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Mass Spectrometer as a Probe in the Synthesis of 
P-Substituted Benzimidazoles. 
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Department of Chemistry,lndian Institute of Technology, 
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Abstracb The pyrolysis of N,N’-diacyl-l,P-benzenediamines leads to the formation of 2-substituted 
benzimidazoles. This new synthetic approach towards the synthesis of 2-substituted 
benzfmidazoles is developed based on the electron impact studies of N,N’-diacyl-1,P 
benzenediamines under 70 eV conditions, in which important fragment ions corresponding to 2- 
substituted benzfmidazofes are observed. The mechanisms and ion-structures, proposed in the 
mass spectral study, are supported by high-resolution, B/E and s’/E linked-scan spectra and 
Collision Activated Decompositfon (CAD)-B/E linked-scan spectra. 

INTRODUCTION 

The past decade had witnessed the utility of the mass spectrometer as a reaction vessel with 

the aid of FT-ICR techniques.’ A few condensed phase reactions such as Claisen rearrangement,2 

Beckmann rearrangement3 e.t.c., have also been observed in gas phase. Mass spectrometric 

synthesis of ketals,’ acetates’ and esters’ are reported under Cl conditions. The structures of the 

product ions are identified with the help of CAD-MIKE spectra. Synthesis of quinazolone alkaloids 

and benzoxazinones by retro mass spectral analysis is achieved.’ However, there is no report of 

a gas phase reaction performed to excellence in the laboratory on observing the mass spectral 

decomposition processes. 

Mass spectral behaviour of substituted anilides has been fairly well documented.* Hydrogen 

migration has been noticed in the electron impact study of substituted pivalanilides.’ Ejection of 

neutral species is a favoured fragmentation observed in some ortho substituted anilides.“*” The 

electron impact study of various N,N’-diacyl-1,Bbenzenediamines (scheme 1) has been 

undertaken in this work in order to examine the occurrence of ortho interaction in the molecular 

ions leading to the ejection of neutral species which can give indication towards their thermal 

behaviour. 
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RESULTS AND DISCUSSION 

The base peak in the mass spectrum of N,N’-diacetyl-1,2_benzenediamine (compound 1) is 

observed at m/z 108, which corresponds to a stepwise loss of two ketene moieties from the M+’ 

as revealed by the linked-scan studies of the respective ions (Table 2 and 3). The most interesting 

fragment ion noticed in the mass spectrum of 1, is the ion a at m/z 132 (scheme 2,Table 1,Fig 

2). The accurate mass of the ion a is found to be 132.06811 which corresponds to an elemental 

composition of C,H,N,. This fact reveals that a is formed by the expulsion of CH,COOH from the 

M” of 1. Ion a is formed by three pathways as adduced from the B/E and B2/E linked-scan 

spectra (Table 2 and 3). The 2-methylbenzimidazole structure assigned to a is confirmed with the 

help of CAD-B/E linked scan spectra of a and that of the M l . of 2- methylbenzimidazole, taken 

as reference compound, which are found to be identical with the characteristic fragmentations 

(Fig 1). 
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Table l.Partial Mass Spectra of Compounds l-10*. 

* The figures in parenthesis indicate ths intensity of the ion. 
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Fig. 1 CAD- B/E linked-scan spectra of ions at (a) m/z 132 from M+*of 1 

(b) m/z 132, IA+*, of 11 (c) m/z 194 from M+*of 2 (d) m/z 194, M+*, 

of 12 (e) m/z 184 from M+* of 7 (1) m/z 132 , M+‘, of 13 . 

In the literature, the thermolysis of a few ortho substituted anilides has been shown to exhibit 

similar behaviour as observed in their El spectra. An interesting study on this perspective is the 

mass spectral retrosynthesis of o-phthalamic acids, ‘*in which both El and thermally induced H,O 
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loss is noticed. The regiochemistry of thermal deamination has been predicted from the 

distribution of fragment ions in the electron impact study of N,N’-substituted diamides of phthalic 

acid.13 Cyclisation of N-acetyl-N’-benzoyl-o-phenylenediamine with substituents in the 4 and 5 

positions of the phenylene moiety in a melt yielding a mixture of 2-methylbenzimidazole and 2- 

phenylbenzimidazole has been reported by Piotrovski etal” in 1975. 
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Fig. 2 El spectra of compound (a) 1 at the source temperature of 

150% (b) 1 at the source temperature of 2O’C (c) 7 at the 

source temperature of 150% fd) 7 at the source temperature 

of 2o.c . 
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me fragment ions corresponding to 2-substituted benzimidazoles are atso observed in all the 

other N,N’diacyl-1 ,Bbenzenediimines (compounds 2-8) studied (Table 1). The significant 

difference in these compounds, in comparison with 1, is the formation of the cyclic ion through 

two pathways (6) and (C) only (scheme 3). This is due to the absence of the 13 -hydrogen with 

respect to the -NH- group in the anilide moiety, making the pathway (A) in scheme 1 impossible 

in these compounds. BSubstituted benzimidazole radical cation structures are proposed for the 

[MCOOH] ions noticed in these compounds. The CAD-B/E linked-scan spectra of the ions at 

m/z 194 and m/z 184 from the molecular ions of 2 and 7 are found to be identical with those 

of the molecular ions of 2-phenylbenzimidazole and 2-(2-furyl)benzimidale respectively (Fig l), 

confirming the P-substituted benzimidazole structures proposed for the [M-COOH] ions in these 

compounds. 

