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Abstract

The reactions of ionised pyridazine, aminopyrazine and aminopyridine and the correspoitliitgnic ions are examined by a combination
of tandem mass spectrometric techniques, including analysis of metastable ion (Ml), collision induced dissociation and neutralisation—
reionisation mass spectra (NRMS). Further insightinto the relative stability and energy barriers towards tautomerism of each ionised heterocycle
with its a-distonic isomer is obtained by computational methods. In all these systems, both the conventional radical-catiar-distcthie
tautomer are stable species which exist in discrete energy wells, with a significant barrier towards their interconversion. Although each
a-distonic ion is sufficiently stable to survive neutralisation—reionisation, the conventional ionised heterocycle is more stable in each case.
The possibility of investigating proton-transport catalysis in the tautomerism of these ionic systems is discussed.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction H H
H l+ |
. . . . H, _—N \C/N H, _—-N
Heterocyclic compounds, particularly those with two ni- G '\ I \\C_ Cﬁ \
trogen atoms in one ring, are of ubiquitous importance in or- | C—H c—/ c //C
. . R L. /C\ / H/ \N s \N+
ganic chemistry, biology and medicifif. Moreover, many  H l;l | H |
diazine and diazole derivatives have pharmacological activ- H H Ho (D)

ity [2,3]. Consequently, experimental and theoretical stud-
ies of these heterocyclic systems have proliferated in recent The structure and reactivity of suahdistonic ions, which
years[4-8]. are formally ionised ylids, and their conventional isomers
An important facet of the chemistry of diazoles, especially may be conveniently studied by mass spectrometry. In par-
imidazole derivatives, is the existence of comparatively sta- ticular, the tautomerism of these distonic and conventional
ble ylid tautomers, in which the positive charge is delo- isomers may be investigated. Combined experimental and
calised without disrupting the aromatic sextet, as illustrated computational studies of ionised heterocycles including pyri-
for imidazole in Eq. 1. Such ylids may play a part in the dine[9,10], pyrazine[11], pyrimidine [12], imidazole[13],
biological activity of imidazole and related heterocycles by pyrazole[14] and thiazole[15] indicate that both the con-
facilitating acid/base catalysis and/or nucleophilic catalysis. ventional radical-cations and the corresponding distonic ions
generally are stable. Moreover, there is usually a significant
energy barrier towards the interconversion of the conven-
tional and distonic tautomers. In favourable cases, these bar-
* Corresponding author. Tek:44 1274 233774; fax+44 1274 235350, rlers may be reduced by interaction of one tautomer with a
E-mail address: r.d.bowen@bradford.ac.uk (R.D. Bowen). base (or acid) which removes (or adds) a proton from one
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site in a collision complex. Addition (or removal) of a proton H II-I
from another position then forms the other tautomer. This ' H H
: o USe - CHE0 T NG
proton transfer catalys[46,17]is analogous to the base (or ?I (|3 i 1 | (4)
acid) catalysis that is familiar in solution chemistry. .C_ _C. -Co «C_ ~C.
; I o I . 0=C""™>N" "NH N~ NH;

The tautomerism of ionised pyridine with its-distonic o *
ion has been shown to be subject to proton-transport cataly- \ _H H
sis[10]. The possibility that this form of catalysis may occur CHa
in other ionised heterocyclic systems is worthy of investi- 3-Hydroxymethylpyridazine (Eq. 2), pyridazine-3-

gation, not least because the biological activity of certain
heterocycles probably reflects their ability to undergo proto-
nation and/or deprotonation under physiological conditions

[1]. Moreover, the intermediacy of ylids in some of these P .
proton transfer steps may be crucial. lonised pyridazine, methyl 2-aminopyridine-6-carboxylate (Eq. 4) and methyl

whose dissociation chemistry has been studied in consider-2-2¢etamidopyridine-6-carboxylate were suitable precursors

