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FAB MASS Spectrometry of 6-aminofulvene-2-aldimines: non
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Abstract

The use of meta-nitrobenzyl alcohol (NBA) as matrix allows to obtain better spectra than those
recorded with the more popular matrix glycerol (G) in the analysis of fulvene derivatives by
FAB mass spectrometry. The influence of NBA on the mass spectra corresponds to its oxidative
properties. Finally, the necessary structural information was easily obtained through tandem

mass spectrometry experiments.
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Introduction

The characterisation of nitrogen containing compounds by FAB mass spectrometry' is generally
straightforward due to their basic properties.” Compared to other less polar organic molecules
such as ketones, alcohols or hydrocarbons, protonation of the nitrogen atom facilitates the
ionization providing an abundant protonated molecular ion in the positive ion spectra. This
behaviour considered as an advantage from an analytical point of view was nevertheless not
observed for some families of nitrogen containing structures,’ like pyrazolo[1,2-a]pyrazoles 1
(Scheme 1). These compounds are certainly polar due to their zwitterionic character but their

protonation is disfavoured since it would result in the loss of the aromaticity (Scheme 1).
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The peculiar behaviour in FAB mass spectrometry of nitrogen containing fulvenes 2 depicted
in Scheme 2 and Table 1 is reported in this article.
* Correspondence to: J-L. Aubagnac; E-mail: aubagnac@univ-montp2.fr
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Table 1. 6-Aminofulvene-2-aldimines 2. Compound R; R, R3 Molecular Weight

2a CH; CH; Pyr® 213

2b CH; CH; Tri® 215

2¢ CgHs H® C¢H;s 272

2d C¢Hs H® Tri® 263

2e C¢Hs HC Pyr® 261

2f Pyr® H® Pyr® 250

Apyr = -Pyrrolyl; ° Tri = 1H-1,2,4-triazolyl; ¢ These compounds are of type 4 (Scheme 2).
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Experimental Section

Synthesis

The syntheses of the studied compounds are described elsewhere.*

Mass spectrometry

FAB mass spectra were recorded on a Jeol JMS DX300 (Jeol Ltd, Tokyo, Japan). This
instrument is of EB design. The energy of the neutral atom beam was 3 keV (emission current 20
mA). Calibration was accomplished using Ultramark 1621 (Heraus, Karlsruhe, Germany) as a
reference. FAB mass spectra were measured at a mass resolution of 1000. Xenon was used as the
collision gas, at a pressure to reduce the beam of the parent ion by 30 %. The collision cell was
located in the field-free region before the electric sector. The collision energy was 3 keV. The
resulting fragment ions were analysed by the B/E linked scan method. Data were acquired and
processed with a HP Apollo series data system (Palo Alto, CA, USA) using the Jeol complement
software. Glycerol and meta-nitrobenzyl alcohol were purchased from Aldrich. The solutions
were prepared by directly dissolving the compounds in methanol and a drop of the matrix on the

probe tip.

Results and Discussion

There has been a considerable interest in non-classical aromatic compounds, and among them, 6-
hydroxyfulvene-2-aldehyde 3>° and 6-aminofulvene-2-aldimines 4™ have been extensively
studied (Scheme 2). Compound 3 is one representative of what Gilli has called RAHB
(Resonance Assisted Hydrogen Bond) characterised by an almost total delocalization of the n
system and very short O--O distances.” Compounds of type 4 were described by Miiller-
Westerdorff who even considered the possibility that these systems belonged to the family of
non-classical aromatic compounds.” This model suggests that in the case of 3 and 4 the NH
proton is in the middle of the hydrogen bond. Such assumption has been rejected,® but,
nevertheless, it remains that these structures do not possess lone pairs on the nitrogen which can
be easily protonated.

Ionization pathways not requiring protonated structures, as commonly found in FAB mass
spectrometry, were thus envisaged for these compounds. Therefore, three different processes of
ionization have been evidenced and classified according to their ease of occurrence.’