- RCOOH 
L 

Scheme 3 

me fact, that the cyclised ion corresponding to 2-substituted benzimidazole is formed 

through the ortho interaction, is confirmed by the absence of [M-COOH] ion in compound 

9,(Table 1) where the two N-acyl groups are para to each other. Furthermore, the required 

regiochemistty for the formation of [M-COOH] ion is proved to be ortho N,N’-diacyl groups by 

the absence of such an ion in compound 10 (Table 1) wherein the amide functions are reversed. 

The transfer of the OH radical in the enol form of one of the anilide groups to the carbonyl 

carbon of the other followed by cyclisation in the molecular ions of these compounds (scheme 

3) resulting in the ejection of RCOOH is proposed for the direct formation of 2-substituted 

benzimidazole radical cations. 
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With this knowledge of the ortho substituted anilides to undergo thermal cyclisations and the 

El behaviour of N,N-diacyl-1 ,Bbenzenediamines (Compounds 1-8) affording 2-substituted 

benzimidazole radical cations in good abundances. the pyrolytic study of these compounds are 

undertaken. Interestingly, the simple pyrolysis of all the bis-anilides yielded the corresponding 

P-substituted benzimidazoles in good yields (Table S).This pyrolytic method can be considered 

to be superior when compared with the literature methods15 in the synthesis of bentimidazoles 

in having short reaction times, easy workup procedure and not requiring hazardous reagents.15 

The optimum temperatures and times to obtain maximum yields are shown in Table 5. 

The mass spectra of the compounds 1 and 7 are studied under cold conditions (ion-source 

temparature 2Q’C) to examine whether the formation of P-substituted benzimidazoles is by an 

initial thermal decomposition of the substrate in the ion-source prior to fragmentation. Since no 

significant change is observed in the intensities of the Mt. and the cyclised ions in the mass 

spectra of compounds 1 and 7 taken under normal source temperature conditions (15O’C) and 

cold conditions (Fig 2) it can be adduced that 2-substituted benzimidazole cation radicals are 

formed as a result of electron impact induced fragmentations. This argument is further supported 

by the fact that the formation of the 2-substituted benzimidazole cation radicals from the 

corresponding molecular ions are indicated by the metastable decompositions in the first field 

free region. 

CONCLUSIONS 

It can be concluded from this study that the careful probing of mass spectral fragmentations 

can lead to the synthetic clues in mimicking the gas phase reaction in the laboratory. The 

formation of 2-substituted benzimidazoles from N,N’-diacyl-1,Bbenzenediamines by thermolysis 

occurs by an unusual elimination of the corresponding carboxylic acid. The mechanism, involved 

in the elimination of RCOOH from the N,N’-diacyl-1,2_benzenediamines leading to the formation 

of 2-substituted benzimidazole in the pyrolytic method which is difficult to visualise, becomes 

evident from the electron impact study. 

EXPERIMENTAL 

Genera/ considerations: The melting points were determined on a Toshniwal capillary melting 

point apparatus and are uncorrected. The infrared spectra were recorded using Shimadzu IR- 

470 infrared spectrophotometer using KSr. The ‘H-NMR spectra were recorded with Hitachi R- 

600-60MHz nmr instrument. Mass spectra were taken on a Finnigan MAT 8230 mass 

spectrometer through direct probe insertion at 25’C. Accurate mass measurements were carried 

out at a resolution of 8000 (10% valley) at an ionisation energy of 70 eV and accelerating voltage 

of 3 kV and perfluorokerosene was used as the reference. The CAD-B/E linked-scan spectra, 
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in the first field free region were investigated using helium as the collision gas with a Finnigan 

MAT 8230 mass spectrometer at an ionisation energy of 70 eV and an accelerating voltage Of 

3kV. 

Preparation of N,N’-diacy/-1,2-benzenediamines : The compounds 1 and 9 were prepared 

according to the literature procedure16 and compound 10 was obtained by adopting the 

procedure reported by Ashare. l7 The bis-anilides 2-8 were prepared by reacting the acid 

chlorides obtained” with 1,2-benzenediamines.” All the N,N’diacyl-1,Bbenzenediamines 

synthesised were purified by recrystallisation using 85% ethanol. The yields and spectral data are 

tabulated in Table 4. 

Pyrolysis of N,N’-diacy-7,2-benzenediamines : In a typical procedure the N,N’-diacyl-1,2- 

benzenediamine (lmmol) was taken in 5Oml round-bottomed flask fitted with an air condenser 

and heated on a sand bath according to the conditions specified in Table 5. The resulting solid 

was extracted in dichloromethane ( 2 x 5Oml). The extract was washed thoroughly with saturated 

NaHCO, solution ( 100 ml ). The solvent was evaporated through rotaryevaporator and the crude 

products were obtained. Recrystallisation was effected in H,O for the compound where R = CH,, 

and in absolute ethanol for the other substituted benzimidazoles. All the 2substituted 

benzimidazoles were characterised thoroughly by their melting points and spectral data (Table 

5). 
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