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The reactions between Niand glycine in the gas phase have been investigated both by means of mass
spectrometry and B3LYP density functional calculations. The—fiNycine]" adduct is formed in the ion

source. The structure of several coordination modes 6ftbliglycine have been determined at the B3LYP

level. Calculations have shown that the ground-state structure is a bidgA#st®© one in which the Nf

cation interacts with the nitrogen atom and the carbonyl oxygen. The MIKE spectrum of thgljiine]"

ion has also been analyzed and shows that the most important fragmentation corresponds to the loss of water.
Other fragmentations are observed to a minor extent, namely loss of CO or loss,0t.CHie possible
mechanisms leading to these fragmentations have been studied at the B3LYP level. Among all of the
mechanisms studied, the most favorable one starts with the insertion of theetial cation into the €C

bond of the most stablg?-N,O structure.

Introduction of computational methods we can elucidate the reaction paths
that lead to the observed fragmentations. This combined
éheoretical and experimental approach has been applied suc-
cessfully in the past few years in our research group to other

to the importance of such systems in several fields. For example,metal cationized systems involving small bases of biochemical

transition metal cation complexation of neutral molecules can Significance™
induce important activation effects, which, under mass spec- Glycine is the simplest amino acid and a suitable model to
trometry experiments, lead to specific fragmentations that can investigate its interaction with transition metal cations, both from
provide structural information of the neutral molecules. In experimental and theoretical points of view.
particular, in recent years, transition metal cationization has The interaction of different metal cations with glycine and
proven to be a very useful tool for the elucidation of the primary other amino acids has been studied by several authors from an
structures of protein:® The amino acid sequence of peptides experimental point of view! 1% Harrison and co-workers have
can be obtained analyzing the fragmentations induced by studied the fragmentation reactions of several” Gmd Ni*
transition metal cationization in peptides. cationized amino acids prepared by fast atom bombardment
On the other hand, complexes of transition metal cations and (FAB).1314 The major fragmentations observed involved the
different biomolecules play an essential role in many biological elimination of CO, HO, and CHO, in different proportions,
processes. In particular, interaction of transition metals and depending on the amino acid and the metal cation studied.
amino acid residues takes place in several processes such agoppilliard and co-workers have reported studies of the forma-
dioxygen transport or electron transfdn this context, the study  tion and fragmentation of the complexes of NCut, Co* and
of the interaction of transition metals and amino acids, which FeCI- with several amino acids in plasma desorption mass
are the constituents of the peptides, is a topic of high interest. spectrometry (PDMS}E26 In particular, they have studied the
The gas-phase study of the metal cation-biomolecule com- fragmentation of the [Niglycine]™ system. In their PDMS
plexes helps us to understand their intrinsic properties such aseyperiments, the base peak of the spectra corresponds to the
the local interactions that take place between the metal cationjmonium ion (z = 30) whereas the most abundant organo-
and the biomolecule, without the presence of the solvent or netallic fragment corresponds to the loss of Okl Lei and
counterions. The study of these intrinsic interactions and pmster have studied the reactions offfend Cd- with the 20

properties by combining both mass spectrometry experiments ommon amino acids by means of laser desorption/chemical
and ab initio theoretical methods can provide us a deeper insight;yization Fourier transform mass spectrométry.

into the knowledge of the biological processes that involve metal Previous theoretical studies have analyzed the structure of

cations. lycine cationized with alkali metal catiof$3 and copper
Theoretical methods allow us to know the cationization site gg{ions Cd and Cd) 212223However. to our knowled Zpthe
and the structure of each fragment observed in mass spectrom; ( )- ’ ge,

etry experiments. In addition, the theoretical calculations can frta%r_n(ejnttahtlon (t)'f rTIetaIMcatmnlzed anglndo aﬁ'ds has T‘d"t btehen
provide the accurate determination of some relevant magnitudesfSu 1€ eoretically. Moreover, nobody has consider the
such as enthalpies or complexation energies. Finally, by mean

The study of the interaction of transition metal cations with
organic and bioorganic compounds in gas phase has been th
subject of considerable attention during the past yearue

interaction of Ni- with amino acids from a theoretical point of
view. The Ni* cation is an open shell system with & @D)
t Laboratoire Analyse et Environnement. ground state. This fact makes the theoretical studies more

