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Abstract

In the gas phase and within ion—neutral complexesabistraction by the ion from the neutral moiety was studied by using FT-ICR
experiments and molecular orbital calculations. lonized methanol abstracts rapiftyntimethane and other alkanes whiledtslistonic
counterparttCH,OH,*, is completely unreactive. On the other hapdjistonic ions, such a&CH,CH,XH* (X = OCH;, NH,), are also
unreactive towards methane but can abstradtdin ketones and ethers. Finally, ionized carbenes, such as HO—C+NBact with methane
by a slow H abstraction.

Ab initio molecular orbital calculations at the G3(MP2) level were performed in order to understand these behaviors. For ionized methanol
and itsa-distonic counterpart, the reacting structure that could lead*talidtraction is the highly stabilized complex between protonated
methanol and a methyl radical, which yields the final statej@H,* + *CHz) by simple cleavage. In the case of methanol the encounter
complex with methane leads easily by rotation of the methane molecule to this reacting structure. In contrast, in the caskéstdtieion,
the almost linear structure of the encounter compi&H,OH,* - - - CH,4] and the high energy required for its isomerization into the reacting
structure prevent the reaction. Two factors are required to obseradstraction irg-distonic ions: the interaction energy of the encounter
complex and the distance between the hydrogen to be transferred and the carbon radical. Reaction of the HO-e@rdéiHe with methane
lies between these two extreme cases. The encounter complex is poorly stabiBzé#é¢al mot!) and the transition state fortabstraction
is very close to the reactants energy.
© 2003 Elsevier B.V. All rights reserved.
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1. Introduction are generally not observed (see for instance B¢X, 1,3-H°
transfers are rare and irreversible when obsef@égdwhile
In the gas phase, intramoleculaf kfansfers in organic  1,4- anda fortiori 1,5- and 1,6-1 transfers are easier and
radical cations are observed both to an ionized heteroatomoften reversible. This has been confirmed by calculations
site, as well as to a radical carbon dité. carried out on ionized amindg] as well as on ionized al-
As an example of the first case, the fragmentation of cohols[8].
long chained alcohols, ethers, amines, acids or esters radi- Distonic ions possessing a carbon radical site are good
cal cations often begins with an intramoleculét transfer models to study M transfers from carbon to carbon
to the heteroatom. Such a process yields a distonic ion (of- (Scheme ) They can be formed by a first®Hransfer from
ten more stable than the initial molecular ion) in which the the chain to an ionized heteroatdsi or by ring opening
charge and the radical are not borne by the same atom in aas studied by Tabet and coworkdf. From experiment
conventional writing[2—4] (Scheme L Experiment shows  [5,9,10] and from calculatiorf11], it has been also shown
that intramolecular 1,2-Htransfers to an ionized heteroatom that the energy barrier for the transfers to a carbon radical
site decreases from the 1,2-khigration up to the 1,5 one.
More generally, the energy barrier for intramolecular-#?
* Corresponding author. Tek:33-169-334-877; fax:-33-169-332-542.  transfers is the lowest when the hydrogen to be transferred,
E-mail addressmourg@dcmr.polytechnique.fr (P. Mourgues). the acceptor atom and donor atom are in line in the transition
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state. It will be shown in this work that this is a good time ensuring few collisions conditions (50 ms, Ar pressure
criterion also to discuss the*Hransfers within complexes.  2.10~" mbar) the CID spectrum was recorded.
H* abstraction by the ion from a neutral molecule is  The efficiencies (Eff) of the reactions are reported as the
a widespread process observed in ion—molecule reactionsratio expressed in % of the experimental rate constant to
which takes place within a complex. A number of such H the calculated collision rate constant according to Su and
abstractions within complexes have been descrjb2d16] Chesnavich18]. Errors on experiment values are estimated
but the factors making possible these transfers are not yetto +30%.
clearly understood. In this work, the mechanisms of differ-  Distonic ions were generated as described in literature
ent kinds of H abstraction from neutral molecules are stud- [2—4]. The a-distonic ion *CH,OH,™ was formed by El
ied: abstraction by a molecular ion, by ardistonic ion, by fragmentation of HOCKCOOH T, and theB-distonic ions
a B-distonic ion and by an ionized carbene. *CHyCHaXH™T (X = OH, OCH;, NHy), respectively, by
fragmentation of HOCKHCH,CH,OH*+, CH3OCH,CHs,-
OCH;z** and HOCHCH,CHzNHz* .

