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The fragmentation reactions of a number of a2 ions ([M-H-CO2]-) derived from dipeptides have been studied
by energy-resolved mass spectrometry, isotopic labeling, and MS3 experiments. The general reaction sequence

H2N-CH(R1)-C(dO)-N(R2)-CHR3
- f -HN-CH(R1)-C(dO)-N(R2)-CH2R3 (1)

-HN-CH(R1)-C(dO)-N(R2)-CH2R3 f R3CH2-N(R2)-CdO- + HNdCHR1 (2)

R3CH2-N(R2)-CdO- f R3CH2-N(R2)
- + CO (3)

leading eventually to a deprotonated amine, is shown to occur, a reaction sequence first proposed by Styles
and O’Hair (Rapid Commun. Mass Spectrom. 1998, 12, 809) from a study of the a2 ion derived from
glycylglycine. When an amidic hydrogen (R2 ) H) is present, the initial proton-transfer reaction 1 is
nonreversible. However, when there is no amidic hydrogen, as in the a2 ions derived from H-Ala-Pro-OH
or H-Gly-Sar-OH, the initial proton-transfer reaction 1 becomes reversible, leading to the interchange of
N-bonded and C-bonded hydrogens. Ab initio calculations at the MP2/6-31+G(d) level of the energies and
interconversion pathways of anions derived by deprotonation of glycineN-methylamide show a barrier of 8
kcal mol-1 for reaction 1, with reaction 2 being 23.8 kcal mol-1 endothermic. When an amidic hydrogen (R2

) H) is present, the amine-deprotonated species formed in reaction 1 abstracts a proton from the amide
nitrogen to form the amide-deprotonated species, the most stable species on the potential energy surface. The
system effectively becomes trapped in this low-energy well and exits upon activation by reactions 2 and 3 as
observed when glycineN-methylamide is deprotonated directly. When no amidic hydrogen is present, this
low-energy state does not exist, and reaction 1 becomes reversible, leading to the interchange of N-bonded
and C-bonded hydrogens. In these cases, a significant population of the original a2 ion is formed, which
fragments by the reaction

H2N-CH(R1)-C(dO)-N(R2)-CHR3
- f H2N-CH(R1)-CdO- + R3CHdNR2 (4)

Introduction

Tandem mass spectrometry of protonated peptides has proven
to be a useful method for determining the amino acid identities
and sequences for peptides.1-4 As a result of many studies, the
main features of the fragmentation of protonated peptides have
been elucidated in a general way.5,6 A number of recent studies
have been directed toward a more detailed understanding of
fragmentation mechanisms and fragment ion structures; these
studies have been summarized in four recent review articles.7-10

On the other hand, much less is known concerning the
fragmentation of deprotonated peptides, and much of the
information that is available derives from high-energy collision-
induced-dissociation (CID) studies of small deprotonated
peptides,11-22 although Beauchamp and co-workers23 have
explored the threshold dissociation reactions of a number of
deprotonated peptides by Fourier transform/ion cyclotron reso-
nance methods. With the exception of large acidic peptides,
where multiple deprotonation occurs,24-27 no species larger than
deprotonated tripeptides have been studied.

