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Behaviour of 1,4,5-Substituted Tetrazolines under Electron Impact:
Unambiguous Identification of Tetrazolium lons by CAD/MIKE Spectrometry
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The mass spectra of some 1,4,5-substituted tetrazolines were studied in order to establish the structure of
the compounds. An unusual cleavage of the molecular ion of the 5-phenyl-substituted tetrazolines was
observed, i.e. the loss of a phenyl radical leading to a tetrazolium ion. The tetrazolium ions undergo one or
two cycloreversions, depending on whether the tetrazoline bears two similar or two different
substituents on the cyclic nitrogen atoms, thus leading to the formation of one or two nitrilium ions.

The behaviour of 1,4,5-tetrazolines (1) under electron impact
has not previously been reported. Some investigations of
methylenetetrazolines,! tetrazolinones,?* and tetrazolium
salts* have been performed.

Under electron impact, the main observed fragmentations
may be classifed into three classes (Scheme 1). (1) The first is the
cleavage of the C(5)-R' or C(5-R? bond leading to the
formation of tetrazolium ions (3) and (3’) when R! # R2. (2)
The molecular ions (2) resulting from the tetrazolines give the
two possible cycloreversions a and b when the substituents R?
and R* are different leading to the imine molecular ions (4) and
(4'). The same phenomenon occurs with tetrazolium ion (3) and
(3) leading in this case to nitrilium ions (6), (6), (7), and (7). 3)
The tetrazoline molecular ion may lose nitrogen; this was
observed only in a few cases (mainly when R' = H, R? = Me).

The fragmentation paths that take place are clearly
established by analysis of the MIKE spectra of the various
ions.® The exact masses of these ions have been measured using
the peak-matching technique and correspond to the proposed
structures.

The tetrazolines we have studied are obtained by reduction or
alkylation of tetrazolium salts resulting from the cycloaddition
of azides to nitrilium salts.® The formation, under electron
impact, of the nitrilium ions (6), (6"), (7), and (7’) clearly shows
that the tetrazolines are 1,4,5- and not 1,2,5-substituted. This
establishes unambigously the orientation of the cycloaddition.

In order to facilitate our understanding of the competition
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during the fragmentation process, we have brought together in
Tables 1 and 2 the relative intensities of the various ions
appearing in the conventional mass spectrum.

Formation of the Tetrazolium Ions.—The loss of the radical
R! = Ph, an unusual fragmentation, can be seen for all the
molecular ions (2). It competes with the loss of a methyl radical
(an expected preferential fragmentation) when R! = Ph and
R? = Me. When R! = RZ = Me or Ph, we observe the
formation of only one tetrazolium ion, which makes the study of
their fragmentations much easier. The loss of hydrogen from (2)
is hardly observed [the resulting (M — H)* ion shows a relative
intensity of <19], except for (2a) [(3a) 12%,].

The loss of a phenyl radical occurs whenever R! = Ph
(whatever RZ—R* may be). This does not appear when R' (or
R?) # Ph even if R? or R* = Ph [tetrazolines (11 and m)]. In
order to check the validity of this specific fragmentation we have
studied the mass spectrum of the aminal (8) and looked for the

Table 1. Tetrazolines (1; R* = R*)

R® = R* = Me R® = R* = Et R® = R* = Ph
r AL N A — r — AL N

R! Ph Ph Ph Me Ph Ph Ph Ph

R? H Me Ph C=C-Ph Me Me Ph H Me
Tetrazo- (1a) (1b) (1¢c) (1d) (le) (1) (1g) (1h) (1i)

line

m/z % miz % miz Y% mjz % mfz % mz %  mz % miz Y% mjz %

@ 176 145 190 7 252 15 276 36 156 16 218 50 280 67 300 35 314 44
G)(—=R) 175 12 175 39 175 35 203 25 299 299 52
G)(—RYH 99 95 113 26 1 76 g9 90 141 65 4 17 203 8 3 07 W7 25
@=@) 119 4 133 12 195 185 219 66 85 8 147 21 209 35 181 100 195 59
®) (=N, 148 27 162 01 224 01 28 05 128 01 190 01 252 01 272 2 286 02
®=@) 118 100 118 100 18 14 132 63 180 91 180 100
M =1 @2 68 56 e 8 100 5 g 70 100 55 o5 132 67 60 8 s 15
Other base 104 100 104 100

peak
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Table 2. Tetrazolines (1; R* # R*)