* Universitat Autonoma de Barcelona. complex than for other closed shell cations such as @& .
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For these reasons, we have considered of interest the study Ofees ss Ni*
the gas-phase chemistry of the fNilycine]" system. 98 / .
. . f L. [H,glycine] .
In this paper we first study the unimolecular decomposition - [Ni,glycine]*
process of [Ni-glycine] by means of mass-analyzed ionic Z:—
kinetic energy spectroscopy (MIKES). The [Njlycine]" ion 50 ,
is obtained first in a fast atom bombardment (FAB) ion source. 4]
The recorded spectra show that fNjlycine]t undergoes 38,
fragmentation by several distinct pathways, the most important ee-
peak corresponding to the loss of aBimolecule. 1o o g Y8 1P 18 ‘Ts
The complete interpretation of the reactivity requires a reliable - g—lggla . a0

description of the potential energy surface (PES) of the systemrigyre 1. FAB spectrum of glycine dissolved in a matrix of
in terms of local minima and transition states connecting them. thioglycerol containing NiSQ

Thus, we have studied theoretically the possible modes of

coordination of Ni to glycine along with the possible pathways CCSD(T) results. On the other hand, recent studies on the
of the decomposition that lead to the experimentally observed conformational behavior of glycine and other amino a¥icfs
fragments. Energies, geometries, and vibrational frequencies ofhave shown that the B3LYP method provides structural
the different investigated species have been determined usingparameters that are very similar compared with MP2 and

the B3LYP density functional method. vibrational frequencies and intensities that are in excellent
) _ agreement with the experimental data.
Experimental Section Geometry optimizations and frequency calculations have been

The mass spectrometric measurements were recorded on #erformed using the following basis set. The Ni basis set is a
double-focusing ZAB-HSQ mass spectrometer (Fisons Instru- [88 4p 3d] contraction of the (14s 9p 5d) primitive set of
ments) of BEqQ configuratiéA(B and E represent the magnetic  Wachter#® supplemented with two diffuse p and one diffuse d
and electric sectors, q is a collision cell consisting of a rf-only function The final basis set is of the form (14s 11p 6d)/[8s
quadrupole, and Q is a mass selective quadrupole). This mas$P 4d]. The C, N, and O basis set is the (9s 5p)/[4s 2p] set
spectrometer is equipped with a FAB ion source using the developed by Dunninff) supplemented with a valence diffuse
following conditions: accelerating voltage 8 kV, neutral xenon function (s, = 0.0438 for carbongs, = 0.0639 for nitrogen,
beam of 7 keV, and neutral current 6fL0 A. Glycine was andasp = 0.0845 for oxygen) and one d polarization function
dissolved in a thioglycerol matrix to which a few drops of a (& = 0.75 for carbono. = 0.80 for nitrogen, and. = 0.85 for
saturated aqueous Nig6olution were added. A few microliters ~ 0Xygen). For H, the basis set is the (4s)/[2s] set of Dunfiing,
of the resulting mixtures were transferred onto the FAB probe Supplemented with a valence diffuse functiegy= 0.036) and
tip. ap polgrlzanon func_tlon. This basis set is referred'to asbb5

The unimolecular reactions of the mass selected organo-(d; p) in the Gaussian 98 prograthHereafter, this basis set
metallic ions, corresponding to [glycini*] metastable ions, ~ Will be referred as Basis 1.
which take place in the second field-free region (second FFR)  Single-point calculations at the B3LYP level have been
behind the magnet, were studied by mass-analyzed ion kineticcarried out using a larger basis set. The Ni basis set is augmented
energy (MIKE) spectroscopy. This technique consists of focus- by & single contracted set of f polarization functions based on
ing the relevant ion magnetically into the second FFR and @ three-term fit to a Slater type orbitélwhich leads to a (14s
detecting the products of spontaneous fragmentations by scan11p 6d 3f)/[8s 6p 4d 1f] basis set. This enlarged basis set for
ning the electrostatic analyzer, E. The MIKE spectra were the metal is combined with the 6-31G(2df, 2p) se¥ for the

recorded at a resolving power 6f1000. rest of the atoms. This enlarged basis set will be denoted as
Basis 2.
Computational Details To analyze the nature of the bonding, natural bond orbital

(NBO) analysis of Weinhold and Carpenter has been ¢&ed.