A recent paper from this laboratory28 reported a detailed study
of the low-energy CID of the [M-H]- ions of a number of di-
to pentapeptides containing H or alkylR-groups. Significantly
greater sequence-specific fragmentation was observed in the
low-energy CID studies than was observed in previous high-
energy CID studies.16 Modifying the nomenclature used for
protonated peptides,5,6 the fragmentation reactions observed are
summarized in Scheme 1. An additional reaction observed for
an ions ([M-H-CO2]-) involved elimination of the N-terminal
amino acid residue. Thus, a3 ions derived from tripeptides
eliminated the N-terminal residue, whereas a4 ions showed
sequential elimination of two amino acid residues from the
N-terminus. Exchange of the labile hydrogens for deuterium
showed that either a labile (N-bonded) or a nonlabile (C-bonded)
hydrogen was transferred in this elimination reaction. In 1998,
Styles and O’Hair29 reported that the [M-H-CO2]- (a2) ion
derived from diglycine also eliminated the N-terminal amino
acid residue. Reasoning from the results of15N-labeling, MS/
MS experiments, and ab initio calculations, they proposed the
reaction sequence illustrated in general terms in Scheme 2. The
present work reports a more detailed and extensive study of
the fragmentation of a2 ions using energy-resolved mass
spectrometry,30-32 MS3 experiments, isotopic labeling, and ab
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initio calculations. The present work extends the results of Styles
and O’Hair both in terms of experimental observations and in
terms of theoretical interpretation. In particular, the present study
shows that, in contrast to the results for larger an ions, where
either a N-bonded hydrogen or a C-bonded hydrogen can be
transferred in elimination of the N-terminal amino acid residue,
for a2 ions, specifically a N-bonded hydrogen is transferred in
elimination of the N-terminal residue. The reasons for this
specificity for a2 ions are explored by ab initio calculations.

Experimental Section

Collision-induced-dissociation (CID) studies were carried out
using an electrospray ionization/quadrupole mass spectrometer
(VG Platform, Micromass, Manchester, UK). It is well-
known33-35 that CID can be achieved in the interface region
between the atmospheric-pressure ion source and the quadrupole
mass analyzer, so-called cone-voltage CID. Further, it is
known36-38 that the average energy imparted to the decomposing
ions increases as the field in the interface region is increased,
and a number of studies39-42 have shown that, by varying the
field in steps, energy-resolved mass spectra can be obtained that
are similar to those obtained by variable low-energy CID in
quadrupole collision cells. The results of such studies are
presented in the following either as breakdown graphs express-
ing the percent of total ion abundance as a function of the cone
voltage, a measure of the field in the interface region, or as
CID mass spectra at a specified cone voltage.

Ionization was achieved by electrospray with the sample, at
micromolar concentration in 1:1 CH3CN/1% aqueous NH3,
being introduced into the source at a flow rate of 30µL min-1.
The electrospray needle was held at-2.5 to-3.0 kV. N2 was
used as both the nebulizing gas and the drying gas. The use of
1:1 CD3CN/1% ND3 in D2O resulted in exchange of all labile
hydrogens by deuterium and formation of the [M-D]- ion in
the ionization process; with N2 as the drying gas, no evidence
for back-exchange in the interface region was observed, although
such back-exchange did occur when air was used as the
nebulizing and drying gas.

MS/MS/MS experiments were performed using an electro-
spray-triple quadrupole instrument (Sciex API III, MDS Sciex,
Toronto). Fragment ions formed by CID in the interface region
were mass-selected by the first quadrupole stage and underwent
collisional activation in the radio-frequency-only quadrupole

collision cell, with analysis of the ionic fragmentation products
by the final mass-analyzing quadrupole.

All peptide samples were obtained from BACHEM Bio-
sciences (King of Prussia, PA). CD3CN (99.8 atom % D) and
D2O (99.9 atom % D) were obtained from Cambridge Isotope
Laboratories (Andover, MA), whereas the ND3OD (26% in D2O,
>99 atom % D) was obtained from CDN Isotopes (Pointe
Claire, Quebec, Canada).

Computational Methods

Input files were constructed using a standardized and modular
approach allowing for quick additions, removals, or rearrange-
ments of any constituent nuclei without the need for the entire
structure to be redefined. Therefore, any system can be modified
at any time to model a new system using the preoptimized results
both accurately and efficiently.

