Available online at www.sciencedirect.com

SQIENCE<dDIHEOTG

g A

Mass Spectrometry

ge . . S0 N
ELSEVIER International Journal of Mass Spectrometry 249-250 (2006) 484—492

www.elsevier.com/locate/ijms

Characterization of a distonic isomegldsC*(OH)OCH,* of methyl
benzoate radical cation by associative ion—molecule reactions

Noemie Dechamp$ Robert Flammang*, Pascal Gerbau
Pham-Cam Nar®, Minh Tho Nguyer?

a Laboratory of Organic Chemistry, University of Mons-Hainaut, Avenue Maistriau 19, B-7000 Mons, Belgium
b Department of Chemistry, University of Leuven, Celestijnenlaan 200F, B-3001 Leuven, Belgium

Received 7 October 2005; received in revised form 28 October 2005; accepted 31 October 2005
Available online 15 December 2005

Dedicated to the memory of Chava Lifshitz.

Abstract

The GHsC*(OH)OCH,* radical cation, formally a distonic isomer of ionized methyl benzoate, has been prepared by dissociative ionization
of neopentyl benzoate, as earlier suggested by Audier et al. [H.E. Audier, A. Milliet, G. Sozzi, S. Hammerum, Org. Mass. Spectrom. 25 (1990)
44]. Its distonic character has now been firmly established by its high reactivity towards neutral methyl isocyanide (ionized methylene transfer)
producingN-methyl ketenimine ions. Other mass spectrometric experiments and ab initio quantum chemical calculations also concur with eact
other pointing toward the existence of a stable distonic radical cation.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction gen transfer from the methyl group to the carbonyl oxygen,
H-C*(-OH)OCH:* [4]. The distonic isomer is actually more
The structure assignment of an organic ion in the gas phasstable than the conventional formate ion. This isomer was pre-
is commonly based on information derived from either its dis-pared by dissociative ionization of isobutyl formate (by loss of
sociation chemistry, or its reactivity in selected ion—-moleculepropene), and it was expected that an hydrogen migration from
reactions. The methodology used in the former approach probeke 3-position relative to the carbonyl group initiated the whole
the collision induced (CID) and spontaneous dissociation of th@rocess as indicated Bcheme 1
ions and, when combined with energetic information derived In the same time, Audier et a[5] proposed a similar
from experiment and/or theoretical calculations, often leads tesequence for the possible generation of a distonic isomer
a definitive structure assignmdpt2]. In the second approach, D(distonicy™ of ionized methyl benzoate*. In this particular
the reactivity of the ion under consideration is probed by itscase, a neopentyl ester was supposed to be necessary in order
interactions with selected neutral molecules. Apart from chargéo obtain a satisfactorily yield of distonic ions upon isobutene
exchange and protonation reactions, highly structure specifioss Scheme L Deuterium labeling experiments (neopentyl
associative ion—molecule reactions may occur and can be servednzoate-1,1b) have confirmed that the isobutene loss occurs
to conveniently distinguish the ion from its structurally relatedby specific migration of a methyl hydrogen atom. Nevertheless,
isomerdq3]. no firm evidence has been obtained to prove the existence of
We have previously reported that the methyl formate radthe latter isomer. In view of the fact that a distonic structure
ical cation has a distonic isomer formed upon a hydro-D** apparently plays the role of key-intermediate in the overall
decarboxylation process of metastable methyl benzoate ions
1°**, we have set out to carry out novel experiments with
* Corresponding author. Tel. +32 65 37 33 36; fax: +32 65 37 35 15. the aim of demonstrating its actual generation in the gas
E-mail address: robert.flammang@umh.ac.be (R. Flammang). phase[6]. We wish to report here the results derived from
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OH OH chloride with neopentyl alcohol-d: (prepared by reduction of
— )\ . — )\ . pivalaldehyde with QLiAl in dry ether).
+ 0 H™ + O/