R3® = Me, R* = Ph

A

R® = Me, R* = CH,Ph R® = Ph, R* = CH,Ph
A Ao

r Al ~ Rl s A
R! Ph Ph H Me Ph Ph Ph
R? Me Ph H H Ph H Ph
Tetrazoline 1j) (1k) (1) (1m) (In) (1p) (1g)
mjz % mfz %o mjz % mfz 76 mfz % mfz % mfz %
2) 266 3 328 22 162 225 176 22 314 4 314 44 390 0.6
3) (—-R?» 251 26 175 1.2 313 0.3
3) (—RY) 189 1 251 36 161 0.7 161 48 237 133 2317 27 313 0.8
@) (—R°N,) 209 5 271 16 105 100 119 77 257 12 195 18 271 66
(4) (—R*N,) 133 10 195 23 43 6 57 11 195 44 181 81 257 4
(5) (—=N,) 238 04 300 0.5 134 475 148 17 286 0.3 286 14 362
(6) (—R3N,) 194 1.3 118 36 194 13
7 (—R°NY) 132 7 194 41 104 63 104 % 180 27.5 118 29 194 6.7
(6") (—R*N,) 118 36 56 27 180 56
() (~R*N;) 56 14 118 74 42 20 2 4 118 100 104 25 180 14.3
Other base peak 91 100 91 100 77 100 91 100 91 100
IM-N,1**
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Scheme 1.

possible loss of a phenyl radical (Scheme 2). The fragmentation
of the molecular ion (9) under electron impact gives almost
exclusively ion (11) (100%) whereas ion (10) has a relative
intensity of 0.5%. The MIKE spectrum of (9) shows only ion
(11). As expected it is easier to obtain (11) from (9) (cleavage at
the B-position from a nitrogen atom) and hence we may
conclude that the loss of phenyl radical seems to be
characteristic of the molecular ion structure of 1,4,5-substituted
tetrazolines.

Evidence for the tetrazolium structure by CAD/MIKE
spectrometry. In order to establish the structure of the
tetrazolium ions (3) and (3), we have scanned their

CAD/MIKE spectra’ and also those of the tetrazolium ions
obtained from the corresponding synthesized salts.® Provided
the counter-ion of the salt is correctly chosen, the spectra are
superposable, thus stressing the strong probability of the
identity of the two ions. The Figure shows the similarity of the
CAD/MIKE spectra of the tetrazolium ions formed by frag-
mentation of the tetrazolines and those obtained from the
tetrazolium perchlorates.

Influence of the counter-ion of the tetrazolium salts. 1,4,5-
Tetrazolines are usually obtained from tetrazolium fluoro-
sulphonates or hexachloroantimonates. The anions of these
salts are inconvenient for mass spectrometry. In order to choose
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Figure. CAD/MIKE Spectra of m/z 203 ions

the most appropriate anion, we have examined the behaviour of
the following tetrazolium salts under electron impact. The

R
|
PN
Et—N7 1 \N—Et
\—y]
N=N
R = Me with FSO;~, BF,”, PFg" ClO,
R = Ph with SbClg~, FSO;~, PF™, ClO,~, BF,”

SbCl™ anion is inadequate as a number of the fragment ions
can be spotted in the same area as those of the cation. Moreover,
they show an important ‘memory effect’. The PF¢~ anion was
not chosen for two reasons. On the one hand, the probe
temperature required is too high (> 150 °C) inducing thermal
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decomposition. On the other hand, the anion is basic enough to
attract a proton when R = Me, leading to a methylene-
tetrazoline ion. The FSO,;” anion behaves like PF4~ but
the temperature requirement is less drastic so that it can be
used if R is an aryl substituent or when the formation of the
tetrazolium salts with other anions is difficult. The tetrazolium
tetrafluoroborates are fairly interesting: BF,” anion is less
basic than the others. However, when R = Me, we notice that
the relative abundance of the m/z 140 (M — 1)*" ion is greater
than that of m/z 141 (M *). Tetrazolium perchlorates turned out
to be best for our purpose although the required probe
temperature is slightly higher than for the fluoroborates. The
ClO,” anion is less basic than BF,~ towards the tetrazolium
ions. For example, with a direct-inlet temperature of 100 °C,
when R = Me, m/z 141 (M ™) is more abundant than m/z 140
(M — 1)*'. Consequently, ClO,~ was selected for the
CAD/MIKE study of cations (3) and (3’) for tetrazolium salts

D—(V).
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N
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N=N clos
(1) R¥’=R*2Me R=Me m/z 13
(1) R*=R*=Me R =Ph m/z 175
() R3=R*:= Et R =Me m/z 141

(Iv) R3= R%= Et R=Ph m/z 203
(V) =Me, R*=Ph R=Me m/z 175

p o]
w
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Cycloreversions from molecular ions (2) of the tetrazolines.
Some of the ions (4) and (4°) are the result of a cycloreversion
from molecular ions, as shown by the MIKE spectra of (2).
However, the origin is not unequivocal. They also originate
from the imines formed by the thermal cycloreversion of the
tetrazolines.® When R3 = R* = Me, Et, or Ph, only one ion is
observed (4) = (4'). In the case of (1h and i), the relative
intensity of the ion (4) is very high. If R? # R%, competition
between the two possibilities a or b is observed. It is very slight
when R? = Me and R* = CH,Ph and more appreciable in the
other cases (for example, R® = Me, R* = Ph).