The initial peptide structures were first preoptimized with the
AM1 semiempirical method43 to quickly produce a working
model. Conformers were then formed through the numeric
manipulation of structural variables. Conformers were optimized
with the restricted Hartree-Fock ab initio method using the
3-21G and 6-31G(d) split-valence basis sets. In the final stages,
electron correlation was induced with the second-order Moller-
Plesset perturbation method,44 again using a split-valence basis
set, specifically the 6-31+G(d) level of theory. Convergence
criteria of 3.0× 10-4, 4.5× 10-4, 1.2× 10-3, and 1.8× 10-3

were used for the gradients of the RMS (root-mean-square)
force, maximum force, RMS displacement, and maximum
displacement vectors, respectively.

Multidimensional conformation analysis (MDCA)45 was used
to characterize the topologically probable set of structures for
each structure computed. Geometry optimizations were per-
formed on each conformer and run through all three levels of
theory in the above order. The input for each conformer made
use of the output geometry of the preceding level to formulate
the geometry for the next higher level. If a conformer failed to
satisfy a convergence threshold for any level of theory, the
implicated dihedral angle that fell outside the expected range
was reset to its ideal value for reoptimization.

Transition state structures were located and optimized through
use of the QST2 method,46 starting from the preoptimized
structures of the minima on either side of the first-order saddle
point. All structural minima and first-order saddle points were
characterized by vibrational frequency calculations to ensure
that each minimum had all real frequencies and that transition
state structures had one imaginary frequency.

Zero-point energies were computed and adjusted by an
appropriate correction factor of 0.967 for the MP2/6-31+G(d)
level of theory.47 The zero-point-corrected energies were then
combined with the total energies resulting from the geometry
optimizations. This method effectively raises the energy of each
structure, resulting in a more accurate energetic description for
each conformer and transition state computed. Qualitatively, the
results are not perturbed to a significant extent; however, theory
demands quantitatively precise evaluations of these energetic
profiles.

Vibrational scale factors do not differ very much at a given
level of theory when similar basis sets are compared. For
example, the conversion factor is 0.8953 at HF/6-31G(d) and
0.8970 at HF/6-31+G(d) level of theory. Similarly, at the MP2
level of theory, including both full- and frozen-core approaches,
the values range from 0.9370 to 0.9434 using three variants of
the 6-31G basis set.47 This difference, 0.9434- 0.9370,
represents a 0.64 cm-1 difference for a 100 cm-1 vibrational
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frequency and 0.0064 kcal mol-1 for every 1-kcal zero-point-
energy (ZPE) correction. For this reason, it seemed prudent to
use the correction value (0.967) used by Styles and O’Hair29

so that the comparison could be made more directly

Results and Discussion

Figure 1 shows the breakdown graph obtained by cone-
voltage CID for the [M-H]- ion of glycylglycine. The ionic
fragments are labeled in consistency with Schemes 1 and 2.
Primary fragmentation of the [M-H]- ion occurs to form the
y1 ion and the a2 ion (CO2 loss) as elucidated in earlier
studies.16,28,29The breakdown graph clearly shows sequential
fragmentation of the a2 ion to producem/z 58 ([CH3NHCO]-)
and m/z 30 ([CH3NH]-). The results are thus consistent with
the mechanism proposed by Styles and O’Hair29 and outlined
in general terms in Scheme 2.

A more detailed study was carried out for the [M-H]- (m/z
145) ions derived from H-Gly-Ala-OH and H-Ala-Gly-
OH. Figures 2 and 3 show the breakdown graphs obtained by
cone-voltage CID with the fragment ions again identified in
terms of Schemes 1 and 2. The CID mass spectra of the mass-