2. Experimental The Gaussian 98 packaf®] was used for calculations to
determine the different key structures on the potential energy

The bimolecular reactions of ions were examined in a profile. A variation of G3(MP2) methof20] was used to
Bruker CMS-47X FT-ICR mass spectrometer equipped with optimize the geometries and determine the energies. The ge-
an external ion source and an infinity cglir]. The neutral ometries were optimized at the MP2/6-31G* level of the the-
reactants were introduced into the cell through a leak valve ory and the zero-point energies were obtained from the same
at a pressure of X 1078 to 4 x 10-8 mbar (depending on  level (scale factor 0.97p1] instead of the HF/6-31G* level.
the experiment) and then diluted with argon to give a total This change was imposed from the fact that for the transition
pressure of % 10~/ mbar. In the particular case of methane, state structures, the optimized HF/6-31G* geometries were
and when reaction rates were very low, a larger pressure oftoo different from the MP2/6-31G* ones, and therefore the
methane was used (up to1mbar) without argon gas bath. HF/6-31G* zero-point energies were not correct.

lon—molecule reactions were examined after isolation and
thermalization of the reactant ions formed in the external ion
source. After transfer into the cell, the ions of interest were 3. Results and discussion
first isolated by radio frequency ejection of all unwanted
ions. After a 1.5 s delay to allow thermalization of theions by 3.1. H abstraction by a molecular ion
successive collisions with argon, the isolation procedure was
repeated by the use of low-voltage single frequency pulses3.1.1. lonized methanol: reaction with methane
(soft shots) at the resonance frequencies of the product ions H® abstraction reactions from alkanes by the molecular
formed during the relaxation time. ions of alcohols, ethers, amines, ketones or amides are gen-

Argon was also used to perform CID spectra. A rf pulse erally highly exothermic. For instance, the exothermicity of
at the cyclotron frequency of the ions of interest (isolated abstraction by ionized methanol, evaluated from the NIST
as described above) was used to excite them translationtable [22] is about 13, 18 and 23 kcal mdi, respectively,
ally (Vp—p = 24V, 0.1-0.4 ms duration). After a collision for methane, propane and isobutane.
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However, in the cell of an FT-ICR, ionized methanol ab- Table 1
stracts M from methane Eq_ (1) with an efficiency which Relative energies (in kcalmol) calculated at the MP2/6-31G* and
is significantly lower than the collision rate (Eff: 15%). With modified G3(MP2) (see text) levels of the theory for the ionized
. .. . o ’ methanol/methane system
propane, the efficiency is higher while with isobutane reac-

tion takes place almost at collision rate. AMP2 AG3(MP2)

In the presence of CP ionized methanol yields  CH;OH** + CH, 0.0 0.0
CH3OHD™ (Eq. (2) as shown by its CID spectrum (loss of 1 —4.5 -16
HDO) [23]. This indicates that Habstraction occurs at the 2 —r.2 —6.8
oxygen site of the ion and that GBH**+ does not convert :;gg :;g"l‘
into the more stable structure GEH,** prior to abstrac- 15 13 12.0 93
tion. The efficiency of the reaction is only 5%, denoting a TS 2/4 -2.0 -2.4
substantial H/D isotope effect. TS 3/4 1.0 15
CH3OH*" + CH; — CH3OH,™ + *CHg3 (1)
CH3OH** + CD4 — CH3OHD* + *CD3 ) ton from ionized methanol which is the first step of the

isomerization mechanisf24—26] In agreement with these
As previously observed in the interaction between ionized PA values, the transition stal¢3 energy lies far above that
methanol and watg24—26] reaction of ionized methanol of the reactants: the compléxs a dead end in the reaction

with methane yields two encounter complexeésand 2 processfig. 2.

(Fig. 1). However, in contrast to the GGOH**/H,0 system In the complex2, the hydroxylic hydrogen of methanol

leading to complexes whose interaction energig3 lies is weakly bonded to the carbon of methang; (=

around 30 kcal mol!, 1 and2 are stabilized only by a few  —6.8kcalmol!). Via the transition structur@/4, 2 leads

kcal mol! (Table J). to the very stable complek (23.1 kcal mot under the re-
The complex 1 is very poorly stabilized £ = actants energy). The structure &torresponds in fact to a