3. Results and discussion

o OH 3.1. Metastable ion characteristics

OH
I j/ — I G
Ph)J\O Ph+ o/% P 0" The major dissociation channel observed in the 70 eV elec-

tron ionization mass spectrum (EIMS) of methyl benzohte
Scheme 1. mainly consists, as expected for aromatic carbonyl compounds
[9], of the loss of a methoxyl radicalu{z 105) followed by

decarbonylation of the so-formed benzoyl cationg (77). Sur-

Qn‘fere.nt complementlng. mass Spectrometric eXp?“.mentf)risingly, this chemistry is strongly modified when metastable
including mass-analyzed ion kinetic energy (MIKE), collisional molecular ions are considered as showiig. 1a by the mass-

activation (CA), neutralization—reionization mass spectrometr)énalyzed ion kinetic spectrum of theiz 136 molecular ions. In

(NRMS) and associative ion—molecule reactions. In addmonthis particular energy window, decarboxylation/¢ 92) is the
€hain dissociation process, beside a loss of hydrogén135)
and a minor loss of waterqz 118). The peak seen a#'z 105
is probably already due to collisional activation (CA) even at
2. Experimental setup the low pressure used as its relative intensity depends strongly
on the field-free region concerned (see below) and as it repre-
The spectrawere recorded on a large-scale tandem mass spsents the base peak upon real CA conditions as described in
trometer (Micromass AutoSpec 6F, Manchester) combining si¥ig. 1b.
sectors of &1B1CE2qCE3B2CE4 geometry E; stands for elec- As shortly mentioned in Sectiofi, methyl formate rad-
tric sector,B; for magnetic sectog for a quadrupole collision ical cation possesses a distonic isomer H—OH)OCH:*,
cell and c for conventional collision cells). Typical conditions which was prepared by dissociative ionization (propene loss)
have been reported elsewhdr@. The installation of the RF- of isobutyl formate. A similar sequence was also proposed for
only quadrupole collision cell (Q cell) inside the instrumentthe possible generation of a distonic isomer of methyl benzoate
betweenE, andE3 has also been report¢8]. This modifica-  starting with neopentyl benzoa2gseeScheme 1 Indeed, the
tion allows the study of associative ion—molecule reactions anMIKE spectrum of then/z 192 ions of neopentyl benzoate fea-
the study of low energy (ca. 20—30 eV) collision induced dis-tures two peaks corresponding to a loss of benzoic acid with
sociations of decelerated ions. Briefly, the experiments utilizingharge retention on thesEl1g alkene fu/z 70), and a loss of
the quadrupole consist of the selection of a beam of fast ionsobutene #/z 136). These two reactions probably start with
(8 keV) with the three first sector&{B1E>), the deceleration hydrogen migration from one methyl group to the carbonyl oxy-
of these ions to approximately 5eV. The interaction betweemen as the corresponding peaks are cleanly shifted:atl and
the ions and the reagent gas is thereafter realized in the Q cdlB7 in the case of the Ph—C(=0)OCHDC(§)lisotopomer
and, after re-acceleration at 8 keV, all the ions generated in th@ide infra).
quadrupole are separated and mass measured by scanning théThe MIKE spectrum of théD** ions is found to be quite
field of the second magnet. The high-energy collisional activasimilar to the corresponding one of methyl benzoate ithis
tion (CA) spectra of mass-selected ions generated in the Q cellith however, a significant intensity decrease of e 105
can be recorded by scanning the fiélg after selection of the peak (sedable J.
ions withE3 andB». The products of dissociation of metastable
ions within the quadrupole (without collision gas) can also3.2. High energy collisional activation
be recorded by scanning the field of the second magnet; this
kind of spectra will be referred in the text to “resolved” MIKE ~ Upon helium collisional activation conditions, as seen from
spectra. a comparison ofig. 1b and c, the distonic species is readily
In the neutralization—reionization experiments, the Q cell
and its ion optics are extracted from their housing and an
additional neutralization collision cell is inserted before theTable 1
reionization cell which preceddss. Un-reacted ions are elim- “Resolved” MIKE spectra ofn/z 136 ions (see Sectia?)
inated by floating at 9000V the intermediate calibration ioNpecyrsor

performed to obtain more quantitative information.

milz

source.