selected [M-H]- ions obtained at 3 eV center-of-mass collision
energy on the triple-quadrupole instrument are presented in
Table 1 and show the same fragment ions as observed in the
cone-voltage CID studies. Not unexpectedly, the y1 ion is more
prominent in the fragmentation of deprotonated H-Gly-Ala-
OH than it is in the fragmentation of deprotonated H-Ala-
Gly-OH because a more stable deprotonated amino acid is
formed. The a2 ions (m/z 101) fragment as indicated in general
terms by Scheme 2. Thus, the a2 ion derived from H-Ala-
Gly-OH shows fragmentation to [CH3NHCO]- (m/z 58) and
[CH3NH]- (m/z 30), whereas the a2 ion derived from H-Gly-
Ala-OH fragments to form [CH3CH2NHCO]- (m/z 72) and
[CH3CH2NH]- (m/z 44), although the initial B ion is more
intense in the former case than in the latter case. These reaction
pathways are confirmed by MS3 experiments on the respective
a2 ions at 3 eV center-of-mass collision energy. The a2 ion
derived from H-Ala-Gly-OH showed minor fragmentation
by loss of NH3 to give m/z 84 (13.0%) with the major
fragmentation route being the formation ofm/z 58 (B) (69.6%)
and m/z 30 (C) (17.4%), whereas the a2 ion derived from
H-Gly-Ala-OH showed formation ofm/z73 (presumably the
c1 ion) (14.5%) as well asm/z 72 (B) (20.1%) andm/z 44 (C)
(65.4%). It is clear that the B ion formed in the latter system
undergoes more facile loss of CO than does the B ion derived
from H-Ala-Gly-OH.

Further support for the general mechanism of Scheme 2
comes from deuterium labeling. Figure 4 compares the CID
mass spectrum of the [M-H]- ion of H-Ala-Val-OH with
the CID mass spectrum of the [M-D]- ion of the dipeptide in
which the labile hydrogens have been exchanged for deuterium.
As expected, the a2 ion specifically incorporates three labile
hydrogens, and the y1 ion incorporates one labile hydrogen as
observed earlier.16,28 The latter observation has been rational-

Figure 1. Breakdown graph for deprotonated Gly-Gly.

Figure 2. Breakdown graph for deprotonated Gly-Ala.

Figure 3. Breakdown graph for deprotonated Ala-Gly.

TABLE 1: CID of [M -H] - Ions at 3-eV Center-of-Mass
Collision Energy

ion
Gly-Ala

intensity (m/z)
Ala-Gly

intensity (m/z)

a2 36.6(101) 100(101)
y1 100(88) 31.1(74)
a2-NH3 22.8(84)
c1 19.1(73)
B 9.0(72) 61.9(58)
C 7.6(44) 9.7(30)

Fragmentation Reactions of a2 Ions from Dipeptides J. Phys. Chem. A, Vol. 106, No. 42, 20029697



ized16 in terms of proton transfer from the enolic position in
the carboxyl-deprotonated species and elimination of a neutral
ketene as outlined in Scheme 3. In support of Scheme 2, the B
ion (m/z 100, [i-PrCH2NHCO]-) and the C ion (m/z 72,
[i-PrCH2NH]-) both incorporate largely two labile hydrogens.
Similar results (not shown) were obtained for H-Ala-Gly-
OH and H-Gly-Ala-OH when the labile hydrogens were
exchanged for deuterium. The specific transfer of a N-bonded
hydrogen in elimination of the N-terminal amino acid residue
from a2 ions is in contrast to the results for elimination of the
N-terminal amino acid residue from a3 and a4 ions, where either
a N-bonded or a C-bonded hydrogen is transferred.28 The
spectrum in Figure 4 also shows loss of NH3 from the a2 ion,

resulting in the species withm/z 126; this is similar to the loss
of NH3 from the a2 ion derived from H-Ala-Gly-OH (see
above). The labeling results (Figure 4) show that mainly two
labile hydrogens are lost in this fragmentation process. Presum-
ably, this fragmentation involves remote loss of NH3 from the
N-terminus incorporating one hydrogen from the alkyl side
chain. The spectrum of Figure 4 also shows minor formation
of the c1 (m/z 87) ion similar to the formation of the c1 (m/z
73) ion for the a2 ion derived from H-Gly-Ala-OH (see
above). This reaction corresponds, nominally, to elimination of
a carbene from the a2 ion. However, the labeling results (Figure
4) show incorporation of only two labile hydrogens rather than
the expected three, so the reaction is clearly more complex and
probably involves hydrogen migrations and rearrangements so
that a more stable olefin can be eliminated.

