.
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V. G,; Ortiz, J. V.; Foresman, J. B.; Peng, C. Y.; Ayala, P. Y.; Chen, W.;
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Figure 1. Double-stage (M3 15-eV CID product spectra of the/z
104 70-eV EI fragment ions of (a) 2-nitro-, (b) 3-nitro-, and (c)
4-nitroacetophenone and (d) phthalic anhydride. Note in speetth b
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Figure 2. Double-stage (M3 product spectra for reaction with
dimethyl disulfide of the putative ions (&}, (b) 1b, (c) 1c, and (d) an
isomeric GH,O™ ion. Note in spectra-ac the majorSCH; abstraction

identical dissociation behaviors that characterize the dehydrobenzoylproduct ofm/z 151, and in spectrum a the dominance of the charge-
cations, and in spectrum a the contrasting dissociation behavior thattransfer product ofrvz 94.

suggests an isomeric structure. In the terminology used to describe MS

experiments and scan modes, a filled circle represents a fixed (orof 1la This finding suggests also that-@itroacetophenone
selected) mass and an open circle a variable (or scanned) mass, wheregerms notla but an isomeric gH,0™ (Figure 1a).

the neutral reagent or collision gas that causes the mass transitions are Free Radical Reactivity: *SCHs Abstraction. Figure 2
shown between the circles. For more details on this terminology, see compares the double-stage (Riproduct ion spectra fota—

ref 17.
Scheme 2
o]
+
+
-co -CoHy ..
— ——»  C4Hs
. . m/z 50
ic m/z 76
m/z 104
Scheme 3
o]
+o +
o}
-CO, .
Q —
o 1a
m/z 104

The ion thought to bela (Figure 1la) displays, however,
distinctive CID behavior; it dissociates apparently by two
competitive sequences: H losg/f 103) followed by GH; loss
(m/z 77), and GH; loss (n/z 78) followed by H lossifvz 77).
These findings allow two interpretations: that an isomeric
C;H4O™ ion, not 1a, is formed from 2nitroacetophenone, or
that the dissociation behavior @& is greatly influenced by an
ortho effect.

Phthalic anhydride is also a potential precursot@a{Scheme
3). The CID spectrum of thenw/z 104 ion isolated after

ionization of phthalic anydride was also recorded (Figure 1d).

c/dimethyl disulfide reactions. Th&ndem-in-spacenode of
operation of the QqQqg® permitted reaction conditions to be
kept unchanged when reacting each of the three isomers. The
free radical reactivities ofa (Figure 2a),1b (Figure 2b), and

1c (Figure 1c) with CHSSCH are evident, as they all abstract
*SCH; to form thenvz 151 product ion (Scheme 4, pathway a).
The isomeric (and unknown) 48,0 ion derived from
2'-nitroacetophenone does not display free radical reactivity with
dimethyl disulfide; it reacts predominantly by charge transfer
to yield CHSSCH™ of m/z 94 (Figure 2d). This chemical
behavior provides evidence against a distonic ion struéfure.

CH3SSCH™ of m/z 94 is also formed inla—c/dimethyl
disulfide reactions. It was noted, however, that the use of
slightly higher collision energies increases the relative abun-
dances of both thevz 76 fragment ion and C}$SCH™* (m/z
94), while decreasing correspondingly that of thia 151°SCH;
abstraction product. Further, reactions with dimethyl disulfide
of them/z 76 fragment ions sampled directly from the ion source
form CH;SSCH™ to a great extent (data not shown). These
findings suggest charge transfer from the-c fragment ion
of m/z 76 to be an important pathway to GESCH™.

