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High resolution mass spectrometry was used to study two types of expected primary competing

reactions triggered by two isobaric struetural groups in somie heterocyclic compounds, IV, under

70 eV clectron impact. The reactions are

ay MY = IMN |50 Ny MY s NGO+ co
by MY = (MN[0 Ny MY > MGy |+ Gyl

In hoth cases, it was found that the primary loss was exclusively a Ny molecule which is then

followed by the loss of CO or G, H,.
Introduction

It has been well established that the ion fragmentation
oceurring inside a mass spectrometer is a compeling con-
secutive unimolecular ion decomposition (1), For mole-
cules with one functional group, like alcohols, amines, and
acids, the major fragmentation routes are known Lo he
trigeered by that functional group and the triggering mecha-
nists have been proposed (2). For molecules with more
than one functional group, the reactions triggered by all
the Tunctional groups present in the molecules will be
competing against cach other. The results of the compeli-
tion will be dependent on the strength of the bond(s) to be
broken and the stabilities of ions and neatral species gen-
eraled. I the competing reactions result in eliminations of
different masses, e.g. CHy, HCN, CO, the measurement of
the relative importance of the triggering lactors will be
shown i the mass spectra. 11, however, the losses are of
the same nominal mass, e.g. CO,N, | Gy Hy, high resolution
mass speclrometry is required to differentiate them. Fyven
though the observed results are often empirical, an intui-
tive understanding of the relative importance of the com-
peting triggering reactions is desirable.

I the recent literature, the primary loss of N, from
the molecular jons of diazoles (3), triazoles (3,4), and
tetrazoles (5) has been reported. The loss of CO from both
carbonyl containing compounds like quinones (6) and pyri-
dones (7), and non-carbonyl containing compounds like
phenols (8) and diaryl ethers (9) has long been recognized.
The elimination of an cthylene molecule from molecular
ions has also been studied extensively in the cases of
tetraline, Z-methyltetraline, cyelohexenes (10y (Rewro-
Dicls-Alder reaction), and ethyl esters (11).

When any two of the above structural groups are present
ina molecule, the jon fragmentations triggered by these two
groups compete with cach other. S, Meyerson and R.W,
Vander Haar (10) reported 74% of the ions arising from the
loss of CO and 20% from the oss of Cy1l; (Retro-Dicls-
Alder reaction) in the decomposition of molecular jons of
tetralone. J. C.Tou, .. A. Shadoffand R. 1. Rigterink (12)
found that the first loss of 28 mass units was exclusively a
nitrogen molecule which is then followed by a CO elimina-
tion in the case of henzotriazinone derivatives, when the
azo group and the carbonyl group oceupied similar positions
in the molecules. Recently, C. M. Kerwinand G. AL Nelson
(I3) reported similar findings of the initial Ny loss and
then a CO elimination in the cases of nickel ketazines (13).
In this paper, we studied the compeltitive losses under 70
ev electron impact of Ny and CO,and Ny and Gy, from

some heterocyclies containing these groups.
Results and Discussion
A) Competing and Conseeutive Losses of N, and CO.

The mass spectra of three heteroeyelie compounds, -1,
containing -N-N- and >C=0 structural groups are shown

in Figures 1-3 respectively.
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One distinctive conmmon ion fragmentation mode of the

three compounds is the initial loss of 28 mass units, which
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Figure 1. The Mass Spectrum of tetrazolo] 1,5 Jquinazolin-5(6)one.

100

90 —

80 —

70 —

60 —

50 —

40 —

Relative Abundance

95
30 — I

CyH,ON

C 4ty N5 -50%
C 4H30N,-50%

Cg Hg ON,

Ly 151 ()

. C,H,ON=
123

-

Il

L

Ll

40

lI | Il 1

L
! I T 1 I

T Tt T T 1 1 1

50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200

—_— m/e ——>

Figure 2. The Mass Spectrum of 8-Methyltetrazolo| 1,5« |pyrimidin-5(6H)one.

was found to be a one step transition as supported by an
observed corresponding metastable ion. 1tis very difficult
to predicta priori which are of the structural groups -N=N-
and >C=0 in the molecules was involved in the above
transition. However, high resolution mass spectrometry
established that the primary loss of the 28 mass units was
exclusively a N=N group. This is similar to the cases of
benzotriazinones (12) and nickel ketazines (13) reported

previously.  Following the climination of a Ny molecule
from the molecular ion of compound 1, the fragment ion
formed at m/e = 159, exhibited a loss of a CO group in the
generation of an intense ion peak, m/c = 131. Both the
high resolution mass measurement and the detection of the
metastable ion showed successive losses of two HCN mole-
cules from the ion observed at mfe = 131, which yielded
peaks at m/e = 104 and 77 in the spectrum. Severe skeletal
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Figure 3. The Mass Spectrum of 6,8-Dimethyltetrazalo[ 1,5 Jpyrimidin-5(6H)one.
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Figure 4. The Mass Spectrum of Ethyl trans-3-Methyltetrazole-5-acrylate.

rearrangements involving hydrogen atom migration and
possibly ring expansion must be implicated in the ion
fragmentation.