—1.6kcalmoll) by an interaction between a C-bonded complex between protonated methanol and a methyl radical
hydrogen of the ion and the carbon of methane. Via the (Figs. 1 and  that, by simple cleavage, yields the final
transition statel/3, ion 1 is connected t®, which is the state (CHOH,™ + *CHg), in an overall reaction which is
a-distonic ion®*CH,OH, ™ bonded to methane. In the com- exothermic by 10 kcal mol. However, since the energy of
plex 3, a hydroxylic hydrogen interacts with the carbon TS 2/4 lies only 2.4 kcal mot! below that of the reactants,
of methane E; = —12.1kcalmol?). Such a process op- the reaction is experimentally observed with a slow rate,
erates in the isomerization of ionized methanol into its and subjected to an important isotope effect.

a-distonic ion when catalyzed by wat¢24-26] In the

present case, methane possesses a too low proton affinity3.1.2. lonized ethylamine

(129.9 kcal mot?), with respect to that of the carbon atom Contrastingly, ionized ethylamine does not react
of the *CH,OH radical (159 kcal moll), to abstract a pro-  with methane despite the exothermicity of the process
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Fig. 1. Stable structures and transition states for the H transfer from methane to ionized methanol anedistdtsic isomer.
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Fig. 2. Potential energy surface diagram for the H transfer from methane to ionized methanol arddsitnic isomer. EnergiesEgqg ) in kcal mol1
relative to the entry point (C¥DH*" + CH,) were obtained at the G3(MP2) level of the theory.

(5.6 kcal mot 2, as calculated for this work). Habstraction complex formed on the Habstraction reaction. In the stud-
is slow with dimethylether (Eff: 10%) and very slow with ied case, the compleg, [CH3CHNH,**, CH;OCHg], is
ethanol (Eff: 1.5%). In the presence of @ED,OH*", strongly stabilized £; = —215kcalmol ™). The energy
CH3CH,NDH,t is formed: this ion only yields CECH,t of the transition structuré/9 leading to9 [CH3CH;NH3™,
upon collision, and its further reaction with ethanol leads CH3OCH,®], is below that of the reactant§ig. 5, which
to back exchange of the D atom to form gEH,NH3™. is in agreement with the experimental occurrence of the
These results suggest the existence of a significant energyeaction.
barrier in the reaction of Habstraction. This is confirmed
by calculations. 3.2. K abstraction by arw-distonic ion
The energy profile for the reaction of ionized ethy-
lamine with methane differs significantly from that of As previously showr{3,4], a radical carbon often leads
ionized methanol Kig. 3). The complex5, in which one to a characteristic radical type abstraction 8f 1SCHg
amino hydrogen atom of the ion is bonded to the carbon or H* from appropriate molecules. However, it is not the
of methane Fig. 4), is less stabilized than the complex case of thex-distonic ion*CH,OH, ™. This ion is strongly
2 (E; = —3.1kcalmol1). This has for consequence that acidic [23,27] and, in the presence of most of the neutral
TS 5/6, giving the complex6 [CH3CHoNH3™*, *CHjs] lies molecules, the only reaction observed is protonation of the
in this case above the reactants energy, which makes theneutral. This latter reaction is not observed with alkanes
reaction not to occur at a significant rate, as observed whose proton affinities are too low. Therefore, the &b-
experimentally. straction reaction cannot be hidden by a rapid protonation.
The reaction of the same ion with dimethylether illus- However, despite the presence of a radical site and the
trates the consequence of the interaction energy in the firstexothermicity of the reaction shown . (3)(6 kcal mot!

TS 6/7
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0.0 3l
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Fig. 3. Potential energy surface diagram for the H transfer from methane to ionized ethylamine and3tdigtanic ion *CH,CH,NH3*. Energies
(ESgg k) in keal mol! relative to the entry point (\NCyHs® ™ + CH,) were obtained at the G3(MP2) level of the theory.
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Fig. 4. Geometries of stable structures and transition states for the H transfer from methane to ionized ethylamine grdigtotiie ion®* CHCHaNH3 ™.

from the NIST table)22], the a-distonic ion®CHyOH,™ 3.3. H* abstraction by gs-distonic ion

is unreactive towards methane.
3.3.1. Experimental results

*CH,0H," + CHy =< CH30H, ™ + *CHs 3) Proton transfer to neutral specifz8] (Eq. (4) and/or
CHyCH,* T transfer to the neutr29] (Eq. (5) are the main
Calculations explain this lack of reactivityFig. 2). reactions of theB-distonic ions®*CH,CH>XH (X = OH,
Thus, interaction between tH€H,OH,* distonic ion and OCHgz, NH2) with most neutral reactants. Furthermore, in
methane yields the compleX (E; = —12.1kcalmot? the case ot CH,CH,OH,™, no other reactions are observed