Acylium lon Reactivity: (i) Transacetalization. Figure
3a—c compares the MSroduct ion spectra fdta—c/2-methyl-
1,3-dioxolane reactions. Characteristic acylium ion behavior
for 1b andl1cis evident as they react promptly via transacetal-
izatior? to afford the cyclic ionic ketals afiVz 148 (Scheme 4,
pathway b). Formal hydriden{z 87) and methyl anion
abstractionsr(Vz 73) yield the two other reaction products. CO
loss (wz 76), which probably displays a relatively low dis-
sociation threshold, also occurs in minor to moderate extents

The ion displays dissociation behavior nearly identical to those (Figure 3). Although very low collision energies (near 1 eV)

of 1b (Figure 1c) and.c (Figure 1d), which suggests formation

are applied for the ion/molecule reactions, dissociation may still
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Figure 3. Double-stage (M3 product spectra for reactions with
2-methyl-1,3-dioxolane of (a)a, (b) 1b, (c) 1c, and (d) an isomeric
C4H-;O** ion. Note the transacetalization/H-abstraction productvaf
149 in spectrum a, the transacetalization produetvaf148 in spectra

b and c, and the dominance of the formal hydride abstraction product

of m/z 87 in spectrum d. In spectra-&, them/z 76 ion corresponds to
CO loss from the reactant ions.

Scheme 4
o]
"
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—>
(b)
o
. CHgoH .
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o)
@] /\
CH,CI
CH,CI

O, 0

.

m/z 196/198

occur, owing to the initial internal energy of the ions and the
high efficiency of translational to internal energy transfer in
quadrupole collision cell&t

The ortho isomer 1a is, however, unique; it reacts with
2-methyl-1,3-dioxolane to yield thevz 149 product (Figure

(21) Douglas, D. JJ. Am. Soc. Mass Spectrod998 9, 101.

J. Am. Chem. Soc., Vol. 120, No. 43, 1998139
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Figure 4. Double-stage (M3 product spectra for reactions with
methoxyethanol of (ala, (b) 1b, and (c)1c. Note in spectrum a the
dominance of the ketalization/H-abstraction produatntf 149 and in
spectra b and c formation of botl¥z 149 and the ketalization product
of m/z 148.

Scheme 5
B/CHG
g
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. E »—CHs p CHo Y CHs
O—> e —_—
m/z 104 l -CH35=O
[\
Os,0
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3a), apparently via simultaneous transacetalization/H-abstraction.
As the use of lower pressures of 2-methyl-1,3-dioxolane was
unsuccessful in detecting amyz 148 reaction intermediate,
the simultaneous transacetalization/H-abstraction mechanism
depicted in Scheme 5 is suggested for direct formationvaf

149 fromla. Note that binding of the nucleophilic 2-methyl-
1,3-dioxolane to the &=0 group facilitates H-abstraction by
the ortho radical site.

Again, the isomeric ¢gH;O"* ion from 2-nitroacetophenone
displays no transacetalization reactivity (Figure 3d), chemical
behavior that eliminates an acylium ion structfire.

(i) Ketalization. Figure 4 compares the product ion spectra
for 1a—c/2-methoxyethanol reactions. Ketalizatfoischeme
3, pathway c) yields thevz 148 product and occurs promptly
for 1b (Figure 4b) andlc (Figure 4c), but awz 149 product
ion is also formed. In thevz 148 ketalization product (Scheme
3, pathway c), the radical site remains active; hence, the ions
further abstract H from 2-methoxyethanol to yield the corre-
sponding closed shell ion afVz 149, i.e., the benzoyl cation
protected in the ketal form. When lower pressures of 2-meth-
oxyethanol are used, the relative abundanae/nfl49 decreases
sharply. As no direct H-abstraction product wfz 105 is
formed, 1b and 1c must display ketalization reactivities with
2-methoxyethanol which are greater than their H-abstraction
reactivities.
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Figure 5. Double-stage (M3 product spectra for reactions with
epichlorohydrin of (a)la, (b) 1b, and (c)1c. Note in spectra b and c
the epoxide ring expansion productrfz 196/198 and in spectrum a
the formation of bothm/z 196/198 and the epoxide ring expansion/H-
abstraction product afvz 197/199.
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The ortho isomerla is again unique; it forms directly the
m/z 149 product (Figure 4a). The ketalization productn@f
148 was not detected, even when using considerably lower
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Figure 6. Double-stage (M3 product spectra for reaction &f with
a gaseous mixture of neutral epichlorohydrin and dimethyl disulfide
performed at (a) lower and (b) higher g2 pressures. Nearly identical
spectra were obtained in reactionsldf. Note in spectrum a the two
intermediate monoderivatized productsmof 151 and 196/198, and
the final biderivatized product afVz 243/245, whereas in spectrum b
the higher g2 pressures, and hence the greater number of reactive
collisions, favor formation of the final biderivatized product fz
243/245.
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pressures of 2-methoxyethanol; hence, simultaneous ketalizationhronounced acylium ion reactivity afa—c, and the unique