Full geolmeitrty optlrp;ﬁatl(?fr;s an;j harmonlc dV|brat|ongl fr?- All B3LYP reported calculations have been carried out with
quency calculations of the different species under consideration,o &, ssian 98 prograth.

have been performed using the nonlocal three parameter hybrid
exchange B3LYP density functional meth&dlo identify the
minima connected by a given transition state, we have carried
out intrinsic reaction coordinate (IRC) calculations at the same  Unimolecular Reactivity of the [Ni—Glycine]* lon. Fast
level of theory. The B3LYP method has proven to provide atom bombardment of glycine dissolved in a matrix of thioglyc-
accurate results for many transition-metal-containing syster#s. erol containing NiS@produces abundant [Niglycine]t adduct

In particular, the adequacy of this method for the study of at m/z = 133. It is worth noting that although the oxidation
different metal catiortligand systems has been shown in several state of the Ni atom in the salt was2, only Ni* adducts were
paperg:10.21.2231Fgr several small compounds, the B3LYP obtained under FAB conditions. This implies the reduction of
method has been shown to provide metal cation affinities that the metal cation from Ni* to Ni*. This has been reported
are in good agreement with experimental d&t#:3?Recently, previously by other author8.Besides [Ni-glycinel", the mass
Luna and co-workef8 have studied a wide set of small systems spectrum shown in Figure 1 indicates that other species such
using CCSD(T), B3LYP and G2-based methods. They have as protonated glycine at/z = 76 are observed.

found the G2 and the G2(MP2) methods to fail dramatically =~ The unimolecular decomposition of the [Njlycine]" adduct
when trying to reproduce Cubinding energies. However, the  has been investigated, and the MIKE spectrum is shown in
B3LYP method yields Cti binding energies in fairly good  Figure 2. The spectrum shows different fragmentations of the
agreement with the experimental values. Moreover, a previous[Ni —glycine]" ion. The major fragmentation corresponds to its
study on similar metal catienglycine system® has shown that  dissociation to produce an [NiC,NOH;z] ™ ion resulting from

the B3LYP energy barriers reproduce reasonably well the the elimination of HO atnVz = 115. This is the base peak of

Results and Discussion
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Figure 2. MIKE spectrum of the [Ni-glycine]" complex atm/z 133.
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the MIKE spectrum. Besides this fragmentation, the -{Ni
glycine]" ion shows other remarkable losses, namely that of
CO atm/z = 105 (17%) and ChkD, at Mz = 87 (7%).

To clarify which hydrogen atoms are involved in the loss of

deuterated glycine [Np+CD,—COOH]. The obtained MIKE
spectrum is very similar to that obtained previously. Again, the
base peak of the spectrum, atz = 117, corresponds to the
elimination of HO, thus indicating that the hydrogen atoms
involved in this fragmentation are those of the OH and,NH
groups. The same trend is observed in the elimination oiGzH
atm/z = 89 (6%).

To rationalize these experimental findings we have studied,
by means of the B3LYP method, the most important features
of the [Ni—glycine]" potential energy surface. First, we have
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Figure 3. B3LYP optimized geometries for the different minima of

the [Ni—glycine]" complex. Distances are in A, and angles are in

degrees.

TABLE 1: Relative Energies of the Different Structures of

the [Ni—Glycine]* Complex (in kcal/mol)

considered the possible coordination modes of tdiglycine. structure B3LYP/basis 1 B3LYP/basis 2