All the samples were commercially available and used in 15 119 118 105 92 0
this work without any further purification except for neopentyl Methyl benzoatd 32 - 3 2 61 2
benzoate2 prepared by reaction of benzoyl chloride with Neopentyl benzoat 3 - 3 - s 1

neopentyl alcohol, and the partially labeled neopentyl benthenviacetic acid 1= 2 - % 1

. Cl (oxi f benzoic acid 2 1 42 1 52 2
zoate PhC(=0O)CHDC(C#)3, prepared by reaction of benzoyl (oxirane) af benzolc acl ©
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Fig. 1. (a) MIKE and (b) CA (E scan, helium collision gas) spectra ofithel 36 molecular ions of methyl benzoate. (c) CA spectrum ofithel 36 ions obtained
by dissociative ionization of neopentyl benzoate. CS refers to charge stripping.

differentiated from the conventional ion by a base peaf/at The NR spectrum of the distonic isomer of methyl benzoate
92, and peaks at/z 118 (loss of water) anei/z 106 (loss of  (Fig. 2b) is not really different from the previous spectrum, but
formaldehyde). The:/z 105/77/51 sequence could be ascribedsome relative intensities are nevertheless worthy of note:

to the presence of some methyl benzoate ions. The occurrence

of charge stripping (CS) is also worthy of note and indicated (i) a reduced intensity of the recovery signahst 136;

by the peak atn/z 68; such a process is usually found to be (ii) the occurrence of a small but significant signal raf;
more favorable for the distonic ions than for the corresponding 122 (loss of CH), which could be explained by the

conventional counterparf$0]. neutralization—dissociation of the distonic species;
(iii) the intensity increase of unresolved peaks:&t92, 62, 44,
3.3. Neutralization—reionization experiments 37 (compared to thei/z 105, 77, 51 ions) which could be

accounted for by neutralization of an ionized complex link-
Neutralization—reionization (NR) mass spectrometry has  ing ionized toluene (or/and isotoluene) to carbon dioxide
proved to be a valuable method for identifying elusive, short- (vide infra). In such event, one should assist to a severe
lived, neutral molecules in the gas phase. As far as ions are  broadening of the corresponding peaks as observed for
concerned, such methodology has also been useful for isomer instance in the NRMS of nitrosated arefig2].
differentiation when collisional activation results failed, or were
poorly conclusivg11]. This was generally attributed to a higher 3.4. Other potential distonic ions
degree of energy deposition in NR than in GAg. 2 collects
the NR data. We have also attempted to generate the distonic intermediate
The NR spectrum of ionized methyl benzoate displayed irby electron ionization of a mixture of benzoic acid and oxirane in
Fig. 2afeatures arecovery signal (RSydt 136, but of verylow  a chemical ionization source. lonized oxirane has been reported
amplitude. This results probably, at least in part, from slightlyto transfer an ionized methylene to benzoic acid in reasonably
different geometries between ionized and neutral benzoates. Agod yield[13]. In contrast with the results of the latter work,
it will be shown in the theoretical section, the ester functionalitythese ions have been found to give rise, under our experiment
deviates from the plane of the benzenic ring ®$0° in the  conditions, to a new MIKE spectrum, which is very different
ionized state. The difference between both vertical and adiabatftom the MIKE spectrum of then/; 136 ions formed by the
ionization energies amounts to about 0.3-0.4 eV, which is rathd@sobutene loss from ionized neopentyl benzoate and considered
significant. Them/z 44 ions, not present in the CA spectrum, as a distonic species. Such differences can be figured out from
result from the reionization of neutral carbon dioxide lost in thethe data listed iTable 1 The major differences are in fact the
spontaneous unimolecular dissociation. Most of the peaks ammaller intensity of peaks at/z 135, 105, and 92, an enhanced
those observed in the high-energy collisional activation regimesignal atm/z 118 (water loss) and the presence of a small peak
mainly m/z 105 and 77. atmlz 119 (loss of OHM). Moreover, the NR spectrum of these
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Fig. 2. Neutralization—reionization spectra (Xe ang @llision gases) (a) of the molecular ions of methyl benzoate, (b) ofithel36 ions (M—isobuten&}
generated from neopentyl benzoate, (c) ofrtte136 (ClI (oxirane) of benzoic acid) ions and (d) of the molecular ions of phenylacetic acid.