H-abstraction facilitated by initial binding to &0 and the
ortho position of the radical site is proposed (Scheme 6).

(i) Epoxide Ring Expansion. Figure 5 compares the
product ion spectra fota—c/epichlorohydrin reactions. Ep-
oxide ring expansion (Scheme 3, pathway d) occurs for the three
isomers, forming the product ion @fVz 196/198 (Figure 5).
Theorthoisomerla (Figure 5c) displays again unique behavior;
its epoxide ring expansion products react further by H-
abstraction to form the chlorine isotopomersmz 197/199.

As the single H-abstraction productmmfz 105 is also observed,
two alternative reaction sequences are equally likely: H-
abstraction followed by epoxide ring expansion, or epoxide ring
expansion followed by H-abstraction. Lower pressures of
epichlorohydrin relatively favor both the/z 105 and 196/198
products. That only thertho isomerla (and its epoxide ring
expansion product) reacts by H-abstraction is rationalized by
the neighboring location of the acylium charge and radical site.
Binding of epichlorohydrin to the free or derivatized-€0
group or formation of loosely =0 bonded ion/neutral
complexes (the solvated ion) would favor H-abstraction by the
ortho radical site. These findings further demonstrate the

proclivity of la to undergo both acylium and radical (H-
abstraction) reactions in either a simultaneous or a stepwise
fashion.

Duality of Chemical Behavior. To test the ions’ ability to
react selectively at either the radical or charge site, and then
react further at the remaining reactive site, one-pot reactions of
1b,c with gaseous mixtures of dimethyl disulfide and epichlo-
rohydrin were performed. Figure 6 exemplifies the spectrum
of 1c, which is nearly identical to that dfb (not shown).

One-pot reactions (Figure 6a) form the three expected
products: the two monoderivatized ionsmfz 151 and 196/
198 and the biderivatized ion ofiz 243/245 (Scheme 7). The
C*=0 group in the epoxide ring expansion productrét 196/
198 is now chemically saturated (protected as a cyclic ionic
ketal)?1%but the radical site remains chemically reactive; hence,
the ion further abstractSCH; from dimethyl disulfide to yield
the biderivatized product afvz 243/245. Similarly, primary
radical reactions with dimethyl disulfide yield th&SCH;
abstraction product, i.e., the even-electron acylium iom&f
151, which reacts further by epoxide ring expansion with
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Figure 7. Triple-stage (M9 sequential product spectra for the product
ions of (a) transacetalization, (b) transacetalization plus H-abstraction,
(c) epoxide ring expansion, (83CH; abstraction, and (e) epoxide ring
expansion plusSCH; abstraction ofL.c. Nearly identical spectra were
obtained for the product ions &b. Note that all four cyclic ionic ketals,
i.e., both the closed-shell and the open-shell dioxolanylium ions,
dissociate, re-forming the reactant acylium ion; t8€H; abstraction
product loses consecutively CO and CS.

epichlorohydrin at the free acylium charge sité=€D, to form
the same biderivatized product wiz 243/245 (Scheme 7).
Yields of the one-pot reaction are easily controlled. When
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Table 1. Total and Relative Energies of the Dehydrobenzoyl
Cations from ab Initio Calculations
ROMP2/6-313G(2df,2p)//  relative