. . L for 3a*t.
able detai[18], was thought worthy of investigation because
it is the only diazine system that has not yet been subject
to detailed scrutiny in this context. In addition, the effect of ) _
an amino substituent in the ring on the relative stability of 2 EXPerimental and theoretical methods
the conventional and distonic isomers was considered wor-
thy of study, not least because many heterocycles found in
nature contain one or more amino groups. The possibility
that isomerisation of the conventional radical-cations to their

carboxylic acid and its methyl ester were suitable pre-
cursors for la®*t. 3-Aminopyrazine-2-carboxylic acid
(Eq. 3) was a suitable precursor faa**, whereas both

2.1. Mass spectrometry

Tandem mass spectrometric experiments were performed

distonic tautomers might be facilitated by proton-transport
catalysis was particularly attractive.
The following ions were studied:

on the VG Analytical ZAB-R mass spectrometer. Details
of the geometry of this three-sector (BEE) instrument have
been published19]. Metastable ion (MI) spectra were

H H H H
' | He G Ho _N Ho G
H\C/CQC/H H\C/N§C/NH2 H\C/C§C,H \(ﬁ/ %(lj/H \(ﬁ/ §(|:/NH2 \(ﬁ/ x(er
I | I | I |
C 2N .C_ ~Cu .C_ ~C. Lo 2N L »C° *C ~Cs
H™ \.'\i/ H \N+/ H H \N+/ NH, +[Tj H +,|\| +h NH,
. . H H H
1.+ 2c+ 30+ 1(1.+ 2a.+ 3(x‘+

The formation of each of the conventional radical-cations,
1°*, 2°+ and3°**, was readily accomplished by ionisation
of the parent heterocycles, 2 and3, respectively. The cor-
respondingyx-distonic ionsla®*, 2a** and3a®t, were not
accessible by ionisation of the corresponding ylitts, 2«
and3«, but they were obtained unambiguously by dissocia-
tive ionisation of appropriate derivatives of 2 and 3, as
illustrated in Eqgs. 2—4.

recorded for ions dissociating in the second field free re-
gion (2ffr); collision-induced dissociation (CID) spectra
were recorded using oxygen as the collision gas in the 2ffr
or 3ffr (third field free region). Unless otherwise stated,
the accelerating voltage for these experiments was 8kV.
CID spectra of reference ions having a translational energy
close to that of the product ions resulting from earlier dis-
sociations (Ml or CID) in the 2ffr were also obtained in
the 3ffr. Neutralisation—reionisation mass spectra (NRMS)

'ﬂ H were recorded usingN,N-dimethylaniline as the electron
\c/C*C’H . /('3% H doqor apd f»fygen_ gas for reionisation. Th.e CID spectra
I | . (|3| C|> ?) pf survivor” ions in .the NRMS were obtalngd py §ub-
HZC/C\,(N - CH=0 C N jecting ions that survived neutralisation and reionisation to
c|> ot N further collision in the third field free region. All spectra
~H H were recorded by means of a small PC-based data system
developed by Mommers Technologies Inc. (Ottawa). The
H\C/ ot H\C/N%C/NHZ guoted data were typically compiled from 2 to 5 individual
[ — I (3)  seans. o . o
H,C\'(C\Cﬁo - CO, H/C: ZC* Apart from pyridazine, which was admitted via a quartz
o+ (\) 4 probe fitted with a glass bulb, all samples were introduced
H” into the instrument via a direct insertion probe with a tube
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into which the sample was packed. The pressure, as indicatedo room temperature, the black residue was saturated with

by a remote ionisation gauge, was typically 16106 Torr
during electron ionisation.

2.2. Precursor molecules

Pyridazine, 2-aminopyrazine, 3-aminopyrazine-2-car-
boxylic acid, 2-aminopyridine and 6-methyl-2-aminopyridine

potassium carbonate (80g) and the product was extracted

with ethyl acetate (10 portions of 100 mL). The combined

extracts were dried with potassium carbonate (140g), fil-
tered and evaporated at reduced pressure to leave an amber
residue, which was distilled at reduced pressure to give
3-hydroxymethypyridazine as a yellow oil (6.3g, 57%; bp
120-1°C @ 0.03 mmHg; lit bp 150C @ 1 mmHg), which

were obtained from Aldrich. The routes by which the other easily solidified, even in an air condenser. Recrystallisation
required heterocycles were synthesised are summarised iffrom toluene/ethyl acetate gave almost colourless crystals

Scheme 1 [20-27]

The experimental procedures are illustrated by the fol-
lowing detailed description of the preparation of pyridazine-
3-carboxylic acid via 3-hydroxymethylpyridazine.