mlz 136 ions features an intense recovery sigféd.(2c), in  tonic ions. As the result of its relatively high ionization
clear contrast with the benzoate distonic isomer. Such anintensmergy (11.24eV)[14], charge exchange is usually not
recovery signal indicates that the structure of this ion is not allowed, and therefore structurally significant reactions can take
complex linking benzoic acid ion and a methylene, but rather glace.
structure having covalent bonding. Products of the reactions of MeNC with methyl benzoate
Given the fact that these/z 136 [CI (oxirane) of benzoic ions can be identified frorfig. 3. The main productKig. 3a)
acid] ions are notionized methyl benzoate or the distonic isomers observed ain/z 118. Such a loss of 18amu was at first
we compared these ions with othef; 136 species as follow: the sight unexpected because dehydration was not detected as a
phenylacetic aci@ and toluic acid molecular ions. Phenylacetic prominent process in low collisional energy conditions using
acid3 behaves in a similar way as methyl benzdatgwon 70eV  argon collision gas. It is therefore more probable that these ions
electronionization conditions: unstable molecular ions suffer tharise from a fast interaction of methyl benzoate radical cations
single bond CH-CQ; cleavageii/z 91, 100%), but the corre- with methyl isocyanide; substitution of ester group (Cbi3)
sponding metastable ions mainly rearrange iniplgradical by MeNC should therefore produ@émethyl benzonitrilium,
cations fu/z 92) upon loss of carbon dioxide (s&able J). Ph—G=N*-Me, ions. Other minor reactions are observed at
On the one hand, the NR spectrum of phenylacetic acid m/z 162 and 176 and their actual structure is presently under
featuresFig. 2d), as in the case of methyl benzoate, a very lowstudy. Protonated methyl isocyanide is also detectegh/at
intensity RS, and the overall spectrum differs markedly from42.
the one recorded for/z 136 ions resulting from the methylene  The situation becomes dramatically different for
transfer. On the other hand, MIKE, CA and NRMS experimentdM—isobutenel* ions of neopentyl benzoat@. Among
performed on the-, m-, p-toluic acid isomers indicate that, the ions produced within the quadrupole reaction cell e
although some similarities are observed between the spectra % ions are of great interest. They formally correspond to an
all thesem/z 136 ions, then/z 136 ions resulting from a methy- ionized methylene transfer to methyl isocyanide generating
lene transfer cannot be attributed to one or even a mixture of theleN=C=CH, (N-methylketene imine) radical cations. Such a

three toluic acids. connectivity, which is not the isomeric MeCNGldonnectivity,
is readily demonstrated by a consecutive high energy collisional
3.5. Ion—molecule reactions with methyl isocyanide activation step giving a CA spectrum, in excellent agreement

with reported literature dat&{g. 4). In a previous work, we have
Methyl isocyanide (MeNC) has proved to be an effi-indeed reported the CA spectra of MeNC£H and isomeric
cient neutral reagent for the identification of some dis-MeCNCH,*" radical cation§15]. These spectra were virtually
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Fig. 3. lon—-molecule reactions of (a) ionized methyl benzoate 136), (b) ionized neopentyl benzoate ([M—isobutéhédns) ¢n/z 136), (c)m/z 136 (CI (oxirane)

of benzoic acid) and (d) ionized phenylacetic acidz(136) with neutral methyl isocyanide (MW 41) in the quadrupole collision cell. The inset in (b) shows the
mlz 40-60 region for a partially labeled neopentyl benzoate, 2BJOCHDC(CH)3: ion—-molecule reactions between [M—g+C(CHg)2]** ions ¢n/z 137) and
methyl isocyanide.

identical, but with nevertheless two significant differences: ahe basis of available thermochemical dgit8,16] depicted in

more intensen/z 15 peak for the ketenimine ions, together with Scheme 2

a more abundank/z 26.5 ions (GH3N?* ions). This second The heat of reaction is thus calculated to be exothermic by
feature is particularly evident if the spectra are recorded in 417 kJ mot!, and as this value is by far smaller than the energy
synchronous®/E mode (not shown here). Moreover, a partially required to decompose the keteneimine ion (loss of a hydrogen
labeled neopentyl benzoate, Ph=0)CHDC(CHs)3, was used atom, 261 kJmol®, cf. referencd15]), them/z 55 ions should

to confirm the specific ionized methylene transfer. Indeed, onlype an observable species, even in the absence of complete ther-
the signal ain/z 56, corresponding to the CHEC=N**—CHs malization.