The reaction sequence indicated by Scheme 2 proved to be
general for a2 ions derived from dipeptides containing H or alkyl
R-groups, including dipeptides containing proline. As an
example of the latter, Figure 5 compares the CID mass spectrum
of the [M-H]- ion derived from H-Pro-Val-OH with the
CID mass spectrum of the [M-D]- ion of the deuterium-labeled
dipeptide. The low-intensitym/z 100 ion signal corresponds to
the B ion of Scheme 2, whereas the more intensem/z 72
corresponds to the C ion ([i-PrCH2NH]-) and clearly incorpo-
rates both labile hydrogens present in the a2 ion of the deuterated
peptide.

A somewhat more complex result is obtained when the a2

ion does not bear a hydrogen on the amidic nitrogen. Figure 6
compares the CID mass spectrum of the [M-H]- ion of
H-Ala-Pro-OH with that of the [M-D]- ion of the dipeptide

Figure 4. Comparison of CID mass spectra of [M-H]- of Ala-Val and [M-D]- of Ala-Val-d4 (45-V cone voltage).
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in which the labile hydrogens had been exchanged for deute-
rium. In the upper spectrum, them/z 98 ion signal corresponds
to the B ion, and them/z 70 ion signal corresponds to the C ion
of Scheme 2. The pathway of Scheme 2 should result in the
incorporation of one labile hydrogen in each of these two
fragments. However, as the results for the labeled dipeptide
show, significant incorporation of two deuteriums occurs in both
the B and C ions. Clearly, when there is no amidic hydrogen,
the proton transfer from nitrogen to carbon in the first step of
Scheme 2 becomes reversible. The spectrum of the unlabeled
dipeptide shows a small but distinct ion signal atm/z 72. This
probably arises by the pathway outlined in Scheme 4.

Figure 7 shows the breakdown graph for deprotonated
H-Gly-Sar-OH, another peptide that does not contain an
amidic hydrogen. The a2 (m/z 101) ion is a major primary
fragmentation product and clearly fragments further as per
Scheme 2 to givem/z72 (B) andm/z44 (C). As Figure 8 shows,
CID of the [M-D]- ion of the deuterium-labeled analogue
shows significant incorporation of two labile hydrogens in the
B and C product ions, similar to the results of Figure 6,
indicating again that, when no amidic hydrogen is present, the
first proton-transfer reaction of Scheme 2 becomes reversible.
The breakdown graph also shows a significant ion signal atm/z
58, observed atm/z 58, 59, and 60 in the labeled compound;
this fragment appears to arise by a pathway analogous to Scheme
4 involving elimination of CH3NdCH2 from the a2 ion.
Fragmentation of the [M-H]- ion also leads to a product of
m/z 56, remaining largely atm/z 56 in the deuterium-labeled
peptide. MS3 experiments showed that this product originated

by fragmentation of the a2 (m/z101) ion. A possible, but highly
speculative, pathway to this product is shown in Scheme 5.