2.2.1. 3-Hydroxymethylpyridazine

A cold solution of concentrated sulphuric acid (3.9g,
40mmol) in distilled water (80 mL) was cautiously added
to 2,5-dimethoxy-2,5-dihydrofurfuryl acetate (20.2g,
100 mmol, obtained from furfuryl alcohol by acetylation
followed by oxidation with bromine in methan@0,21)

(mp 63—-65C; lit mp 66°C [21]).

2.2.2. Pyridazine-3-carboxylic acid

Finely powdered potassium permanganate (4.5¢,
28 mmol) was added in small portions (ca. 0.5¢g) at
intervals of 10min to a mechanically stirred solution
of 3-hydroxymethypyridazine (2.1g, 19mmol) in dis-
tilled water (100 mL) at 65C in a 500 mL three-necked
round-bottomed flask equipped with a condenser and ther-
mometer. Stirring was continued for 30 min after the last
portion of oxidant had been added. The brown manganese

in a 500 mL round-bottomed flask equipped with a reflux dioxide was filtered off and the colourless filtrate was con-
condenser. After refluxing for 1 min, the resultant brown centrated (to ca. 20 mL) by evaporation at reduced pressure
solution was rapidly cooled in ice-water. Hydrazine hy- from a warm water bath. After acidification with concen-
drate (10 mL, 200 mmol) was added and the mixture was trated hydrochloric acid to pH 2, the solution was allowed
refluxed for 20 min. [Caution: unless the mixture is thor- to stand for 1h, whereupon pyridazine-3-carboxylic acid
oughly chilled before the hydrazine hydrate is added, the (2.31g, 98%; mp 198-19%€, lit mp 201°C, dec[21])
reaction may become uncontrollably violent.] After cooling separated as a white solid that was collected by filtration.

A (Refs. 20-23) H
|
— H C COOH
e S
OCH; ﬁ ?
/C\ 2N
HeCO 0 CH,OCOCH; H™ N
H*/HZOl 100 °C KMnO,4
i
— H_ _C
HoNNH ~CH,OH
H CH,0COCH; | ——» ¢~ S¢772
\ 100 °C II |
0 O H/C\N4N
H
N ! 'r
NI W H C
c c (CHsC0),0 o xe-H kmno NN
L O T G T
H.C” SN c_ ~C C C
3 N™  NH, HiC™ N7 NHCOCH; HOOC”™ N7 “NHCOCH,
B (Refs. 24-27) oo / ‘ »
272
A " I
H_ _C H
\(l:l/ \(l:/H CH,N, H\C/C%C/H \C/C\ H
[ I [ I
c_ .C C C c
Hzco0C” N NH, HooC” SN “NH, Hscooc” SN NHCOCH,
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Table 1

CBS-QB3 computational results for the pyridazirg, @minopyrazine 2), and 2-aminopyridine3) systems of ions and neutrals

Structure B3LypP/cBSBY ZPVE EcBs-QB3(0K) AHs (298 K) Exp’ Erel
1°* —264.04083 47.3 —263.51456 271 266 0
1a*+P —264.01654 47.7 —263.49011 287 15
1p*+b —264.00473 43.5 —263.48980 288 17
TS1°t — la*t —263.96095 44.2 —263.39314 348 76
TS la*t — 1b*tP —263.97473 43.9 —263.45977 306 35
1 —264.35173 47.1 —263.84063 67 66.5