radical cation, was observed (see the insdtigf 3). The fact It can be noted that ionized phenylacetic adtd mainly

that such a reaction was occurring, can indeed be predicted oracts with methyl isocyanide by proton transfet/z 42,

HO_, O AHpee= 117k mol” HOL O .
\f “CHp + CHa-N=Cz = > \f + CHg-N=C=CH,
Ph Ph

AHiomation = 620 173 -294 970 kJ mol

.- AHrgae = 261 kJ mol” . .
CH3-N=C=CH, . CH2=N=C=CH, + H

AHiomaton= 970 1231 kJ mot"

Scheme 2.
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Fig. 3d), a process also of importance in the previous case. Th&3 kJ mot L, thes-trans conformation is found, as expected, to
signal observed at/z 159 could thus correspond to an adductbe less stable by about 21 kJmb] as a result of the steric
formation between thes/z 118 ions and methyl isocyanide. hindrance between the methylene group and a hydrogen atom in
The m/z 136 ions generated by CI (oxirane) of benzoic acidthe ortho-position. Overall, the distonic radical cati®a®* is

do not react with methyl isocyanide by methylene transfer bumarginally less stable than the conventional counteidparfThe
exclusively by proton transfer. The latter observation is thus ircalculated energy difference of 8 kJ mbI(Fig. 5) lies however
disagreement with a previous stufiy8], which was asserting within the error bar of the level of theory employed. Note that in
that a methylene was transferred to the carbonyl oxygen atorine case of methyl formate, the distonic radical cation has been

of benzoic acid[ig. 3c). found to be much lower in energy than the classical fgt8j.
The transition structure connectidgj" to Da** is calculated
3.6. Quantum chemical calculations to be 98 kI mot! higher in energy thai**. This 1,4-hydrogen

shift having a rather moderate energy barrier, constitutes the

In order to obtain some quantitative information on the enerfirst step of a complex reaction sequence leadingye to the
getic of the systems considered, quantum chemical calculatiodtimate products of decarboxylation of metastabyieions|[6].
were carried out with the Gaussian 98 suite of progrfé Qalculated pharge and spin densities using the Mulliken pop-
Structures were fully optimized using density functional the-ulation analysis with the HF/6-31G(d,p) method tend to confirm
ory with the hybrid B3LYP functional and the 6-311++G(d,p) the distonic nature of the radical catiba®*. Accordingly, the
basis set. The optimal shapes of the structures considered are di@sitive charge is mainly located on the carbop)(@ the hemi-
played inFig. 5, along with their relative energies. These include@cetal function (0.89e). Carbon atoms of the benzenic ring are
(a) neutral methyl benzoate(b) methyl benzoate radical cation /S0 positively charged, except for the carbonb@nded to the
1°*; (c—e) the distonic io®** in different conformations; and hemiacetal group<0.13e). The two oxygen atoms are nega-
also (fI) various isomers of the radical cation. Some selectet{vely charged £0.12e for Q and—0.53e for G, cf. Fig. Sfor
geometrical parameters are tabulatedaile 2 atoms numbering). _

In contrast to neutral methyl benzoatevhich is calculated ~ The methylene carbonyGs actually the radical center where
to be planar, the geometry of the corresponding radical catiof!® unpaired electron is located. The excesa-efectrons on
1°* deviates significantly from planarity with a dihedral angle this G atom amounts to 1.17e. The remaining atoms are charac-
of 46° between the benzenic ring and the ester functionality!€rized by small excess spin, amounting to eith@r09 or 0.08e.
Vertical and adiabatic ionization energies of methyl benzoatdote also the markedly different carbon—oxygen bond lengths
were calculated at 9.4 and 9.1 eV, respectively. These valudd 1°", that correspond to classical single and double CO bonds.
are in good agreement with the available experimental valueshe latter become aimost equivalenta®” (1.30-1.3%, see
of IE,=9.5eV and I5=9.32 eV (values taken from reference Table 3 Overall, both the elgctron Q|str|bqtlon gnd g.eometrllcal
[18]). Note that the vertical ionization energy was evaluated byarameters dba®" are consistent with a distonic radical cation
energy calculations using the neutral methyl benzoate geometrjaving a clear separation of charge and radical centers.
Thus calculations suggest a larger energy gain of 0.3eV fol- N agreementwnh the experimental results (oxwane cher_nl_cal
lowing geometry relaxation. The geometrical changes are alsi9nization, vide supra), we have been successful in optimizing

consistent with the low intensity recovery signal noted above ifh® geometry of an isomeric covalent structure, which is sup-
the NR mass spectrurfig. 2a). posed to be generated by cycloaddition reaction of an ionized