First, direct desorptions of preformed ions generate abundant ions in the gaseous phase.

Second, acid-base reactions are commonly encountered, especially when dealing with
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biomolecules, producing protonated or deprotonated molecular ions.

Finally, redox reactions may also occur depending on the nature of the matrix used and the
structures of the compounds under study. The loss of an electron is mainly observed when the
oxidative NBA matrix is employed leading to the simultaneous formation of the molecular ion
M" and NBA"? In contrast to glycerol, NBA allowed to inhibit reduction phenomenon during
FAB experiments.'*"!

Since the studied compounds 2 (Table 1) are weakly basic, the following behaviours were
expected in FAB mass spectrometry: (a) a less efficient ionization compared to what is usually
observed for nitrogen containing molecules implying that matrix ions should appear with more
important relative abundances. (b) the most significant positive ion spectra should be obtained
with the NBA matrix. (c) competitive formation of M" and of (M+H)" should occur in the

positive mode.

The recorded spectra displayed in Figures 1 to 4 confirmed the predicted behaviours. Similar
results were reported by Takayama et al. for compounds of low polarity.'*"*

Firstly, non-informative spectra were generated with glycerol since a unique structure (2b)
showed a very weak protonated molecular ion. The relevance of the NBA matrix previously
demonstrated with pyrazolo[1,2-a]pyrazoles’ was further confirmed by this work.

In the positive ion spectra of all studied compounds 2, M and MH" ions were detected with
noticeable abundances as detailed in Table 2. Due to the presence in compounds 2b and 2d of the
basic 4-H-1,2,4-triazol-4-yl moiety which can be easily protonated (for instance, 4-methyl-1,2,4-
triazole, pK, = 3.40),"° the MH"/M" ratio is higher than for the other compounds. Figures 1 and 3,
which correspond to the spectra of compounds 2c and 2d, respectively, illustrate these
differences. It should also be noted however that that the ratio is 3.12 for 2d but only 1.59 for 2b.
Thus, the M" ion must be more stabilised for the latter structure.

By comparing the FAB mass spectra of the six fulvenes 2 recorded with NBA as matrix,
compound 2a was found to exhibit the most abundant molecular ion at m/z 213, matrix and
fragment ions being weakly detected in this sample. The M" ion must be strongly stabilised as
already discussed for compound 2b (see above). Therefore, despite the lack of RAHB, these two
compounds (R; = R, = CHj3) are not easily protonated but they loss instead an electron yielding

to a highly delocalised radical cation.
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Figure 1. Positive ion FAB mass spectrum of compound 2¢ recorded with NBA

Considering the dipolar resonance forms of compounds 2 and 4, which are stabilised by the
aromaticity of the cyclopentadienide anion, the electron which has been lost must come from the
lone pair of the nitrogen atom bearing the Rj; substituent. Consequently, the intramolecular
hydrogen bond (IMHB) present in 4 should make difficult the loss of an electron and the

concomitant formation of the M species.
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Figure 2. Negative ion FAB mass spectrum of compound 2¢ recorded with NBA
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Table 2. Positive ion Fast Atom Bombardment mass spectra (Matrix: NBA)®

Comp. Molecular MH" M* (M+H)'/MY (M-1)' Other ions
Weight ratio
2a 213 214{60) 213(100) 0.60 212(40) 169 (9)
147(21)
132(30)
2b 215 216(100) 215(63) 1.59 - 147(54)
132(36)
2¢ 272 273{68) 272(100) 0.68 271{10) 180(54)
2d 263 264{100) 263(32) 3.12 -——- 195(68)
193(24)
L6720
2e 261 262(58) 261(100) 0.58 260(34) 195(19)
193(14)
180(26)
2f 250 51(100) 250(95) 1.05 -—-- 184{60)
169(75)