compared to energy of the reactants) whose geometry is[28,29]

not appropriate for a hydrogen transfer from the methane Reactions at their radical site can also take place in such
moiety to the radical site of th®CH,OH,™ ion (Fig. 1). In ions, the spatial separation of the two potentially reactive
order to allow H abstraction, the methane molecule must, sites opening the possibility for an ambident behavior in
at first, turn with respect to the distonic ion moiety and then the gas phas@l]. A first example has been given by the
an H transfer leads tet, which then gives the final state reaction of the*CH,CH,OHCHz™" ion with CH,O [30].
(CH3OHo™ + *CHg). As discussed in the previous para- The first step of the reaction, of an H-bonded complex
graph, this step requires a high internal energy content: theinvolving an acidic hydrogen of the ion and the oxygen
transition structured/4 lies far above the reactants energy, atom of formaldehyde, followed by a C—C bond formation
which makes I abstraction impossiblé=(g. 2). between the radical carbon of the ion and the carbon of

TS 8/10
+8.4

.4
CH;CH;NH, + CH;0CH,
= +
CH2CH2NH3 + CH3OCH3s

Fig. 5. Potential energy surface diagram for the H transfer from dimethylether to ionized ethylamine an@-gistemic ion®*CH,CH,NHs*. Energies
(ESgg k) in keal mol! relative to the entry point ((NCyHs** + CH30OCHs) were obtained at the G3(MP2) level of the theory.
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the neutral. The so formed48,00,** addition product  Table 2 o _
then eliminates a water molecy@0]. Furthermore, iodine Relative energies (in kcal mot) calculated at the MP2/6-31G* and modi-

. L ' fied G3(MP2) (see text) levels of the theory for the reactions with methane
abstraction from allyl iodideEq. (6) has been observed. i .ized ethylamine and itg-distonic isomer
However,*CH,CH,OHCHs ' does not exhibit conventional

radical type reactivity3] neither with CHSSCH; nor with AMP2 AG3(MP2)
N2O [4]. For instance, with dimethyl disulfide there is no CHzCHzNH2** + CHy 0.0 0.0
CHsS® abstraction, these ions leading only to a charge ggzgﬂsz +c(|:-|H4 —3-; —g-é
; 3CH2NH3™ + CH3® —. —o.
exchange reaction. 5 37 _31
*CH,CH,0OH>" + CH30H S :igg __]-gf
— *CHCH0H + CH30H,™ 4) TS 5/6 5.1 3.7
TS 6/7 10.2 8.6
*CH,CH,0H,* + CH3OH
— *CHyCH,OHCHz ™ + H,0 (5) *CHoCH,NH3 ™ + C2D50C;Ds
— CH>DCHoNH3™ + CD3*CDOGDs5 (8)

*CHyCH,OHCH3 ™ + C3Hsl

CH3CHaNH2** + C,D50C,D
—» ICH,CH,OHCHg" + C3Hs® (6) aaleals 2Ho TS

— CH3CHoNH,D' 4+ CD3*CDOGDs5 (9
Nevertheless, Habstraction studied in this work occurs

in some instances, but is far from being a general reaction The®CH,CH;NH3™" ion does not exhibit, with most neu-
of *CH>CHoXH™. For instance, even if the thermochem- tral reactants, reactions competing with &bstraction. For
istry of these reactions, evaluated from the NIST t4dBH, sake of clarity, it was therefore chosen as an example to
is especially favorable, these ions do not abstretcfrem perform calculations, as reported below.
methane Eq. (7).

3.3.2. Energy profiles for the reactions W®H,CH,NH3z™

*CHaCHpXH™ + CHg ¢ CH3CHoX* + *CH3 The calculated energy profile for the reaction of
(X = OH, OCHs, NH>) (7) *CHCH2NH3™ with methane is reported iRig. 3. Geo-
metries of the corresponding stable structures and transi-
However,*CH,CH,O(H)CHs* abstracts 1 from a va- tion states are shown ifig. 4, while the corresponding

riety of neutral reactants (GOH, GHsOH, CHCHO, energies are reported ifable 2 The interaction energy
CH30CHs, CH3OCoHs, CoH50C,Hs, (CH3)2CO) but the  jn the PCH,CHaNHs™, CHi] encounter complex? is
reactions are slow and in competition with the transfer of very small £ = —2.9kcalmott) while a high energy

ionized ethylene and, for neutral molecules having aPA (17,7 kcalmot! above7) is required for the M transfer

