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Unusual behavior of benzofuroxans under
ESI MS conditions in negative ion mode
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The [M+H] ion (formal transfer of hydride) was observed for the first time in electrospray ionization (—) mass spectra of benzofuroxans.

Benzofuroxans (benzo-2,1,3-oxadiazole N-oxides) exhibit diverse
biological activity depending on the specific substitution within
the molecule. They are extensively investigated as NO-releasing
agents, calcium channel modulators, monoamine oxidase inhi-
bitors, fungicides, herbicides, etc.! High-nitrogen benzofuroxan
derivatives have been shown to be useful energetic materials.?
Benzofuroxans are the promising scaffolds for the synthesis of a
variety of heteroaromatic and polycyclic heterocyclic systems.?
It is important to note that benzofuroxans are extremely strong
neutral electrophiles in various processes including addition to
very weak carbon nucleophiles; for example, t-excessive arenes
(anilines, phenols or phenoxide ions) or heteroarenes (pyrroles,
indoles, furans) react under smooth conditions with benzofuroxans
affording quantitatively stable carbon bonded c-adducts which
are formally the products of SgAr substitution at the benzene
ring.* On the other hand, benzofuroxans can serve as organic
n-acceptors which have been extensively investigated as highly
efficient pairs for charge transfer complex formations.> Spectral
data of benzofuroxan derivatives are well documented.?®-> Several
mass spectrometry techniques have been developed to identify
benzofuroxan derivatives.2/)- Electrospray ionization mass spec-
trometry (ESI MS) is a useful technique for the analysis of
organic compounds; however, it has not been applied to furoxan
derivatives yet.
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Table 1 High-resolution, negative ion mode ESI mass spectrum of BTF 3
(solution in methanol, sodium formate was used for internal calibration).

mlz I Molecular mlz
Entry (experi- (ﬁ;(l)) formul'a Origin of the ion (calcu-
ment) of the ion lated)
1 296.9863 5 C;HN4Og [M+HCO,]” 296.9861
2 286.9575 4 CeNgOCl  [M+CI]~ 286.9573
3 266.9880 4 C;HN;O; [M+HCO,-NOJ~ 266.9870
4 2529963 3 C¢HNgOy  [M+H]™ 252.9963
5 251.9887 0.5 CgNgOg M- 251.9885
6 236.9903 0.5 C;HN,O4 [M+HCO,-2NOJ- 236.9891
7 221.9907 100 Cg¢NsOs [M-NOJ~ 221.9905
8 220.9952 20 C;HN,Os [M+HCO,-NO-NO,]- 220.9952
9 206.9914 1 C¢HNsO, [M+H-NO,]~ 207.0034
10 2059953 5 CeN5Oy [M-NO,|~ 205.9956
11 193.0002 20 C4gHN4,O4 [M+H-2NOJ~ 193.0003
12 191.9923 2 CeN4Oy [M-2NOJ~ 191.9925
13 177.0047 2 C¢HN,O; [M+H-NO-NO,|~ 177.0054
14 175.9974 4 CeN,4O3 [M-NO-NO,]~ 175.9976
15 163.0004 0.2 C¢HN3;O; [M+H-3NOJ~ 163.0023
16 161.9951 0.3 C¢N;04 [M-3NOJ~ 161.9945
17 147.0072 04 CgHN;0, [M+H-2NO-NO,|~ 147.0074
18 1459995 0.8 C¢N3;0, [M-2NO-NO,|~ 145.9996
19 133.9996 25  CsN;0, 133.9996
20 102.0099 1.5 CsN; 102.0098
21 94.0051 3 C3N;05 94.0047
22 90.0101 1.5 CyN; 90.0098

Our interest in benzofuroxan bearing electron-withdrawing
groups and/or fusing rings® prompted us to investigate the family
of compounds 1-7" using ESI MS technique.*

We found that benzotrifuroxan (3, BTF) does not give ions

under ESI(+) conditions and the negative mode electrospray mass
spectrum [ESI(-)] demonstrates molecular associates of BTF
with anions [M+HCO,]~ (in the presence of sodium formate
used as an internal calibrant) and [M + Cl]~ both usual for organic