Both the molecular ions of compounds Ll and 1} after

eliminating a N, molecule, show a relatively strong loss of

a hydrogen radical in the generations of fragment ions at
m/e = 122 and 136 respectively.  The hydrogen atom
splitting off could be from the methyl group attached to

the six membered rin Both the high resolution mass

o
g

measurement and the meta-stable transition show the loss
of a CO molecule from the (MT-N2) fragment ions of
compounds Il and 11} in the generation of ions at m/e = 95
and 108 respectively asshown in Figures 2and 3. However,
the jon peak at m/e = 95 was found to be a doublet due to
ions of compositions C4Hg N3 and C4 H3 ON, with approxi-
mately equal contributions and the ion peak at m/e = 108
a singlet due to ions of composition CsHgNy. The ion,
C4H30N,, could be generated from the ion observed at
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Figure 5. The Mass Spectrum of Ethyl O-(5-Tetrazolyl)benzoate.

m/e = 122 with a loss of HCN molecule. The nitrogen
atomin the HCN molecule split off is suggested to be from
the secondary amine group on the sixth position. This is
consistent with the fact that the ion peak at m/e = 108 was
found to be singlet in the spectrum of compound 111, where
the nitrogen on the sixth position is methyl group substi-
tuted.

B) Competing and Consecutive Losses of N, and C, Hy.

Two heterocyclic compounds, 1V and V, both containing
an ethyl ester group, are studied. Their mass spectra are
shown in Figures 4 and 5 respectively. As expected, both

1
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molecular jons exhibit a loss of ethoxy group due to the
rupture of a bond a to the carbonyl group which is then
followed by a N, climination. Competing with this path
of consecutive fragmentations was found to be a one step
loss of a group with 28 mass units. Two structural groups
with 28 mass units are possible to split off. One is a nitro-
gen molecule splitting off by simple bond breaking and one

x—r_z\w1? N

N]__% —_— X—<\‘ + N=N @
N
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Y- C-0C,Hg ————  Y-C-OH + CHy=CHy ()

is an ethylene group splitting off possibly involving scram-
bling of the ethoxyl hydrogens (11), i.e. where X and Y
represent the remaining parts of molecules IV and V. High
resolution mass measurements proved that the primary 28
mass unit loss was exclusively anitrogen molecule (Scheme
3). Following the initial elimination of a nitrogen molecule
from the molecular jons, the competing and consecutive
losses of an ethylene molecule and a second nitrogen
molecule in the generation of final product ions at m/e = 98
and 134 in the spectra of compounds [V and V, respectively,
were found. The ion at m/e = 98 in the spectrum of
compound V was found to be a doublet due to ions of
compositions CsHg O, (61%) and C4HgON, (39%). The
origin of the generation of ion C4 H60N2+ is not known.
As shown in Figures 4 and 5 all the fragmentation mecha-
nisms discussed above are supported by both the ion
empirical formulaassigned from the highresolutionaccurate
mass measurement and the metastable ion transitions
observed using the defocusing technigues.

Conclusions.

High resolution mass spectrometry has been used to
study two types of primary competing reactions triggered
by two isobaric structural groups in the molecules under
70 ev electron impact. One is the case of the molecules
containing a carbonyl group and an azo group, where the
competing losses of CO and N, are expected. Oneisin the
case of molecules containing a azo group and an ethyl
ester group, where the competing losses of N; and C,H,
are anticipated. In both types of competing reactions, it
was found that the primary loss of 28 mass units was
exclusively a nitrogen molecule which was then followed

by the loss of CO or C,H,4.
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EXPERIMENTAL

The compounds were synthesized (14) by Dr. Eugene R. Wagner
of Chemical Biology Rescarch, The Dow Chemical Co. The mass
spectra were recorded with three types of mass spectrometers,
Varian MAT CH4B (1, 111, V, source lemperature 250°), CEC 21-491
(11, source temperature 200°) and CEC 211108 (1V, source tem-
perature 80°). The direct probe technique was employed in every
case. The energy of the ionizing electrons was maintained at 70 ev.
The accurated mass measurements were made with a Nier peak
matching unil attached to a CEC 21-110B double focusing mass
spectrometer. Theaccuracy of the measurement is within 10 ppm.
The beam defocusing technique for obtaining the metastable ion
transitions has been described elsewhere (15).
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