For the distonic io®**, theDa®** form is calculated to be the Methylene to one double bond of the benzene ring. The energies
most stable conformation showing again a near planarity. Whil@f such norcaradiene-like structures displayesiign 5as (-h),
the others-cis conformation is only slightly less stable by about i‘f nevertheless higher, namely about 24 kJthoélative to

It is worth noting that the different derivatives of cyclohep-

@ mz 136 54 tatriene radical cation shown [structures (i—k)] turn out to be

lMeNC more stable than the norcaradiene structures. These covalent

@ ™55 structures could explain the occurrence of the intense recovery

ioz signal observed in the neutralization—reionization mass spec-
trum (Fig. ).

O

On the contrary, we have not been able with the level of
theory and basis used to optimize a distonic species resulting

28
% 52 from the transfer of ionized methylene on the hydroxyl group of
40 benzoic acid. All optimizations starting from the initial geom-
etry GGHs—CE=0)O0* (—H)CH,* invariably lead to the cleavage
15 38 1 51 of the carbonyl-oxygen bond yielding an ion—neutral complex
M connecting a benzoyl cation to an hydroxymethyl radical. This
cleavage can be readily explained by the destabilizing interac-

Fig. 4. CAspectrum ofthe/z 55 ons formed by ion—molecule reaction between tion of the positively charged oxygen and the partially charged
miz 136 ions (neopentyl benzoate-isobutene) and neutral methyl isocyanide. carbon of the carbonyl group.
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Fig. 5. Optimized geometries and relative energies (UB3LYP/6-311++G(d,p) + ZPE) of the following structures: (a) neutral methyl b oagthyl benzoate