191 kcal mot?, with proton transfer. With deuterated neu- leading to the comple® [CH3CH,NHs*, *CHg]. TS 6/7

tral reactants, a substantial isotope effect (in the 2-5 range)jies 14.8 kcal mot? above the reactants energy, and there-

is observed. No Mabstraction takes place with acetonitrile. fore the reaction cannot occur, as experimentally observed.
The *CHCHyNH3™ ion reacts similarly, except that  The energy profile for the reaction 6CH,CHaNH3+

ionized ethylene transfer is never observed.aistraction  ijth dimethylether is showifFig. 5, and the corresponding

is the only reaction observed with2850H, CH;OCHg, structuresFig. 6. The corresponding energies are reported
CoHs0CoHs and HCON(CH),. The reactions are slow  Tgple 3

(e.g., Eff = 0.6% with ethanol and 2% with dimethylether).
This ion is totally unreactive towards acetonitrile.

When observed, H abstraction occurs at the radical _ o .

ite of the distonic ions. as shown bv CID studies of the Relative energies (in kcal mot) calculated at the MP2/6-31G* and mod-
Sl . o _y . ified G3(MP2) (see text) levels of the theory for the reactions with
protonated species obtained. For instance, in the reac-gimethylether of ionized ethylamine and fsdistonic isomer
tion of *CH,CHoNH3t with CoDsOCoDs (Eq. (8), the

Table 3

CHy,DCH,;NH3™ product-ion loses Nkl upon collision, AMP2 AG3(MP2)
giving G;H4D™ (m/z 30), while no GHs™ ion (m/z 29) CH3CHNH** + CH30CHs 0.0 0.0
is formed. This contrasts strongly with the reaction of the g:zggzs?f +C(|34H%OC%HE _195'2 _lgi
ethylamine molecular ion: Habstraction by this species is g AT DR :24:6 :21:5
shown by CID to occur exclusively at the nitrogen atom g _351 _293
(Eg. (9). Similar results are obtained with other distonic 10 -31.9 —25.7
ions. This shows that there is no appreciable interconver- TS 8/9 -39 —6.1
sion of thep-distonic ion and the corresponding molecular 12 gﬁg 1;"8 78':

ions or vice versa.
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Fig. 6. Geometries of stable structures and transition states for the H transfer from dimethylether to ionized ethylamine and to the B-distonic ion

*CH,CHoNH3t.

Interaction between *CH,CH,NHs™ and dimethylether
yields the very stable H-bonded complex [*CH,CHoNH3™
..~ O(CH3)2] 10 (Ei = —19.5kcal mol~1). The intermedi-
ate 9, which isthe same precursor for H® abstraction than that
obtained starting from ionized ethylamine, is obtained from
10 viathe TS 9/10 (Fig. 6) where the N-H-O angle and dis-
tances differ only slightly from those of structure 10. Thein-
termediate 9 is also highly stabilized (23.1 kcal mol ~1 under
the reactants energy) and corresponds to an H-bonded com-
plex between protonated ethylamine and the *CH,OCH3
radical. Its dissociation by simple cleavage yields protonated
ethylamine as final product (Fig. 5). The overall processis
exothermic by 6.9kcal mol—1.

In the transition state TS 9/10, the hydrogen to be trans-
ferred is amost in line with the donor carbon and the ac-
ceptor carbon. This transition state for H® transfer lies only
about 1 kcal mol~1 below the reactants energy, which is in
agreement with the slow rate (Eff: 2%) observed for the H®
abstraction reaction. Worth to note, starting from ionized
ethylamine, TS 8/9 lies 6 kcal mol 1 below the reactants en-
ergy, explaining the higher efficiency (10%) of the reaction.

It may be noted that no easy pathway was found by cal-
culation to catalyze by dimethylether the conversion of ion-
ized ethylamine into its more stable B-distonic isomer. A
first hypothetic pathway would be a direct 1,3-H transfer
8 — 10 (Fig. 5). Since TS 8/10 lies in energy more than
8kcal mol—1 above that of the reactants, this process cannot
occur. The second hypothetic pathway is a double H® trans-
fer 8 — 9 — 10 (Fig. 5) which is energetically allowed.
However, TS 8/9 and TS 9/10 both lie in energy above the
final state corresponding to the ssmple cleavage of 9 leading
to protonated ethylamine. Therefore, this pathway cannot be

effective for the isomerization reaction. This result isin co-
herence with the lack of experimental evidences: until now
no catalyzed reaction interconverting amolecular ion and its
B-distonic counterpart has been experimentally observed.