Second, we have explored the stationary points of the possible 7-N,0 (1) 0.0 0.0

mechanisms leading to the experimentally observed fragments.  ,2.N 0 (2) 6.5 58
Coordination Modes of the [Ni—Glycine]* Complex. The 7%-N,OH 12.4 12.6

relative stability of the different conformational isomers of 70,0 (CQ) 13.9 14.2

glycine has been studied extensively. The starting structures ’71:8 8% %g'g ;gg

involve coordination of Nf on the different electron-rich sites Zl_o 3) 339 33.0

of glycine while retaining hydrogen bonding in glycine as much 7N (1) 215 21.3

as possible (as intramolecular hydrogen bonds are responsible  #'-N (2) 24.8 25.0

for the stability of amino acids). The zwitterionic structure of
glycine is not a minimum on the potential energy surface; structurey?-N,O (2), corresponds to the same coordination but
however, the strong ionic interaction between™Nind the with a trans carboxylic group instead of cis. The energy
negatively charged end of the zwitterion could stabilize this difference of these two structures is in agreement with the energy
form. Because of that, we have also considered the coordinationdifference between similar structures involving a cis or a trans
of Nit to zwitterionic glycine. Most of these structures have carboxylic group, for example in the most stable conformer of
already been considered in previous studies on cationizedglycine where the difference is 5.6 kcal/mol at the B3LYP/
glycine20:21.22 D95++(d, p) level. This structure lies 6.5 kcal/mol above the
Figure 3 shows the obtained minima for the figjlycine]* most stable one. Thg?-N,OH andy?-O,0(CO,—) structures
adduct. Among all of the possibilities considered, only these lie very close in energy (12.4 and 13.9 kcal/mol above the
structures have been characterized as minima. The computedyround-state structure respectively, at the B3LYP/Basis 1 level)
relative energies of the different isomers are shown in Table 1. and correspond to the Niinteracting with the nitrogen atom

It can be observed in Figure 3 that five structures h&ye
symmetry and four structures ha@esymmetry. For all of these
C,; symmetry cases, the correspondi@gstructure has been
computed to be a transition state connecting two equivaent
isomers. In all cases the distortion of tRk structures with
respect to the correspondin@y structures is small, the energy
difference being smaller than 0.2 kcal/mol at the B3LYP/Basis
1 level.

The most stable structurg?-N,O (1), corresponds to the
metal cation interacting with the nitrogen atom and with the
carbonyl oxygen. This structure is almost planar and implies
the formation of a five-membered ring. The same structure was
found to be the most stable in the case of"€t?2and in the
case of the alkali cations tiand Na.2° The second most stable

and the hydroxyl oxygen (structug-N,OH) and to the Nf
interacting with both oxygens of zwitterionic glycine (structure
7-0,0(C0O,—)). The remaining five structures lie higher in
energy (more than 18 kcal/mol) above the most stable one,
including structurey!-O (1) (18.0 kcal/mol), which was found

to be approximately of the same energydsN,OH and#n!-O
(CO2—) in the case of [Cuglycinel"™. This structure corre-
sponds to the interaction of Nivith the COOH group of neutral
glycine.

Several factors can determine the relative energy of these
structures, the main ones being the electrostatic interaction, the
metat-ligand repulsion, the charge transfer, the polarization of
glycine due to the metal cation and the relative energy of the
glycine conformer in the complex with regard to the most stable
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TABLE 2: Natural Population Analysis: Net Atomic
Charge and Spin Density of Ni

structure charge spin
7?-N,O (1) .82 .92
7?-N,0 (2) .83 .92
7?-N,OH .83 .92
7?-0,0 (CQ") .84 .93
n*-0 (1) .89 .97
7n*-0 (2) .90 .97
n*-0 (3) .92 .97
7N (1) .85 .97
n*-N (2) .85 .97

TABLE 3: Different Contributions to the Total Interaction
Energy of (+)—glycine (see text).

E=
structure Eqit Eelec Epol Eqit + Eclect Epol AE?
7%-N,O (1) 7.8 —60.5 —33.8 —86.5 0.0
7?-N,O (2) 144 —-60.5 -—-33.6 —-79.7 6.8
7?-N,OH 70 —-49.4 327 —75.1 11.4
7?-0,0 (CQ) 249 -675 -27.6 —70.2 16.3
n*-0 (1) 3.1 —47.0 -23.2 —67.1 194

a AE are relative energies (in kcal/mol).

structure of glycine. To gain further insight into some of these
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similar (2.110 and 2.042 A), in such a way that glycine acts as
a bidentate ligand. All attempts to locate a monodentate structure
in the [Ni—glycine]t have led to the bidentate one. This behavior
of [Cu—glycine]™ was attributed to the fact that Cuwhich
has a & ground-state electronic configuration, prefers an
unsymmetrical interaction in order to minimize repulsion
between its occupied d shell and the lone pairs of oxygens. Ni
has a 8 configuration, and the ground electronic state offNi
glycinel" is a2A’ state, the open shell lying on the symmetry
plane. Thus, metalligand repulsion is smaller for Nithan for
Cu' and so, in the case of [Niglycinel", the electrostatic
interaction between the metal cation and the oxygens of the
COO group in the zwitterionic structure compensates the
metal-ligand repulsion, favoring the symmetrical position of
the Nit cation.