la —264.29742 47.5 —263.78433 102

1b Ring closes

2e+b —319.46270 57.1 —318.84714 239 0
200t —319.43564 58.2 —318.80947 262 23
TS 20+ — 2q°td —319.34989 53.9 71
2 —319.76550 57.4 —319.15775 43 0
20 —319.70341 57.7 —319.09503 83 39
3e+b —303.44268 65.4 —302.82185 215 213 0
30+ —303.41097 65.4 —302.78265 236 20
TS 3+ — 3a°tP —303.31926 61.1 —302.70178 291 76
3 —303.73090 65.4 —303.11919 29 28 0
3a —303.65324 65.0 —303.04206 78 49
TS3 - 3a —303.58870 61.0 —302.98248 115 86

aEgaLyp,cBse7 and Eces-oB30k) in Hartrees, all other components, including the ZPVE scaled by 0.99, in kcalmol
b Spin contamination occurs in the CBS-QB3 calculation above the value of 0.825.

¢From Ref.[32].

d g calculated from the B3LYP/CBSB7 energies.

2.3. Computational methods perhaps, though less likely, its higher energy isomer HNC.
Regardless of this nuance, it is clear théit and1a®* are
Structures and energies of ions, neutral species, connectdiscrete species, which do not tautomerise before dissoci-
ing transition states and products were probed by the stan-ation. This conclusion is supported by the distinctive CID
dard CBS-QB3 model chemistrj28] as implemented in  and NRMS spectra df*™ andla®™t.
Gaussian 98, Revision 11[39]. This model chemistry is Besides the tendency df* and 1a*™, to lose N and
a hybrid empirical correction-pair correlation energy ex- HCN, respectively, several pertinent differences are found in
trapolation scheme, which uses the B3LYP density func- the CID spectra. Thus, loss of*Hk important forla®*, but
tional method with the 6-311G(2d,d,p) basis set (denoted negligible for1**. Similarly, the signal atvz 40 arising by
as B3LYP/CBSB7 inTable ) for geometry optimisation.  charge-stripping to give &4N,%" is significant forla®*
Frequency calculations gave the correct number of negativebut not1**. This increased ease of charge-stripping is typ-
eigenvalues for all minima and transition states; the con- ical in the CID spectra of distonic ions. Finally, the ratio of
nections of the transition states were checked by geometrythe intensities of the peaks iz 26 and 28 decreases from
optimisations and frequency calculatiofi®ble 1lists the almost 4 forl** to 0.6 forla®™.
energies and enthalpies of formatiatHs) at 298 K for the Parallel, though less pronounced, trends are found in
principal ions and neutrals. For some of the ions the amountthe NRMS. In addition, botl** and 1a** show strong
of spin contamination was fairly high so that the derived en- “survivor” signals atm/z 80, corresponding to species that
thalpies may be slightly overestimatf&D]. The complete have survived neutralisation and reionisation. The intense
set of computational results including optimised geometries signal in the latter case is especially significant because
of the structures is available from the authors on request. it establishes that the neutralldsN, species formed by
neutralisation ofla®™ is sufficiently stable to survive for
at least several microseconds. The close similarity of the

3. Results and discussion CID spectra of survivor ions atvz 80 in the NRMS of
la*t and ions of this structure transmitted to the 3ffr
3.1. Pyridazine system without undergoing neutralisation and reionisation are con-

sistent with the interpretation that theyl4yN> species is

The MI spectraFig. 1, of ionised pyridazinel®**, and the ylid 1a. Theory supports this viewta is calculated to
its a-distonic tautomera® ™, are quite distinct: the former  be a stable species. In contrast, the neutral counterpart of

eliminates only N, whereas the latter loses only HCN or 1b**, which, as shown irScheme 2is accessible from
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Fig. 1. Ml spectra of (a) pyridazine iob®™ and (b) pyridazine-3-ylidenéa®*; CID spectra of (c)1** and (d)1a**; NR spectra of (e)l** and (f)
la**; NR/CID spectra of (g)1** and (h)la®™.

