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Dear Sir,

Mass Spectral Fragmentation of N1,N1-Dimethyl-N2-
azinylformamidines

Polyfunctional nitrogen ligands present very interesting
properties. In particular, they exhibit exceptionally high basic-
ity. In many cases chelation of the proton by two basic nitro-
gen atoms is possible. This e†ect strongly increases the
gas-phase basicity. The chelation e†ect of protons in the
proton-transfer reaction in the gas phase and of hydrogen in
the hydrogen bonding reaction in non-polar solvent has
recently been studied for amidinazines.1h3 For our experimen-
tal studies in the gas phase we used Fourier transform ion
cyclotron resonance (FT-ICR) mass spectrometry. We report
here the standard 70 eV mass spectra of N1,N1-dimethyl-N2-
azinylformamidines 1È4 (FDM*Aza). As model compounds
we used a series of N1,N1-dimethyl-N2-phenylformamidines
(FDM*X) for which mass spectral fragmentation has been
already reported.4h9

Amidinazines 1È4 were synthesized by the same procedure
as for the series of model formamidines FDM*X studied pre-
viously.10 Compounds 1 and 4 were recrystallized from

MeOH, then sublimed in vacuo. Compounds 2 and 3 were
puriÐed by distillation under reduced pressure. The structures
of FDM*Aza were conÐrmed by their IR and 1H NMR
spectra.

Mass spectra (electron ionization (EI), 70 eV) were recorded
using the FT-ICR mass spectrometer constructed at the Uni-
versity of NiceÈSophia Antipolis.11 The conditions of mea-
surements were the same as described previously.12 Except for
time-consuming signal accumulations, ion abundances of less
than about 3È5% were not signiÐcant. The usual mass range
was 17È400 u. The spectral resolution was close to 1000 at
m/z 100 with a digital resolution of D23 Hz (10~2 u at 100 u).

For isomeric amidinazines 1È3 (formula C8H11N3, Mr\only the position of the aza group varies. Therefore,149),
almost the same fragment ions (with di†erent abundances)
were observed in the mass spectra (Table 1). For compound 4
(formula containing two aza groups,C7H10N4, Mr \ 150),
fragments slightly di†erent from those given in Table 1 are
obtained (Fig. 1).

Table 1. Selected mass spectral data for amidinazines 1–3

Intensity of peak (%)

Ion m /z 1 2 3

M½~ 149 87 81 69

ÍMÉHË½ 148 100 100 18

ÍMÉCH
3
Ë½ 134 27 22 85

Í(MÉH) ÉHCNË½ 121 19 21 2

Í(MÉH) ÉC
2
H

3
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3
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6
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NË½ 78 62 67 91
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3
H
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ÍC
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4
NË½ 42 25 31 24

Figure 1. Mass spectrum (EI, 70 eV) of 4.
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A quick perusal at the mass spectral data obtained for 1È4
conÐrms the general routes of fragmentation proposed by
Gru� tzmacher and Kuschel5,6 for series of model formamidines
FDM*X. For 1 and 2 containing the aza group in the para-
and meta-position, respectively, two fragmentation routes (A
and B in Scheme 1) predominate, one with formation of the
corresponding azabenzimidazolium [M[ H]` (m/z 148) ion
and the other with formation of the (m/z 44) ion.[C2H6N]`
The azabenzimidazolium [M[ H]` ion is the base peak and
the ion is a very signiÐcant peak.[C2H6N]`

Cyclization reactions and formation of benzimidazolium
ions have been observed for FDM*X, but the [M[ H]` ion
was not the base peak.5,6 Its intensity varies with the nature of
X. An increase in peak intensity is observed for electron-
withdrawing substituents. This was explained on the grounds
of easier abstraction of the hydrogen atom in the ortho-
position to the amidine group by the electron-withdrawing
group during cyclization. Our results conÐrmed this obser-
vation. The aza group in a para- or meta-(pp\ 0.7613)
position is a stronger electron-withdrawing(pm\ 0.4513)
group than those studied previously : Cl (pm \ 0.3714),
COOMe and COMe in a meta-(pm \ 0.3514) (pm\ 0.3614)
position. Therefore, a high abundance (100%) of the azabenzi-
midazolium [M[ H]` ion is observed for the aza derivatives
1 and 2.

The contribution of route A is not signiÐcant in the frag-

mentation of the derivative 3 (m/z 148, 18%), containing one
aza group in the ortho-position. In the mass spectrum of
derivative 4, containing two aza groups (both groups in ortho-
positions), the azabenzimidazolium [M[ H]` (m/z 149) ion is
not present. This conÐrms that the absence of the hydrogen
atom in the ortho-position eliminates the formation of the cor-
responding imidazolium ion. For this reason, the other frag-
mentation routes (C and D in Scheme 2) predominate for
derivatives 3 and 4.