“For each spectrum, the most abundant ion was given an abundance 100; the matrix ions were omitted, the mass of each ion

was calculated with the most abundant 1sotope of each element; 4
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Figure 3. Positive ion FAB mass spectrum of compound 2d recorded with NBA
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Figure 4. Negative ion FAB mass spectrum of compound 2d recorded with NBA
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Figure 5. CAD mass spectrum of the molecular ion of compound 2¢
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The effect of the basicity of the triazolyl residue on the stabilisation of the (M+H)" ion and
the effect of the IMHB on the destabilisation of the M" ion can be represented by the following
equation: (M+H)"/M" ratio = (1.9+0.3) Tri + (0.9+0.2) IMHB, n = 6, R* = 0.95 where Tri= 1 ifa
triazole is present and O if it is absent and IMHB = 1 or O if an IMHB is present or absent

(Scheme 3).
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Scheme 3

In the negative ion spectra, ions related to the NBA matrix'¢ (m/z 46, 122, 153, 199, 305, 306,
352, 458, 459) are numerous and abundant and a single ion featuring the compound under study
i.e. (M-H) is detected with a low abundance (Figures 2 and 4 for the negative ion spectra of
compounds 2¢ and 2d, respectively).

Although fragment ions were detected in all positive FAB mass spectra of compounds 2,
tandem experiments were undertaken to provide unambiguous structural assessments.'” Indeed,
matrix ions were interfering with these low mass ions in the FAB spectra whereas collision
activated dissociation (CAD) spectra contained solely the fragment ions issued from the selected
precursor ion. For instance, a fragment ion at m/z 180 was seen in the positive ion FAB spectrum
of compound 2¢. The CAD spectrum of the molecular ion M" at m/z 272 is reproduced in Figure
5 and displayed the aforementioned fragment ion at m/z 180 but also additional ions at m/z 168,
104 and 77. The latter at m/z 77 could have been mistaken with a NBA related ion in the direct
FAB experiment.

All CAD data are compiled in Table 3. The most abundant ion was chosen as precursor ion
i.e. M" for structure 2a, 2¢, 2e and MH" for 2b, 2d and 2f. All CAD spectra contained the ion at
m/z 77, which can be attributed to the even electron ion C¢Hs ', particularly stable in mass
spectrometry, thus featuring the cycle. Two observed fragmentations allowed to identify the R3
substituent (Table 3). First, R; and RsH were lost from M" and MH", respectively. Second,
RNH; and RsNH, were lost from M™ and MH", respectively.
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Table 3. CAD Spectra. Comp. Studied Ion m/z Fragment ions Neutral loss

2aM" 213 169 (65)

147 (60) R;

132 (100)

104 (35)

77 (50)

2b MH" 216 147 (100) R3H
132 (85)

118 (35)

77 (45)

2c M 272 180 (80)

168 (25)

104 (40)

77 (100)

2d MH" 264 195 (100) RsH
193 (45)

167 (30)

104 (35)

77 (100)

2e M 261 195 (20) R;
193 (30)

180 (40)

157 (45)

104 (45)

77 (100)

2f MH" 251 184 (100) R3H
169 (65)

157 (50)

118 (40)

77 (100)
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Conclusions

FAB mass spectrometry is a standard analytical technique to characterise organic molecules. The
assumption that an abundant protonated molecular ion is produced in the positive mode is not
necessarily valid and must be considered with caution according to the nature of the studied
compound. Indeed, in some cases, protonation may impart some destabilisation and thus is
disfavoured. Under such conditions, the choice of the matrix is the key step to achieve a
successful analysis. In contrast to glycerol, ionization by electron transfer is allowed with the
oxidative NBA matrix producing informative ions i.e. molecular ion as well as fragment ions.
Such particular behaviour previously demonstrated with pyrazolo[1,2-a]pyrazoles was extended
to fulvenes, a second family of nitrogen containing molecules. Finally, compounds of type 4
cannot be considered as non-classical aromatic compounds, although the strong IMHB has

important consequences on their behaviour in mass spectrometry.
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