1o, is not a minimum structure. All attempts to calculate that the energy required to induce Mlimination is much
HN=C+CH=CHCH=N", 1b, failed: the geometry invari-  higher, 55 kcal mot!. At this energy, several other;84°*
ably optimised to a cyclic structure. Thus, experiment and isomers, including ionised cyclobutene and the acyclic ions
theory lead to the conclusion that the ylid is stable. CHy=C=C=CH,** or CH,=CH-C=CH** are accessible.
The chemistry ofi**™ andla®™ is summarised by the en-  Unfortunately, CID experiments cannot be used to probe the
ergy diagram ofscheme 2These tautomers react in charac- structure of isomeric gH4*" ions [33], so the mechanism
teristically different ways and may be readily distinguished of this dissociation cannot be established. Regardless of the
by MI, CID or NMRS. The conventional speciel,*, has structure of the gH4** product ion, however, the energy
an appreciably lower heat of formation than the distonic tau- required to promote MNloss from1°®™* is still significantly
tomer,1a®™, but both isomers and their neutral counterparts lower than that needed to surmount the large energy barrier

are stable. (76 kcal mot1) calculated for the 1,2-H shift from nitrogen
The thermochemical energy requirement for the dissocia- to carbon that would effect tautomerism ft to 1a®™.
tion 1°+ — C4Hs** + N> is only modest: 12 kcal mott for The CID spectrum (not shown) of thesB3N** species

the formation of ionised methylene cyclopropene (MCP), produced by elimination of HCN from metastalie®™ is
the most stable g&H4°" isomer[31,32] However, the ear-  closely similar to that of ClEC=C=NH*" determined in
lier detailed study utilising PEPICQL8] has established earlier investigations of ionised pyrimidine and its distonic
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<= kcal/mol

C,HT (MCP)+ N,

A
P1,2-H Y
i shift

% 320

H,C=C=C=NH"**
+HCN

Scheme 2. Potential energy diagram derived from the CBS-QB3 (298K) calculations of ionised pyridazine and its isomers.

isomerg12]. Not only is this ionised imine calculated to be 3.2. Aminopyrazine system

the most stable isomer ofsBl3N°®™, but it may be readily
formed if loss of HCN occurs by ring opening &d**, with

As shown in the previous section, the dissociation char-

an associated 1,2-H shift. In this case, it is probable that fis- acteristics ofl** and itsa-distonic isomerla®™ are very

sion of the N-N bond ifa®™* gives the acyclic distonic ion,
1b**, which is only marginally higher in energy thdn®*.
The calculated barrier to this ring opening (19 kcal rijl

different. This clear distinction is exceptional: the radical
cations of related heterocyclic molecules, such as pyrazine,
pyrimidine, pyridine, imidazole and pyrazol@-14] all

is comparatively small and substantially less than the cor- yield CID mass spectra which are similar, although not

responding barrier (61 kcal mot) for tautomerism tal**.

identical, to theira-distonic counterparts. The usual simi-

The energy of the transition state for the 1,2-H shift that larity does not reflect relatively low barriers towards tau-

must accompany loss of HCN frodw®t was not calcu-

tomerism: theory predicts that internal energies in the range

lated, but it must be lower than that for tautomerism to of 50-70kcalmot! are required to cause isomerisation.

1°*. It is interesting that the ionised acyclic ylidb*t,
which is of comparable energy fim**, exists in a discrete

Rather, it arises because the most facile dissociation of both
isomers is loss of the same neutral species (often HCN)

energy well; in contrast, the corresponding acyclic neutral at energies close to or even above that needed to induce

ylid, 1b, is not a minimum on the gH4N> potential energy
surface.
The discovery thafla®™ is less stable than®*t means

tautomerism. For example, the energy barrier for rear-
rangement of ionised pyridine to ite-distonic tautomer is
57 kcal mot L, but even more energy (95 kcal mél[9]) is

that attempts to investigate whether this tautomerism is sub-required to promote loss of HCN, which occurs from both
ject to proton-transport catalysis are unlikely to be fruitful: tautomers. In such circumstances, the CID spectra of the

1°* would not be expected to isomeriseta*™; and it is
not possible to generatiex*™ directly so as to study its re-
arrangement td* ™.