ROHF/6-311-G(d,p)  ROHF/6-311-G(d,p) energy
species (hartrees) (hartrees) (kcal/mol)
la —342.01479 —343.27747 2.0
1b —342.01412 —342.27900 1.0
1c —342.01734 —343.28060 zero

for a benzoyl cation derivativéjt loses CO to form then/z
123 fragment, whereas apparently furthersGHift isomeriza-
tion followed by CS loss forms thevz 79 fragment (Scheme

Ab Initio Calculations. (i) Charge and Odd-Spin Densi-
ties. The dehydrobenzoyl cations’ electronic energies and
charge and odd-spin densities, and those of the benzoyl cation
and the phenyl radical, were estimated by ROMP2/643%1
(2df,2p)//ROHF/6-31%(d,p) ab initio MO calculations. Energy

varying the pressures, i.e., the relative concentration of eachdifferences withinla—c are found to be very small (Table 1),
neutral reagent in the g2 gaseous mixture, the abundance ratigncreasing by only 2.0 kcal/mol when moving from the most

of the two intermediates ofi/z 151 and 196/198 changes

stable {Lc) to the least stable dehydrobenzoyl cation isortey. (

correspondingly; the sequential reactions proceed practically to  Charge and odd-spin densities laf—c parallel those of the

completion under higher neutral reagent pressures (Figure 6b)
Near complete ion convertion to tima/z 243/245 biderivatized
product suggests that, by far, the majority of the reactant ion
population is composed dfb or 1c. As already mentioned,
the minor product ion ofivz 94 (CHSSCH™) likely results
from charge transfer with thevz 76 fragment ion.

Structural Characterization. The product ion structures
were examined via triple-stage (MSCID experiments. Figure
7 collects the most representative spectra. All the cyclic ionic

benzoyl cation and the phenyl radical (Figure 7), respectively;

hence, the three isomeric dehydrobenzoyl cations display
electronic structures characteristic of battocalized phenyl
radicals andr-delocalized aromatic benzoyl cations. From such
electronic structures and by using the usual conventional valence
bond descriptiod;? 1a—c are not properly classified as distonic
ions with spatially separated radical and spin sites. Applying,
however, molecular orbital formalism, thelocalized radical
sites andr-delocalized charge sites b&—c (see representation

ketals (Figure 7ac,e), both the odd- and even-electron ones, below for 1¢) characterize distonic ions not with spatially
display the expected, characteristic dissociation behavior; theyseparated, but witmolecular orbitatseparated radical and spin
re-form exclusively the reactant acylium ion (Schemé-8}. sites.
Just as condensed-phase hydrolysis of neutral acetals and ketals
frees the protected aldehydes or ketotfesp gas-phase CID
of the ionic ketals frees the protected acylium ions.

The*SCH; abstraction product afvz 151 (Figure 7d) displays
a richer and characteristic dissociation behavior. As expected

Although for the three isomers the radical-bearing carbons

(22) Kunz, H. In Comprehensie Organic SynthesisTrost, B. M., ) ' i - T |
display nearly identical spin densities (0-80.82 €), their

Fleming, I., Eds.; Pergamon Press: New York, 1991; Vol. 59, p 659.
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Figure 8. Ab initio ROMP2/6-311G(2df,2p)//6-311#G(d,p) Muliken
charge and odd-spin distributions of the dehydrobenzoyl! cafians

and of the benzoyl cation and the phenyl radical. For simplicity, the
values for the hydrogen atoms were summed into the carbon atoms.

Table 2. Total and Relative Energies of;8,0™ Isomers from ab
Initio Calculations
ROMP2/6-311G(d,p)//  relative
ROHF/6-31G(d,p) ROHF/6-31G(d,p) energy
specied (hartrees) (hartrees) (kcal/mol)
la —341.94552 —343.09340 zero
1b —341.94465 —343.09458 0.8
1c —341.94796 —343.09606 1.7
2 —341.84097 —342.99268 63.2
3 —341.85306 —343.01537 49.0
4 —341.88632 —343.03775 34.9
5 —341.82687 —342.99921 59.1
6 —341.81062 —342.99049 64.6
7 —341.80731 —342.93383 100.1
8 —341.80774 —342.96121 82.9
9 —341.88725 —343.01488 49.3
11 —341.84657 —342.99567 61.3
12 —341.82455 —342.97235 76.0
13 —341.80172 —342.95045 89.7
14 —341.87975 —343.03415 37.2
15 —341.92951 —343.00650 54.5
16 —341.82182 —342.95865 84.6
17 —341.82479 —342.95792 85.0

alon 10is unstable; it ring-closes @®without any appreciable energy
barrier during geometry optimization.