¥ Benzofuroxans were synthesized using the reported procedures.®’
 High resolution mass spectra were measured on a Bruker maXis instru-
ment. The measurements were performed in a positive ion mode (interface
capillary voltage, 4.5 kV) or in a negative ion mode (3.2 kV); ISCID
energy, 0.0 eV; quadrupole ion energy, 3.0 eV; scanning mass range from
m/z 50 to 3000; external calibration was done with Electrospray Tuning
MixTM (Agilent) and internal calibration with sodium formate. A syringe
injection was used for solutions of BTF (5 pg cm™) in acetonitrile or
methanol (flow rate 3 mm? min!). Nitrogen was applied as a dry gas
(4.0 dm= min™"); interface temperature was set at 180 °C.
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Figure 1 (a¢) The molecular ion area of high resolution ESI(-) mass
spectrum of BTF; simulated peaks for (b) C4N¢Og" and (¢) C4gHN¢Og.
HCOONa was used as an internal calibrant.

compounds (Table 1, entries 1 and 2, respectively). Molecular
anion (entry 5) is quite usual for electronegative, nitrogen-rich
molecules.”

However, the presence of a negatively charged associate with
hydrogen [M+H]~ (Table 1, entry 4) is quite unusual and even
unbelievable for protic medium (methanol). It was also observed
in ESI(-) MS of compound 3 for acetonitrile used as a solvent,
and was not observed in APCI(-) MS (see Online Supplementary
Materials). To the best of our knowledge, ions [M+H]~ were
not previously reported for ESI except [M+H]~ (m/z 183) for
2,4-dinitrotoluene detected in cold plasma mass spectrometry.®

Associates [M+H]~ were also detected in ESI(-) MS for
benzofuroxan 1 (m/z 137.0355, calc. m/z 137.0357), benzo-
difuroxan 2 (m/z 195.0159, calc. m/z 195.0160), and, possibly,
for 4,6-dinitrobenzofuroxan 4 (m/z 227.0070, calc. m/z 227.0058,
overlap with isotopic peaks of [M—H]~ and M~). However, for
nitrobenzofuroxans bearing additional substituents, e.g., 7-amino-
4,6-dinitrobenzofuroxan S, 7-hydroxy-4,6-dinitrobenzofuroxan
6 and 7-methyl-4,6-dinitrobenzofuroxan 7, similar associates
(IM+H]") have not been observed (see Online Supplementary
Materials).

Fragments are easily formed for BTF-derived anions without
additional activation. Fragmentation pattern looks like an overlap
of decomposition of [M+HCO,], [M+H]", and M~ anions.
Successive loss of NO and NO, is well-known for furoxans in
ESI(+) mass spectra.’® Analogous processes were also revealed
in ESI(-) MS for BTF (Table 1) and other furoxans (Online
Supplementary Materials).

The formation of [M+H]~ seems doubtfully to be a primary
process. One can suppose that [M+H] ion presumably originates
by decarboxylation of [M+HCO,]™ ion; however, this hypothesis
is in contradiction with the formation of this anion in the absence
of the formate internal calibrant [see Figure S3(b), Online Sup-
plementary Materials]. Moreover, fragmentation of [M+HCO,]~
in the collision cell gives MS? spectrum which does not contain
[M+H] and its lower m/z part differs from that expected for
decomposition of [M+H]". This ion possibly originates from
[M+C,H;05] [see Figure S8(a),(b)]. To clarify the mechanism
of formation of [M +H]~ further studies are needed.

In conclusion, we observed formation of [M +H]" ion in ESI(-)
mass spectra (formal transfer of hydride) in protic medium for
the first time. The fact of observation of [M+H]™ may be useful
for ESI(-) MS identification of benzofuroxans, and, hopefully,
other high nitrogen compounds.

This work was supported by the Russian Foundation for Basic
Research (grant no. 12-03-12012-ofi_m).

Online Supplementary Materials
Supplementary data associated with this article can be found
in the online version at doi:10.1016/j.mencom.2014.04.014.
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