The remaining structures lie higher in energy and were not

factors, the binding energy of glycjne to a point cha.rge has beenconsidered in the study of [Gtglycine]*. Structuresy?-O (2)
computed for each coordination in three steps. First, we have and -0 (3) correspond to the interaction of Niwith the
computed the energy difference between the glycine unit in the COOH group of neutral glycine. However, these cases differ

complex and glycine in its ground-state structlg:). Second,

from structuren®-O (1) in the sense that ip!-O (2) andy*-O

we have computed the energy lowering of the deformed glycine (3) there is no intramolecular hydrogen bond in the glycine unit.

in the presence of a single point charge without allowing
electronic relaxation, that is, the electrostatic interacttyg.
The point charge is placed at the metlidjand distance. Finally,
we have allowed the electronic relaxation of glycine, to obtain
the polarization termHyo). Using this point charge model,
Bertran et af? have shown that the energy ordering of the
different conformers in [Cuglycine]t can be understood in

Structuresp’-N (1) and 5*-N (2) correspond to the metal
interacting with the nitrogen of two different isomers of neutral
glycine.

It can be observed in Table 1 that the use of a larger basis
set does not produce important changes in the computed relative
energies of the different structures.

The calculated Ni—glycine binding energy, 84.6 kcal/mol

terms of the these three contributions, the charge transfer beingat the B3LYP/Basis 1 level and 83.2 kcal/mol at the B3LYP/
almost constant in all cases. Moreover, they pointed out that Basis 2 level, is somewhat larger than the binding energy
the observed deviations in the relative energies of the different computed for Cti—glycine, 75.2 kcal/mol at the B3LYP/Basis

isomers between the [Ctglycinel” and the point-charge
glycine systems were probably due to small changes in metal
ligand repulsion.

1 level. This is not surprising considering that the metajand
distances are smaller in [Nglycine]", due to the smaller
metak-ligand repulsion and thus, the electrostatic interaction

The Ni* net charges shown in Table 2 indicates that charge is larger.

transfer is almost constant for all the isomers, as found in the

case of [Cu-glycine]". Table 3 shows the different contributions
to the binding energy of glycine to a point charge for the five

Reactivity of [Ni—Glycine]™ Adducts. As shown previously,
the major fragmentation observed in the MIKE spectrum
corresponds to the loss oL8. Other fragmentations, observed

most stable coordinations. As expected, the polarization termin a much smaller proportion, correspond to the loss of CO,
is larger for the structures where the point charge interacts with CH,0,, and H. In the present work, we have not focused our

the amino group, due to the larger polarizability of the nitrogen

attention into the H fragmentation. The MIKE spectrum

atom, and the largest electrostatic term corresponds to theobtained using deuterated glycine shows that the hydrogen atoms
zwiterionic structure. It can be observed that the computed involved in the fragmentations come from the amino and
relative energies using a point charge reproduce quite well the hydroxyl groups. Thus, to obtain the fragmentation of a water

relative energies of the [Niglycine]" system. It should be noted
that the deviations are smaller than in the case of{@ycine]",
indicating that the variation in metaligand repulsion between
the different structures is smaller in [Nglycine]" than in [Cu-

molecule, a hydrogen atom has to be transferred from the amino

group to the hydroxyl group of glycine. This reduces the number

of possible mechanisms involved in the observed fragmentations.
First of all, the reaction can start with the insertion of the

glycine]". For these reasons, we can conclude that the differ- Ni* metal cation into the €C bond of the most stabig?-N,O

ences in the relative energies of [Nilycine]" can be explained

(1) structure, as proposed previously by several autfoi&for

in terms of the electrostatic and polarization energies and theother metal cationized amino acid systems. This possible

relative stability of the glycine conformer involved in the

complex with respect to the most stable structure of glycine.
The main difference between Cwand Nit is found in the