positive charges differ significantly (Figure 8%a, +0.11;1b,
+0.30; andlc, +0.43. Higher electron deficiency at the radical
site of distonic ions has been shown to favor radical reacfiéhs,
and this effect apparently induces the higher relative yields of
the *SCH; abstraction products afvz 151 (Figure 2).

(ii) C7H4O™* Isomers. If one considers that the nascenfz
104 ion from 2-nitroacetophenone (first thought to ha) is
inherently unstable and isomerizes rapidly, there would be no
difficulty in accounting for its contrasting dissociation and
chemical behavior, as the ion may lose its dual acylium ion
and free radical reactivity as the result of isomerization. Further,
a possible instability of such an ion raises also the question of
whetherla—c isomerize to more stable;8,0* isomers, ones
which could also display distonic structures with dual chemical
behavior. Trying to answer these questions, the energies of
la—c and 16 additional conventional and distonigHgO™*
isomers P—17) were evaluated via ROMP2/6-311G(d,p)//
ROHF/6-31G(d,p) ab initio calculations.

Most GH4O™ isomers, exceplO which ring-closes tdd
during geometry optimization, are found to be stable by the
calculations (Table 2). The dehydrobenzoyl catitasc are,

(23) Avila, D. V,; Ingold, K. U.; Lusztyk, J.; Dolbier, W. R., Jr.; Pan,
H.-Q.; Muir, M. J. Am. Chem. S0d.994 116 99.

Moraes and Eberlin
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however, by far the most stable isomers; hence, their isomer-
izations to2—17 are thermodinamically unfavorable in the gas
phase. Isomerizations amor@—c by H ring-walking* are
predicted to be nearly endothermic (within theoretical erros);
hence, they cannot be excluded. However, H-walking in pyridyl
cation rings has been shown by high-accuracy CBS-Q ab initio
calculations to be kinetically hampered by barriers as high as
75 kcal/mol?® further, the observed unique chemistry Tk
proves that it does not easily interconvertlto or 1c.

Conclusion

Dehydrobenzoyl cations, the most stablgHgD** isomers,
are distonic ions with molecular orbital-separatetbcalized
radical andr-delocalized acylium charge sites. Owing to this
unique electronic structure, and the chemically unsaturated,
reactive acylium charge site, theetaandparaisomers display
strong duality of chemical behavior in the gas phase; they react
selectively either as free radical or acylium ions. They behave,
depending on the choice of the neutral reaction partner, either
as free radicals with an inert charge site or as even-electron
acylium ions with an inert radical site.

The dual chemical behavior of time- andp-dehydrobenzoyl
cations is best demonstrated by one-pot reactions with two
selected neutrals. With dimethyl disulfide and epichlorohydrin,
the ions first react at either their radical or acylium charge sites
to from two monoderivatized intermediates; further reaction at
the remaining radical or acylium charge site forms a single,
biderivatized ion as the final product.

The o-dehydrobenzoyl cation also displays a simiaocal-
ized radical andr-delocalized cation structure and the expected
radical and acylium ion reactivities. But for tleetho isomer,
binding of nucleophilic neutrals at the free or derivatizet=O
group facilitates reactions at the neighborortho radical site,
which confers to the ion a unique behavior; its acylium

(24) Gallup, G. A.; Steinheider, D.; Gross M. Int. J. Mass Spectrom.
lon Phys.1976 22, 185.

(25) Gozzo, F. C.; Mendes, M. A,; Carvalho, M.; Sparrapan, R.; Eberlin,
M. N. J. Org. ChemlIn press.
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