Thus, we have the situation that, when an amidic hydrogen
is present in the a2 ion, the initial proton-transfer reaction of
Scheme 2 is nonreversible, whereas when no amidic hydrogen
is present in the a2 ion, as in the a2 ions from H-Ala-Pro-
OH and H-Gly-Sar-OH, the initial proton-transfer reaction
becomes reversible. Ab initio calculations, discussed in detail
in the following section, indicate that, when an amidic hydrogen
is present, the ion A readily abstracts the amidic proton, leading
to H2NCH(R1)C(dO)N-CH2R3, the most stable species. Even
if this proton-transfer process is reversible, it does not lead to
the interchange of labile and nonlabile (C-bonded) hydrogens.
This theoretical observation suggested that the [M-H]- ion of
H2NCH2C(dO)NHCH3 might fragment in a fashion similar to
that of the a2 ion derived from glycylglycine. Figure 9 shows
the breakdown graph obtained for deprotonated H-Gly-
NHCH3 (m/z 87). Deuterium labeling showed that a labile
hydrogen was removed in the ionization process, most likely
the amidic hydrogen, which is the most acidic. Clearly, them/z
87 ion fragments to formm/z 58 (B), which then loses CO to
form m/z 30 (C). Also observed at higher collision energies is
an ion signal atm/z 42, presumably [NCO]-; the pathway to
this product is uncertain.

Theoretical Considerations.Extensive ab initio calculations
were carried out at the (frozen-core) MP2/6-31+G(d) level for
the anions that can be derived from deprotonation of glycine
N-methylamide and for the barriers for interconversion between
these anions. The results of these calculations are summarized

Figure 5. Comparison of CID mass spectra of [M-H]- of Pro-Val and [M-D]- of Pro-Val-d3 (48-V cone voltage).
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in the form of the potential energy diagram shown in Figure
10. Full structural parameters for each species can be found in
the Supporting Information or obtained from the authors.

Experimentally it is not clear whether the a2 ion derived from
decarboxylation of deprotonated glycylglycine is formed in the
trans (1) or the more stable cis (2a) configuration. There is a
substantial barrier (14.1 kcal mol-1) for conversion of the trans
form 1 to the cis form2a. Structure2a reacts, as per Scheme
2, to abstract a proton from the N-terminal amino group through
a transition state that is 8 kcal mol-1 higher in energy than2.
This portion of the potential energy surface is similar to that
reported by Styles and O’Hair.29 The cis amino-deprotonated
species3 can then undergo fragmentation to form [CH3NHCO]-

+ CH2dNH, a reaction that is 23.8 kcal mol-1 endothermic.
Alternatively, 3 might rearrange to the trans conformation4
over a barrier of 11.7 kcal mol-1. This trans species might
fragment to the products [CH3NHCO]- + CH2dNH, or it might
readily abstract a proton from the amidic nitrogen to form5,
the most stable species on the [C3H7N2O]- potential energy
surface. It is very difficult to find the correct energy profile
that contains a low-lying transition structure such as TS-4 that
follows structure4 and connects it with structure5. One of the
reasons for this difficulty is that the surface is rather smooth
and several low-lying minima might occur in the vicinity of
the transition structure. If one locates one of the low-lying
minima in the neighborhood as the reactant structure but it is
not the lowest-energy conformer of the set, one might end up
obtaining an apparently negative barrier. After a lengthy and
careful search, we were able to optimize the true structure4
connected to TS-4 and structure5, now making the barrier height
associated with TS4 positive. However, when zero-point vibra-
tion energy is included, the relative stabilities are slightly
reversed. It is therefore recommended that, in the construction

Figure 6. Comparison of CID mass spectra of [M-H]- of Ala-Pro and [M-D]- of Ala-Pro-d3 (45-V cone voltage).

Figure 7. Breakdown graph for deprotonated Gly-Sar.
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of energetic profiles or for any computations undertaken, care
be taken to ensure that every conformer has been identified and
evaluated. However, even then, when the barrier is in the vicinity
of 1 kcal mol-1 or less, its value, with or without the zero-
point correction, cannot be considered numerically reliable.