7%-0,0(CO,—) structure. That is, while for [Cuglycine]" the

two Cut—O distances are very different (2.943 and 1.897 A),

for the Nit complex the two Nf—O distances are much more

mechanism is shown in Scheme 1. After theCinsertion of

the metal atom, a hydrogen atom can migrate from the NH

group to the OH group through Ni-H formation, leading to a

complex that can be a precursor for the loss gdtr/and CO.
The second possible pathway can start with the insertion of

the metal atom into the €OH bond of thep?-N,OH structure
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SCHEME 2 mechanism which originates from the insertion of the metal
HN cation into the G-C bond of the most stablg?N,0 (1)
Nt o o, ol TNTOMe structure. It can be observed that all of the computed transition
HaN “/OH . Hz’“\""’,““ . H?,"—--Nif‘OHQ / states and final dissociation products lie below the reactants.
HL—C HZC—C\\O o, 70O b M r—co The transition stat& S1 connects thg?-N,O (1) structure with
TE oy the Ni inserted specigSC1, which is 40.7 kcal/mol above the
SCHEME 3 112.-N,O Q) structure. This species can easily evolve. through a
Ni—C rotation to theCC2 structure. It should be noticed that
H the Ni* insertion into the &C bond of thep?-N,OH structure
AN HIC o OHe H,0 /”\ yields the sam&C2 isomer. Thus, thgy>-NOH structure can
HO—C T Ho—C = me—g also be a precursor in this mechanism.
O N Om=-Ns O -nis Starting from isome€C2, two distinct pathways are possible.
The first one|l, corresponds to a direct transfer of a hydrogen
N, on T o Ne atom from NH to the carbon atom of the COOH group, Ie_ading
wo—d  —= o foo W to a very stable complex—82.5 kcal/mol) noted a€C4 in
% TN HZC/_\C Figure 4. This step takes place through a transition st&&&,

which is only 1.4 kcal/mol lower in energy than the reactants.
TheCC4 isomer is a dicoordinated complex and can dissociate
as shown in Scheme 2. After Ninsertion, this path can lead to produce Nf—CHNH, + HCOOH without barrier in excess.
to the same complex as the previous one. The third possibility To confirm this fact, the Nt-O distance was scanned from its
involves noninsertion mechanisms. A hydrogen atom can be value in the equilibrium conformation @C2 to a sufficiently
transferred from the Njigroup to the hydroxyl group in the  long distance. This calculation confirms that no barrier in excess
710 (3) andx-N (2) structures, as shown in Scheme 3. The exist for such a dissociation.
complexes obtained after the hydrogen transfer can dissociate The second possibility] , involves a hydrogen transfer from
into HO + [Nit—OCCH,NH]. the NH, of CC2 to the hydroxyl oxygen. All attempts to locate
To gain some insight into the possible mechanisms associateda transition state for a direct transfer have failed: all of the
with the observed fragmentations, we have explored the tested structures have collapsed either to the transitions&te
corresponding potential energy surface (PES) by means of theor to the CC4 minimum. Moreover, any minimum with the
density functional B3LYP method. In all of the reported hydrogen attached to the Ni atom, as proposed in Scheme 1,
calculations, the energy corresponding to the ground statehas been found. Thus the migration of the hydrogen atom
reactants Ni + glycine has been taken as reference. involves a pathway with several steps. First of @2 evolves
C—C Insertion Mechanism. Figure 4 shows the obtained to CC3through a barrier of 8.5 kcal/mol. It can be observed in

C-C insertion
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Figure 4. Schematic representation of the potential energy surface associated with the unimolecular reactionglpfifidi” starting with the
Ni* insertion in the G-C bond of they?-N,O(1) structure. Relative energies are in kcal/mol. Energies computed at the B3LYP/Basis2 level are
shown in parentheses.
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Figure 5. Schematic representation of the potential energy surface associated with the unimolecular reactionglpfifidl]" starting with the
Ni* insertion in the G-OH bond of thep?-N,OH structure. Relative energies are in kcal/mol. Energies computed at the B3LYP/Basis2 level are

shown in parentheses.