isomers tend to be similar, though not identical: the spec-
tra often contain minor, but structure characteristic peaks,
resulting from fast dissociations at high internal energies

In an attempt to find ionised heterocycles that are less [10,12,13]

stable than theix-distonic tautomers, the effects of amino

lonised 2-aminopyrazin@**, and itsa-distonic isomer,

substitution on selected azine systems were investigated. 2a**, whose CID spectra are presentedFiig. 2a—f also



T. Karapanayiotis et al./International Journal of Mass Spectrometry 236 (2004) 1-9 7

() 68 (b) 68

79
94
(c) 95 (d 95
68
40
40 52 8 28
52 67
2628 | & 26

Fig. 2. CID spectra of (a) 2-aminopyrazine i@+ and (b) 2-aminopyrazine-3-ylider&x**; NR spectra of (c)2°* and (d) 2«*™; partial NR/CID
spectra of (eR** and (f) 2a° ™.

seem to fit into this category. The calculatiofialfle J) in- ions in the NRMS of2a°**. This spectrum closely resem-
dicate that2*+ and 2«** are distinct species existing in  ples the relevant portion of the 3ffr CID spectrum2af*+
discrete energy wells. Thug* is calculated to be more  which has not been subjected to neutralisation and reionisa-
stable thar2a** by 23 kcalmot?, but the barrier towards  tion. Moreover, the CID spectrum of the survivor signal in

tautomerism tc2a** is quite high, 71kcalmott. Never-  the NRMS of2*+ is closely similar to the CID spectrum of
theless, the energy required to induce the common [H,C,N] 2*+, but shows the usual characteristic differences from that
loss which dominates the CID mass spectra®df and2a*+ of 2a**. Consequently, it is also clear thad produced by

may well be close to that needed to promote tautomerism. neutralisation oRa®+ does not collapse t8, even though
Indeed, the CID specti2™ and2«® ™ are superficially sim-  calculations, se@able 1 indicate that it is 39 kcal mof
ilar but some diagnostic differences may be discerned: the|ess stable than its conventional tautomer.
Rls of the signals at/z 94 as well as 42 and 43 are higher In summary, botl2*+ or 2a*+ are stable radical-cations,
in the spectrum oRa**; the ratio of the RlIs ofm/z 26 existing in discrete energy wells. Furthermore, the neutral
(CoH2*T) and 28 (HCNH) is 0.3 and 0.6 in the spectra of  ylid, 2, also is stable and does not readily rearrange to its
2°*t and2a® ™, respectively; the ratio the RIs of'z 51 and more stable conventional tautomé&r, Unfortunately, how-
52 is greater in the spectrum 8f*; and a weak signal at  ever, the greater stability of the conventional radical-cation is
m'z 78 (perhaps arising by loss of NHappears only inthe  not conducive to studying the possibility of proton-transport
spectrum oRa°t. catalysis in this system.

The NRMS spectra a2**+ or 2a°** also show character-
istic differences, especially the more intense signaht 3.3. 2-Aminopyridine system
94 arising by loss of M from 2a*™", and similar trends to
those found in the CID spectra for the Rls of the peaks at The MI spectra of ionised 2-aminopyriding,™, and its
m/z 26 and 28. Each spectrum also contains a strong sur-a-distonic isomer3a®™, are dominated by a peakmatz 67,
vivor signal atm/z 95, thus indicating tha? and 2« (or, corresponding to loss of [H,C,N].
possibly, some isomer to whicw readily isomerises) are It has been proposdd4] that a mixture of ionised pyrrole
stable species. Confirmation that the stable neutral species iand its tautomer, ionised 2-pyrroline, is formed by loss of
actually2a is provided by the CID spectrum of the survivor [H,C,N] from metastable ionise@°*. In addition, it has
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Fig. 3. CID spectra of (a) 2-aminopyridine i&1* and (b) 2-aminopyridine-6-ylidene icBux**; NR spectra of (c8** and (d)3a**; NR/CID spectra
of () 3*+ and (f) 3a*+.