The CID experiments clearly are carried out under multiple-
collision conditions, and it is most likely that more than one
activating collision is required to achieve fragmentation. We
suggest that the initial collision(s) lead to isomerization of2a
to 5, the global minimum, through the intermediacy of3 and4.
Because of the higher density of states for5 at the isomerization
energy and possibly because of deactivating collisions, the
system effectively becomes trapped as structure5, and exchange
of labile and C-bonded hydrogens does not occur. Structure5
might interchange with structure4, but this does not lead to
interchange of labile and C-bonded hydrogens. Upon an
activating collision,5 fragments to products by way of4. By

contrast, when no amidic hydrogen is present, as in the a2 ions
derived from H-Ala-Pro-OH and H-Gly-Sar-OH, the
structure analogous to5 does not exist, and one observes an
interchange of N-bonded and C-bonded hydrogens through the
interconversion of structures analogous to2aand3 because the
barrier for this interconversion is lower than that for fragmenta-
tion.

We also have considered the possibility of direct conversion
of 2a to 5 by a 1,2-proton transfer. The calculations showed
that this process had a high energy barrier, with the transition
state (TS) being 93 kcal mol-1 (without the ZPE correction)

Figure 8. Comparison of CID mass spectra of [M-H]- of Gly-Sar and [M-D]- of Gly-Sar-d3 (45-V cone voltage).

SCHEME 5

Figure 9. Breakdown graph for [M-H]- of H-Gly-NHCH3.
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above the energy of2a. Thus, this direct interconversion is not
competitive with the multistep process illustrated in Figure
10.

A further experimental observation is that, when an amidic
hydrogen is present, as in the a2 ions derived from glycylglycine,
glycylalanine, and alanylglycine, the elimination reaction 5 does

Figure 10. Potential energy surface for fragmentation of a2 ion of Gly-Gly. 3 corresponds to A of Scheme 2, and6 corresponds to B of Scheme
2. Relative energies in kcal mol-1.

Figure 11. Potential energy surface for 1,4-proton transfer and fragmentation. Relative energies in kcal mol-1.
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not occur to a significant extent

On the other hand, when there is no amidic hydrogen, as in the
a2 ions derived from glycylsarcosine, the analogous reaction 6
does occur to a significant extent

The most likely rationale for this difference is that, when an
amidic hydrogen is present, the system becomes trapped in the
low-energy states4 and 5 and, on activation, exits only to6
and 7. Experimentally, when5 is formed directly (Figure 9),
this is what is observed. In effect, there is no significant
population of2a/b to fragment by reaction 5. However, when
no amidic hydrogen is present, exchange between the a2 ion
and the amine-deprotonated species occurs, with the result that
there is a significant population of9 that does fragment by
reaction 6 on activation.

In contrast to the elimination of the N-terminal residue from
an (n g 3) ions, where either a labile (N-bonded) or a nonlabile
(C-bonded) proton can be transferred,28 the present results
indicate that specifically a labile (N-bonded) proton is transferred
in the fragmentation of a2 ions. Thus, the pathway outlined in
Scheme 6, which leads directly to the deprotonated amine, is
not involved. This pathway was explored by ab initio calcula-
tions for the a2 ion derived from glycylglycine. The potential
energy surface resulting from MP2/6-31+G(d) calculations is
shown in Figure 11. The conformation of a2 (2b) that leads to
the possible 1,4-proton transfer is slightly higher in energy than
the minimum-energy structure2a. The energy barrier leading
from a2 to the enolate ion11 (17 kcal mol-1-) is considerably
greater than that for proton abstraction from the amine group
(8 kcal mol-1, Figure 10). Consequently, it appears that the
pathway outlined in Scheme 6 cannot compete with the pathway
indicated by Figure 10. Further, the endothermicity for frag-
mentation of the enolate ion to the aminoketene and deproto-
nated amine is quite large. It might be that the barrier for proton
abstraction from the enolate position in larger an ions is lower
because a larger ring size is involved in the transition state.

The ab initio calculations that lead to Figures 10 and 11 can
lead to estimates of the gas-phase acidities of the various
positions in glycineN-methylamide. These estimates will be
discussed in a forthcoming paper devoted to a more complete
discussion of the theoretical calculations.
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8
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