Cycloreversions from tetrazolium ions (3) and (3'). The
cycloreversion of azides leads to the formation of nitrilium ions
(6), (6°), (7), and (7’) starting from (3) and (3') (MIKE spectra).
When R3 = R* = Me, Et, or Ph, only one cycloreversion is
observed and the relative abundance of the ions (6) = (6’) and
(7) = (7)) is very high. When R3? # R* the two expected
cycloreversions take place with relatively slight competition.

Loss of Nitrogen from Molecular Ions (2)—The relative
abundance of ions (5) (M — N,)*" is usually small (<0.5%)
except for when R' = H or Me and R? = H (47.5 and 17%,
respectively). MIKE spectrometry shows that at least part of
these ions results from molecular ion (2) by the loss of nitrogen.
Ions (5) may also result from the ionization of the diaziridines
produced in the thermal decomposition of the tetrazolines as
shown previously when R! and R? = H or Me.® CAD/MIKE
spectra of ions (5), and of the molecular ion of the
corresponding diaziridines,® are different. This shows that a
great part of the ions (5) does not have the diaziridine molecular
ion structure. Because of their small relative abundance, this
study was not continued.
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Experimental

The mass spectra were recorded on a Varian MAT 311 double-
focusing mass spectrometer with a reversed Nier-Johnson
geometry. Samples were introduced for electron-impact studies
via a direct-insertion probe. The emission current for 70 eV mass
spectra was 300 pA. The accelerating voltage was 3 kV. All mass
spectra were obtained at 1500 resolution (109 valley
definition). The source temperature was set at 120—130 °C for
tetrazolines and 170 °C for tetrazolium salts. The direct-inlet
temperature is indicated for each compound. High-resolution

Table 3. Data for new compounds

(a) Tetrazolium salts*

Salts R R3 R* Anion M.p. (°C)
(1) Me Me Me ClOo, 205
am Ph Me Me Clo, 158
(1) Me Et Et Clo, 153
(Ir) Me Et Et PF, 153
av) Ph Et Et Clo, 185
V) Me Me Ph Clo, 160

(b) Tetrazolines

Com- M.p.

pounds R! R2 R3 R* “C Yield (%)
af) Ph Me Et Et 34 75
(1g) Ph Ph Et Et 87 73
(1k) Ph Ph Me CH,Ph 94 50
(1p) H H Me Ph 76 41
(19 Ph Ph Ph CH,Ph 107 52

“ These salts were obtained by anion exchange: perchlorate—fluoro-
sulphonate (50—60%; yield), except for the hexafluorophosphate (III')
which was prepared by treating the corresponding nitrilium salt
(obtained from triethyloxonium hexafluorophosphate with acetonitrile)
and ethyl azide in 559 yield.

* For details of Supplementary Publications see Instructions for
Authors in J. Chem. Soc., Perkin Trans. 2, 1985, Issue 1.
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measurements were made at a resolution of 10 000 (10%; valley
definition). The MIKE and CAD/MIKE spectra were recorded
on the same spectrometer with a helium pressure of ca. 1074
Torr in the collision chamber.

The synthesis of tetrazolines and tetrazolium salts was
described in a previous paper.® Some new compounds have
been prepared and are listed in Table 3. The imines
Ph(Me)C=N-Me and Ph(Me)C=N-CH, Ph were obtained from
acetophenone and methylamime or benzylamine.® Compound
(9) was prepared according to ref. 10: m/z (inlet temperature
35°C) 258 (M*° 0.6%), 181 (0.5), 174 (100), 173 (12), 172 (6.8),
118(2.4),117(2.1), 106 (2.4), 104 (3.7),98 (2.7), 96 (4), 92 (4.2),91
(3.5), 85 (4.3), 84 (11.2), 69 (2.1), 65 (4.9), 52 (3.5), 51 (4.4), 50
(6.1), 44 (3.5), 43 (2.4), 42 (6.1), 41 (11.1), 39 (4), and 30 (3.4).
Mass spectral data of tetrazolines (1a—q) and tetrazolium salts
(I)>—~(V) are available as Supplementary Publication No SUP
56291 (7 pp.).*
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