been showri35] that the internal energy needed to promote 3ffr (Fig. 3e and ¥. Consequently, neutralisation 8f**

this reaction is ca. 70 kcal not and that the neutral species  evidently produce$a, which is subsequently reionised to

lost is largely HNC. The calculations, s&able 1, indicate the originala-distonic ion.

that about the same amount of energy is required to cause Computational evidencéléble 1 supports this interpre-

tautomerism of3** to 3a°t. tation: 3 is calculated to be 49 kcal ot more stable than
Thus, itis not surprising that the CID mass spectra*of 3a, but both species lie in deep energy wells with a barrier

and3a** (Fig. 3aand pare similar and have acommon base of 86 kcal mot! for tautomerism ot to 3a* ™. It is per-

peak amvz67. However, the spectra also show characteristic haps surprising that the barrier towards isomerisatiditof

differences. The ratio of the RIs af/z51 and 52 is greater  3q is even larger than that for the analogous tautomerism of

in the spectrum oBa®*; in addition, the somewhat weak  the radical-cations. Unfortunately, the lower heat of forma-

cluster of peaks at highen'z is dominated bym/z 78 and tion of the conventional specie3,™, precludes attempts to

77, respectively, in the spectra 8" and3a*". Moreover,  study proton-transport catalysis of its tautomerisr8d6™ .

only the spectrum o8°* contains a significant diagnostic

peak atm/z 80, produced by loss of N This reaction is only

observed in CID mass spectra obtained with oxygen as the4. Conclusions

collision gas[36]. Finally, the signals atn/z 47 and 46.5,

corresponding to HgN> ™ and GHsNo* T, respectively, lonised pyridazine, 2-aminopyrazine, 2-aminopyridine

are much more intense in the spectrunBaf*. and at least one of theit-distonic tautomers are all stable
The NRMS of3*+ and3a** (Fig. 3c and §lalso show dis- species in the gas-phase, though thdistonic isomer of

tinctive differences, several of which follow the same trends ionised pyridazine may undergo fairly facile rearrangement

as are observed in the CID spectra. Moreover, the presencdo an acyclic species. The conventional ionised hetero-

of a very intense survivor signal in each spectrum establishescycles and their distonic tautomers may be distinguished

that the species formed by neutralisation3df and 3a** on the basis of their collision-induced dissociation and

are stable. In addition, the CID spectra of these survivor sig- neutralisation—reionisation mass spectra. The neutral ylids

nals are similar to those @+ and3a®* recorded in the produced by neutralisation of the distonic tautomers are also
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stable, with sizeable energy barriers towards rearrangement12] D.J. Lavorato, J.K. Terlouw, G.A. McGibbon, T.K. Dargel, W. Koch,

to the ordinary heterocycles. In each heterocyclic system, _ H.- Schwarz, Int. J. Mass Spectrom. 210-211 (2001) 43.

the conventional ionised species is more stable than its!*®! SHAe'meﬁ'bggn'EﬁIHggingn;;’ la';éLavoratO’ H. Schwarz, Angew
distonic tautomer. This order of stability precludes inves- (14) r. Flammang, M_g Barbieux-Flammang, H.T. Le, P. Gerbaux, J.
tigation of the proton-transport catalysed isomerisation of Elguero, M.T. Nguyen, Chem. Phys. Lett. 347 (2001) 465.

these ionised heterocyclic species. Computational evidence15] G.A. McGibbon, J. Hrusak, D.J. Lavorato, H. Schwarz, J K. Terlouw,
reinforces and refines the conclusions about the structure _ Eur. J. Chem. 3 (1997) 232.

i L . . . [16] D. Bohme, Int. J. Mass Spectrom. lon Process. 115 (1992) 95.
and stability of the ionised heterocycles, their distonic [17] A. Chalk, L. Radom, J. Am. Chem. Soc. 119 (1997) 7573,

tautomers and the corresponding ylids. [18] R. Buff, J. Dannacher, Int. J. Mass Spectrom. lon Process. 62 (1984)
1.
[19] H.F. van Garderen, P.J.A. Ruttink, P.C. Burgers, G.A. McGibbon,
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