radical cationl**, (c) the most stable distonic isomBa**, (d and e) two distonic rotameBb** andDc**, (f-h) three bicyclic geometries of/z 136 ions formed
by CI (oxirane) of benzoic acid, (i—k) the three more stable carboxycycloheptatriene radical cations and (I) phenyladatiaadical cation.
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Table 2
Bond lengths (in angstroms), angles and dihedral angles (in degrees) of different geometries
1 1°* Da** Db** De** 3ot
Bond lengths
C-C, 1.49 1.49 1.43 1.42 1.43 1.51
C-0O; 1.21 1.21 1.30 1.30 1.30 1.32
C—-O 1.35 1.35 1.30 1.31 1.30 1.22
0,—-C3 1.43 1.43 1.35 1.37 1.37 -
O1-H - - 0.96 0.97 0.97 0.97
C1-G; - - - - - 15
Angles
H-0,—C, - - 113 114 112 110
0,-G-0, 123 123 115 121 114 124
Co-0,-C3 116 116 125 123 127 -
C1-G-0; 125 125 126 120 119 122
C1-C-0, 113 113 119 119 127 122
C,-G-C - - - - - 123
Dihedral angles
H-0,—C,—C; - - -3 168 176 180
H-0,—C,-0, - - 178 -12 -6 0
C1—-C-0,-C3 180 150 179 170 —20 -
0:-C-0,-C3 0 0.5 -0.6 -10 162 -
C-G-C-0, 0 139 -4 -5 —22 -
C-G-C-0O; 180 —46 176 175 156 -
0,-C-C—C3 - - - - - —171
C1-C—C3—-C - - - - - 126
() (x=5) () x=4) &) (x=3) ® (x=5) ®) (x=4) () (x=3)
Bond lengths
C1—-0; 1.20 1.20 1.20 1.19 1.20 1.20
C1-0, 1.33 1.33 1.34 1.33 1.33 1.33
O,—H 0.97 0.97 0.97 0.97 0.97 0.97
C—-C, 1.52 1.52 151 1.50 1.50 1.51
C—GCs 1.42 1.36 1.49 1.39 1.45 1.55
Cs—Cs 1.37 1.48 1.48 1.44 1.53 1.52
Cy—GCs 1.48 1.48 1.36 154 155 1.44
Cs—Cs 1.48 1.36 1.41 154 1.43 1.39
Ce—C; 1.36 1.41 1.39 1.44 1.39 1.40
C—Cs 1.42 1.39 1.41 1.39 1.40 1.39
Cs—C, 1.39 1.42 1.37 1.41 1.39 1.44
C-H 1.08 1.08 1.08 1.08 1.08 1.08
Cix-1~Cix+1) - - - 1.52 1.52 1.54
Cx—H 1.1 1.1 K=3)1.1 1.08 1.08 1.08
Angles
0,-C-0, 125 125 125 125 126 126
C,—O,—H 109 109 109 109 109 109
0:-Ci—G 123 123 123 122 122 122
0,-C—C; 112 112 112 112 112 112
Ci-CG-G; 118 119 116 122 121 116
Co—Cs—Cy 129 131 123 122 117 60
C3—C—Gs 131 123 132 116 59 117
Cy—Cs—Cs 130 130 128 59 116 122
Cs—Cs—C; 130 128 129 116 122 121
Ce—Cr—Cs 129 130 129 122 121 120
Cr—G—C, 130 130 130 120 121 122
Cs—Co—C5 128 127 129 120 121 116
Cs—C-C; 114 113 114 117 117 116
H-Cx—H 100 100 99 117 117 117
Dihedral angles
0,-C;—O-H 0 0 0 0.5 0 0
0:1-C—-C—C3 180 180 180 180 —175 135
0:-C-Co—Cg 0 0 0 0 0 -7
Co—G—Cs—GCs 0 0 0.25 61 -107 107
Cs—Cs—Cri—Cg 0 0 0 —61 -8 -1
H-Cx—Cixr1y~Cxs2) 127 127 127 0 -0.6 0
—146 —145 —147
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4. Conclusions [6] N. Dechamps, R. Flammang, P. Gerbaux, P.C. Nam, M.T. Nguyen, in
preparation.

Although CA. CS and NR mass spectrometric data Con_[7] R.H. Bateman, J. Brown, M. Lefevere, R. Flammang, Y. Van Haverbeke,

. DL . . . Int. J. Mass Spectrom. lon Processes 115 (1992) 205.
sistently indicate that the (M-isobutefig)ions of ionized [8] R. Flammang, Y. Van Haverbeke, C. Braybrook, J. Brown, Rapid Com-

neopentyl benzoat2 are structurally distinct from the methyl mun. Mass Spectrom. 9 (1995) 795.
benzoate iong**, the ion—molecule reactions with methyl iso- [9] F.W. McLafferty, F. Turecek, Interpretation of Mass Spectra, University
cyanide setup in the present work, strongly confirm that they  Science Books, 1993.

contain a “free” methylene group and thereby point toward theif'% g.slz.svates, W.J. Bouma, L. Radom, J. Am. Chem. Soc. 108 (1986)
distonic connectivity. Similar ion—molecule experiments also[ll] For a recent review, see F. Turecek, Top. Curr. Chem. 225 (2003)

point out that these distonic ions are not produced in the chem- = 77.

ical ionization (oxirane) of benzoic acid. Taken together, thesg12] N. Dechamps, P. Gerbaux, R. Flammang, G. Bouchoux, P.C. Nam, M.T.
experimental observations constitute the definitive evidence for Nguyen, Int. J. Mass Spectrom. 232 (2004) 31.

the pI’OdUCtiOI’I of the distonic isomer6E£5C+(OH)OCI-b' of [13] C.G. de Koster, J.J. van Houte, J. van Thuijl, Int. J. Mass Spectrom. lon

thvl b t dical cati Processes 123 (1993) 59.
methyl beénzoate radical cation. [14] P. Gerbaux, R. Flammang, M.T. Nguyen, J.Y. Salpin, G. Bouchoux, J.

Phys. Chem. A 102 (1998) 861.
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