In conclusion, two factors enable the H® abstraction by
the *CH>CH,NH3 ™ ion from dimethylether: (i) the great in-
teraction energy of the encounter complex 10 which alows
reactions involving high energy barriersand (ii) the distance
between the hydrogen to be transferred and the radical car-
bon, which is not too large.

A similar potential energy profile (not reported here), in-
volving similar trends for energies and structures, is ob-
tained for the H® abstraction reaction of *CH>CHoNH3t
from ethanol.

The conditions outlined above are also fulfilled when the
neutral moleculeis diethylether or ethanol. In contrast, it can
be suggested that the linear structure of acetonitrile has for
conseguence that the hydrogen atoms of the methyl group
are very far from the radical carbon in the encounter com-
plex [*CHoCHoNH3™ - - - NCCHg], as well as in the struc-
tures obtained by closing the N-H-N angle, which makes
impossible the H® transfer.

3.4. H* abstraction from methane by an ionized carbene

Several recent articles deal with the reactions of ionized
carbenes with neutral molecules[31-33]. More particularly,
it has been recently shown that ionized carbenes, such as
HO-C-OH** and HO-C-NHy**, react with akanes [33].
For example, HO-C-NH,** abstracts H* from methane,
propane and isobutane (Eq. (10)). With CH4 the reaction
is very slow (Eff = 0.2%) while the reaction with CD4
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Fig. 7. Potentia energy surface diagram and corresponding structures for the H transfer from methane to the ionized carbene H,NCOH®*. Energies
(ESggk) in keal mol 1, relative to the entry point (HoNCOH®* + CHy), were obtained at the G3(MP2) level of the theory.

(0.05%) indicates an important isotope effect. The rate con-
stant is higher with propane (35%) and isobutane (50%).

HO-C-NH,** 4+ CH;y — HO-CH-NH," 4+ *CH3  (10)

Calculations indicate that interaction between the ion-
ized carbene and methane may yield the two electrostatic
complexes 11 (E; = —8.7kcamol~1) and 12 (E; =
—2.1kca mol—1), as shown in Fig. 7.

In 11, the shift of the bridging hydrogen to the car-
bene moiety leads to 13 which is a shallow minimum and
further evolves towards 14 without a significant energy
barrier. The complex 14, which is strongly stabilized (E; =
—19.0kca mol~1) by an interaction between the charged
hydroxy! group and the methyl radical, yields the fina state
(HO-CH-NH2™ + *CHg) by simple cleavage. In the tran-
sition state TS 11/13, the donor carbon and the acceptor
carbon arein line with the hydrogen to be transferred, which

Table 4

Relative energies (in kcal mol 1) calculated at the MP2/6-31G* and mod-
ified G3(MP2) (see text) levels of the theory for the HO-C-NH,**/
methane system

AMP2 AG3(MP2)
HaNCOH*+ + CHy 0.0 0.0
HoNCHOH™ + CH3® —95 —12.0
11 -55 -87
12 -35 —21
13 —14.7 —15.0
14 -19.2 —-19.0
TS 11/13 4.7 -0.2

is still borne by the methane molecule. TS 11/13 possesses
almost the reactants energy, making the reaction very slow.
The calculated energies of these structures are reported
Table 4.

4, Conclusion

The usually large exothermicity of the H*® abstraction
leads to early transition states in the complexes with
methane. Therefore, the low efficiency of the reactions is
more linked to two factors: the lack of available internal
energy in the complex, due to the weak interaction between
the ion and methane, and the requirement for a strong
conformation change bringing the hydrogen atom in a con-
figuration suitable for H transfer. The first criterion explains
the differences in the reactions with methane of ionized
methanol or ionized ethylamine, as well as in the reactions
of *CH>CH>NH31 with methane or ethers.

The second criterion explains the difference in reactivity
between the different ions under consideration. In the case
of ionized molecular ions, where the charge site and radi-
cal site are the same, the geometry of the most stable en-
counter complex is closeto that of the transition state. In the
case of the a-distonic ions, such conformations do not exist
for alkanes. The case of the carbene ion is more intrigu-
ing: although formally the charge and radical sites are both
on the carbon atom, it has already been observed that the
X—C-OH** carbeneions behave more as proton donors than
as electrophiles. Our results agree with these observations.
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Finally, related to the second criterion, the structure of
the neutral reactant could play an important role, as alinear
molecule, such as acetonitrile, does not behave like similar
H* donors.
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