The ion formed by route C is a prominent[M[ CH3]`peak for 3 (85%) and 4 (76%). The (m/z 93) ion[C5H5N2]`formed by route D is the base peak for 3 whereas for 4 the
corresponding (m/z 94) ion is very signiÐcant[C4H4N3]`(79%). The molecular ion (m/z 150) is the base peak for 4.M`~

In conclusion, the behaviour of FDM*Aza containing aza
group(s) in di†erent position(s) on the phenyl ring conÐrms
the general route of fragmentation proposed by Gru� tzmacher
and Kuschel5,6 for FDM*X, for which the benzimidazolium
[M[ H]` ion can be formed.

Acknowledgements

E.D.R. thanks the Kosciuszko Foundation, New York, for a study/
research grant and Warsaw Agricultural University for leave of
absence. This work was partially supported by the Polish State Com-

Scheme 1. Favoured general routes of fragmentation for 1 and 2.

Scheme 2. Favoured general routes of fragmentation for 3 and 4.

( 1998 John Wiley & Sons, Ltd. J. Mass Spectrom, 33, 1029È1031 (1998)



JMS LETTERS 1031

mittee for ScientiÐc Research (KBN), the French Ministry of Research
and Higher Education (DREIF) and the Conseil Ge� ne� ral des Alpes
Maritimes.

Y ours,

E. D. M. DECOUZON,2 J.-F. GAL,2RACZYNŠ SKA,1*
P.-C. MARIA2 and R. W. TAFT3¤
1Institute of General Chemistry,
Agricultural University,
02528 Warsaw,
Poland
2FT-ICR Group,
Universite� de NiceÈSophia Antipolis,
06108 Nice Cedex 2,
France
3Department of Chemistry,
University of California,
Irvine,
California 92717,
USA

* Correspondence to : E. D. Raczyn� ska, Institute of General Chem-
istry Agricultural University (SGGW), Rakowiecka 26/30, 02-528
Warsaw, Poland

E-mail : raczynskae=delta.sggw.waw.pl
Contract/grant sponsor : Polish State Committee for ScientiÐc

Research (KBN) ; Contract/grant sponsor : French Ministry of
Research and Higher Education (DREIF) ; Contract/grant sponsor :
Conseil General des Alpes Maritimes.

¤ Deceased.

References
1. E. D. Raczyn� ska and R. W. Taft, Bull. Chem. Soc. Jpn. 70,

1297 (1997).
2. E. D. Raczyn� ska, M. Decouzon, J.-F. Gal, P.-C. Maria and R.

W. Taft, paper presented at the XXX Colloquium Spectro-
scopicum Internationale, Melbourne, 1997 (Book of
Abstracts, PS60, p. 145).

3. E. D. Raczyn� ska, R. W. Taft, P.-C. Maria, C. Laurence, J.-F.
Gal, M. Berthelot and F. Anvia, in Proceedings of the 6th
International Beijing Conference and Exhibition on Instrumen-
tal Analysis , C119 (1995).

4. A. K. Bose, I. Kugajevsky, P. T. Funke and K. G. Das, Tetra-
hedron Lett. 3065 (1965).

5. H.-F. Gru� tzmacher and H. Kuschel, Org. Mass Spectrom. 3,
605 (1970).

6. H. Kuschel and H.-F. Gru� tzmacher, Org. Mass Spectrom. 9,
395, 403, 408 (1974).

7. G. Ha� felinger, in The Chemistry of Amidines and Imidates ,
edited by S. Patai, Chapt. 1, p. 75. Wiley, Chichester (1975).

8. M. Medved, S. Stavber, V. Kramer, L. Bencic and J. Marsel,
Croat. Chem. Acta 49, 415 (1977).

9. S. Fornarini, in The Chemistry of Amidines and Imidates ,
edited by S. Patai and Z. Rappoport, Vol. 2, Chapt. 5, p. 301.
Wiley, Chichester (1991).

10. J. Oszczapowicz and E. D. Raczyn� ska, Pol. J. Chem. 57, 419
(1983).

11. M. Decouzon, J.-F. Gal, S. Geribaldi, P.-C. Maria and M.
Rouillard, Spectra 2000 17, 51 (1989).

12. M. Decouzon, J.-F. Gal, P.-C. Maria and E. D. Raczyn� ska,
Org. Mass Spectrom. 26, 1127 (1991).

13. C. D. Johnson, The Hammett Equation, p. 101. Cambridge
University Press, Cambridge (1973).

14. O. Exner in Correlation Analysis in Chemistry : Recent
Advances , edited by N. B. Chapman and J. Shorter, p. 439.
Plenum Press, New York (1978).

( 1998 John Wiley & Sons, Ltd. J. Mass Spectrom, 33, 1029È1031 (1998)