Figure 4 that in theCC3 isomer the CG-OH bond has been

the other hand, other mechanisms can contribute to the loss of

broken and both moieties, CO and OH, are now directly attached H,O as will be discussed later.
to the metal atom. The transfer of the hydrogen atom becomes C—O Insertion Mechanism. Figure 5 shows the computed

now more easy and takes place through the transition &de
with a barrier of 6.1 kcal/mol, leading to the ison@€5. This
complex is the global minimum of the potential energy surface
being 87.4 kcal/mol below the reactants. In this isomet, iNli
tricoordinated to HO, CO and CHNH and, therefore, a
reductive elimination can produce either the loss gdHr the
loss of CO leading to the produc&C6 + H,O andCC7 +

mechanism (reaction pathl ) obtained when the Ni metal
cation inserts into the €OH bond of the?-N,OH structure.

It must be taken into account that this structure lies 12.4 kcal/
mol above the most stablg-N,O(1) one. The insertion of the
metal cation produces th€O1 complex through an energy
barrier of 40.1 kcal/mol. Th€OL1 species is 44.3 kcal/mol more
stable than the reactants and the Ni atom forms a four member

CO, respectively. These dissociations are energetically favorablering with the nitrogen atom and the two carbon atoms. One of

by 64.3 and 63.7 kcal/mol, respectively, with respect to the
reactants.

the hydrogen atoms of the Nigroup of CO1 is then transferred
to the metal cation to lead to a tetracoordinated complex noted

As a summary of this mechanism, some features have to beCO2. The transition state connecting both minima &6 which

pointed out. First of all, it can be observed in Figure 4 that all

is 11.1 kcal/mol below the reactants. A 1,2-hydrogen transfer

of the studied fragmentations are exothermic. However, the connects minimaCO2 and CC5, the same complex found in

dissociation of the initial adduct to produce ™NiCHNH, +
HCOOH (reaction path) implies a very high energy barrier
with a transition state being only 1.4 kcal/mol below the

reaction pathl. The transition statdS7 that connects these
two minima with an energy barrier of 11.1 kcal/mol, is 17.6
kcal/mol below the reactants. Thus, this reaction path is also

reactants. Moreover, this dissociation limit is less exothermic thermodynamically accessible and leads to the same products

than the formation o€C6 or CC7 by more then 20 kcal/mol.
These facts explain the small abundance of-NCHNH,

than reaction pathl , CC6 + H,O andCC7 + CO. However,
reaction patHll is considerably less favorable due to its high

detected in the experiments compared to the loss of waterenergy barrier.

product.

Pathwayll is much more favorable energetically and leads
to the formation of the most exothermic products, nan@B6
+ H,O andCC7 + CO. However, the energy gap between both
dissociation limits does not explain by itself the difference of

Noninsertion Mechanisms.Finally, we have explored the
mechanisms involving a 1,4-hydrogen transfer in 4ieN(2)
andn®-O(3) structures (reaction patii¢ andV, respectively).
These mechanisms are shown in Figure 6. All attempts to locate
a complex with the hydrogen atom transferred to the hydroxyl

the intensities between the corresponding peaks observed in thexygen have failed because in all cases th&® Hnolecule

MIKE spectrum. This difference can also be due to other

dissociates yielding{l1 + H,O in the case off'-N(2) andNI2

reasons. It can be observed in Figure 4 that the reorganization+ H,O in the case off’-O(3). It can be observed in Figure 6

in the isomerCC5 after the loss of KO to yield CC7 must be
much easier than the reorganization needed to y&&Id. On

thatNI2 is somewhat more stable th&l and thusNI1 will
probably evolve tdNI2 leading both mechanisms to the same
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Ni*-Gly Ni*-Gly contribute to the loss of water, for example noninsertion
2000 17(:28) 2000 mechanism such a¥ andV. Although these two pathways
SIS0 are less favorable energetically thinor Il , they take place
Lo A in only one step. Thus, if we would introduce dynamical aspects,
C7 o L5224 4306 T+ & . . . . .
SZ“\“‘“J( \ {M which are not taken into account in this study, these mechanisms
,7@;. L e could contribute significantly to the loss of water peak.
1451 o
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