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Dear Sir,

Mass Spectra of Methyl- and Phenyl-substituted Terfuroxan
(Terfurazan Trioxide) Derivatives

Derivatives of the furoxan system (1,2,5-oxadiazole 2-oxide,
furazan oxide) I have attracted the attention of many
researchers for their intriguing chemistry and for a debate
about their structure.1

The discovery that furoxans can behave as NO donors gave
rise to additional interest in this class of compounds.2,3 Mass
spectrometry is normally used as a routine analytical tool in
their characterization.4,5 The most important ions that occur

are [M [ NO]`, and [NO]`. This behaviour[M [ 2NO]`~
can be rationalized by assuming ring opening to the dinitroso
compound followed by cleavage for one or both NÈC bonds.
This is why the mass spectra of furoxan isomers (I, areRDR@)
relatively similar. In some cases, the ion can[M[ 2NO]`~
undergo additional fragmentation, a†ording the frag-C3H3`ment of the alkyne series. Pathways to explain theC

n
H2n~3formation of all of these ions are shown in Schemes 1 and 2,

exempliÐed in the case of dimethylfuroxan (I, R\R@\ CH3).Some diarylfuroxans4 show additional important peaks at
[M[ O]` and [M/2]`. The latter is due to a retro-1,3-
dipolar cycloaddition, as depicted in Scheme 2, in which the
main fragmentation processes of diphenylfuroxan (I, R \

are outlined.R@\C6H5)In a recent paper, we described the synthesis and structural
characterization of a series of terfuroxan derivatives which
display potent vasodilating activity.6 Here we report the
results of a mass spectrometric study undertaken on pairs of
isomers 4@,4A-diphenyl-3,3@ : 4@,3A-terfurazan 2@,5,5A-trioxide
(1a), 4@,4A-diphenyl-3,3@ : 4@,3A-terfurazan 2,2@,2A-trioxide (2a)
and 4@,4A-dimethyl-3,3@ : 4@,3A-terfurazan 2@,5,5A-trioxide (1b),
4@,4A-dimethyl-3,3@ : 4@,3A-terfurazan 2,2@,2A-trioxide (2b). Low-
resolution electron ionization (EI), chemical ionization (CI)
and tandem mass spectra were recorded with a Finnigan-
MAT TSQ-700 instrument. High-resolution EI mass spectra
were obtained on a VG TS-250 instrument. Collision-
activated decomposition (CAD) mass spectra were acquired
using argon as collision gas at 1 mTorr pressure (1
Torr \ 133.3 Pa). CI mass were acquired using isobutane as
reagent gas at 5500 mTorr pressure. Electric parameters are
reported on the basis of default instrumental values. Charac-
teristic spectra of two terfuroxan models are reported in Fig.
1.

All the compounds show ions of abundance \10%,M`~
with the exception of derivative 2b 16%). Only 1a leads(M`~,
to a very low abundance fragment. None of the[M [ O]`~

Scheme 1

Scheme 2

Contract/grant sponsor : NATO; Contract/grant number : DISRM.LG961369.

CCC 1076È5174/98/101037È03 $17.50 Received 11 May 1998
( 1998 John Wiley & Sons, Ltd. Accepted 8 July 1998



1038 JMS LETTERS

Figure 1. 70 eV EI mass spectra of derivatives 1a and 1b.

derivatives show [M/2]` ions, whereas the fragment [NO]`
is always present with low abundance (\20%). The most
important aspect shared by these spectra is the presence of a
series of six even-mass ions, which are alternatively even- and
odd-electron species. This series of ions has the general
formula MÈnNO (n \ 1È6). In the methyl isomers the Ðrst
three ions of the series (n \ 1È3) are of low abundance
(\ 16%) and the remaining ones of higher abundance. In par-
ticular, represent the base peaks. In the two[M [ 6NO]`~
phenyl isomers the only prominent peak of the series is [M

(100%) ; all the others display low or very low[ 6NO]`~
abundance. In particular in the derivative 1a, the abundance
of the [M [ NO]` ion is only 0.02%. To understand the
origin of these fragments, we have undertaken a study of the
parent and fragment ions of each term of the series, in all the
terfuroxans considered. Fragment ion analysis shows that
each fragment of the series [M[ nNO]` generates all the
ions of the series [M [ n@NO]` (n@\ 1, 2, . . . , 6Èn). Parent ion
analysis indicates that each ion of the series [M[ nNO]` is
generated by all of the ions of the series [M [ n@NO]` (n@\ 0,
1, 2, . . . , n [ 1). In conclusion, each M[ nNO]` ion has as
parents all the ions of the series with higher mass and as frag-
ments all the ions with lower mass than its own. This means
that each ion can subsequently lose the single NO radical that
it contains and perhaps two or more of these fragments simul-
taneously.

In these processes, the charge can be also retained on the
NO moiety, as the parent ions of this fragment demonstrate.
Appearance potentials of [M[ nNO]` ion series were
studied qualitatively in the case of derivatives 1a and 2a. No
evident di†erences in the abundances of the ions were
observed by lowering the energy of the electron beam in the
range 70È14 eV. This means that the extrusion of an NO
radical requires a relatively low activation energy. The
appearance potential of the nitrosonium ion NO` was 11 eV.
In the methyl derivatives the pentacetylene[M[ 6NO]`~
fragments undergo further fragmentation a†ording ions of the
polyalkyne series (Fig. 2).

The second characteristic shared by the mass spectra of the
considered terfuroxans is an unusual fragmentation of the
furoxan ring, never previously observed. This implies the for-
mation of characteristic ions at [R ] 28]` (R\CH3 , C6H5).High-resolution mass spectra of these [R ] 28]` fragments
indicate that they have elemental composition andC2H3Orespectively. Analysis of fragment and parent ionsC7H5O,
indicates that they generate the fragment R` and are gener-
ated mainly by and [M [ NO]` ions. A possible frag-M`~
mentation scheme able to rationalize the formation of these
fragments is reported in Scheme 3. It implies the rearrange-
ment of the lateral 3-methylfuroxan moiety to a 2,6-dioxa-1,3-
diaazabicyclo[3.1.0]hex-3-ene system 3, the Ðrst structure pro-
posed by Wieland for the furoxan ring.
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Figure 2. Fragments of 102 Da ion of derivative 1b obtained by EI tandem mass spectrometry at 100 eV.

EI tandem mass spectrometric experiments on the parent
ion of the methyl derivatives 1b and 2b by using twoM`~
di†erent collision energies (20 and 100 eV) show that a high
energy the 100% abundance peak was due to the
[M [ 6NO]` ion, whereas at low energy it was due to the 43
Da fragment. When the mass spectra of the methyl isomers
were recorded under CI conditions, only the [M] 1]` ion
was present. Its fragmentation at two di†erent collision kinetic
energies (20 and 35 eV) produced only 43 and 30 Da ions.
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