
CTRA OF SUBSTITTJTED BENZIMIDAZOLES 

and 

Department of Organic Chemistry, University of Aarhus, Aarhus C., Denmark 

Department of Organic ChemWy, University of Adelaide, Adelaide, South Australia 

A~&--The mass spectra of 22 benximidazoles are reported and discussed. The basic fragmentation 
patterns have been substantiated by deutecium billing, exact mass urcmcnts and appropriate 
rnct~t~b~e iom. Skzfeti by tbt psocczss %i433 a.Ke more ~ro~~~t in 
the spe&a of 2-bcnzoyl than 2-acetyi 

AKnKWGH the mass spectra of imidazoles2*3 and benzimidazolium barbiturata4 
have been discus the mass spectra le benzimidazoles has 

r&Xi. the mass of the ~~~~~S 
whie or Table ~m~sit~ons of i0ns 

determined by exact mass m urements are listed in Table 2. The presence of an 
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R’ R2 R3 R’ R5 
XIV H H H H H 
XV D H H D H 
XVI H H H H 4-Br 
XVII D H H D 4-Br 
XVIII Me H H H 4-Br 

XIX H Me Me H 4-Br 
XX Me H H H 3-NO2 
XXI H Me Me H 3-NO, 

TABLE 1. M.is SPeCrRA OF BENZIbIIDAZOLES 

IP m/e 
I( %) 

Iv’.bs’ 

1% 

V. mlc 
I(%) 

VI’ mle 
I(%) 

VIIP m/e 

I(%) 

XIII’ m/e 
I(%) 

XIV’ m/e 
I(%) 

XV’*’ m/e 
I(%) 

90 91 92 117 118 119(M) 120 
31520 3 5 loo 20 

90 93 94 104 131 132 133 134 
5 3 3 4 37 90 100 20 

50 63 64 65 72 73 77 89 90 91 92 116 117 118 119 131 132 
365733445223 5 5 10 6 66 8 

145 146(M) 147 
76 100 11 

41 51 52 63 65 77 90 103 104 118 129 130 131 132 156 157 
.I6 5 3 4411 5 4 7 6 3 13 27 5 7 81 

158(M) 159 
100 12 

27 39 43 44 45 63 64 77 78 90 91 92 118 119 120 122 131 132 
4 3 3 7 3 8.5 3 3 8 7 5 16 20 6 23 57 32 

149 150 164 165 166 167 
8 6 100 77 12 4 

39 43 45 51 52 63 64 65 73 90 91 92 118 119 143 144 145 147 
6 12 8 100 6 7 8 10 6 6 16 14 36 71 17 30 20 54 

162(M) 163 
72 8 

51 65 77 79 90 91 92 93 103 105 118 119 147 194 195 205 206 
6 8 23 7 6 13 9 7 8 15 33 46 22 10 18 35 80 

207 223 224(M) 225 
21 24 100 16 

39 44 51 63 64 65 77 78 79 90 91 92 103 105 106 118 119 120 
6 7 10 7 6 8 29 9 7 8 13 11 6 20 6 23 45 28 

121 147 148 149 194 195 1% 205 206 207 208 209 223 224 
12 14 10 5 9 13 8 30 100 38 22 11 18 79 

225 226 
71 29 

- 
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TABUI l-conrhued 
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XVIIb-c*’ m/e 104 105 118 119 120 121 147 148 155 156 157 158 183 184 185 
I(%) 8 9 31 61 48 18 15 17 40 6 40 6 67 20 78 

186 187 188 189 193 194 195 200 201 202 203 205 206 207 208 
41 15 10 12 12 14 6 11 12 12 12 loo 37 17 7 

272 273 274 275 284 285 286 287 288 289 300 301 302 303 304 
32 36 39 33 9 9 21 19 17 13 18 26 54 65 57 

305 306 
45 23 

XVIIId m/e 51 76 77 78 104 131 132 133 147 161 183 185 205 220 287 299 
I( %) 6 620 9 8 32 31 31 53 43 9 9 7 12 I 6 

301 315 316(M) 317 318(M) 319 
8 27 100 43 97 16 

XIX’ m/e 77 78 91 104 131 145 146 147 155 157 175 183 185 218 219 232 
I(%) 15 6 8 6 12 12 13 36 6 6 13 10 10 8 6 10 

233 234 235 285 287 299 300 301 302 303 312 313 314 315 316 
100 28 6 6 6 11 28 17 26 9 16 14 39 16 24 

328 329 330(M) 331 332(M) 333 
6 9 75 21 69 12 

XXI’ m/e 76 77 91 104 131 145 146 147 150 175 221 222 232 233 234 237 
I( %) 8 9 9 11 13 15 11 28 8 19 12 10 18 31 12 7 

249 250 251 262 265 267 281 295 296 297(M) 298 
7 13 6 11 8 21 10 20 11 loo 19 

AllpcaLsgreaterthan2%ofthebaaepcak(100%)arcrecordtd. 
Only peaks above m/e 90 are recorded. 
Because of the M-l and M-2 ions, the isotopic purity cannot be determined. 
All peaks greater than 5 % of the base peak are recorded. 

o- 
- HCN 

07 :I I 

100 H 118(M+) 

1 (I) s 

FIO. 1. 
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Compound 
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TABLE 2. Co HPOSTIONS OF !KH@ IOW IN THE SPECTRA OF 1-m 

m/e Composition Compound m/e Compo.sition 

I 63 
64 
91 

GH, 
‘3% 
G&N 

V 91 GH, 
118 WW 

VI 104 
118 
131 

GH,N 
Gh& 
GW’J, 

VII 118 
122 
131 

GKiN2 
&H,NS 
CaH,Nz 

XI 117 
118 
131 

CyH,N, 
C,H,N, 
CaHaN, 

XII 193 
194 

C, ,H,Nz 
C,SHU,I% 

XIII 91 C,H,N 
92 C,H,N 

118 C,H,N, 
119 C,H,N, 
120 C,HaN, 
143 CPH,N, 
144 C,H,N, 
145 C,H,Nz 
147 C,H,N,O 

XIV 

XVI 

XVIII 

XIX 

xx 

XXI 

XXII 

194 GJLJ’b 
195 CIJHIINZ 

205 CdW, 
2721274 CdWWr 

147 GW’W 
161 WWJ,O 
205 CJW2 
220 C,sH,,Nz 

3w3cQ CIdLN2Br 

233 GJLN2 

118 WWJ2 
119 WW, 
147 WW’J,O 
220 G3M’J,O 

233 G4W’J, 
267 fUWW2 

118 C,&N, 
119 ‘3W2 
122 C,H4NS 

asterisk (*) in the text or a figure indicates that a me&stable peak has been observed 
for the fragmentation in question. 

The mass spectra (Figs 1 and 2) of benzimidazole (I) and 2-methylbenzimidazole 
(III) should be compared with those3 of imidazole and 2-methylimidazole, respec- 
tively. The spectrum of benzimidazole (I) exhibits the molecular ion as the base peak, 
and the fragmentation process M-HCN-HCN-H* (to form C5H:, m/e 63). The 
initial loss of HCN probably produces u (m/e 91), and the spectrum (Table 1) of 
N-d,-benximidazole (II) shows loss of both HCN and DCN from the molecular ion, 
which indicates that the initial loss of HCN (Fig. 1) is non specific. This is also true 
of the M-HCN process in the spectrum of imidazole.3 
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FIG. 2. 

The mass spectrum (Fig. 2) of 2-methylbenzimidazole (III) exactly parallels that 
of 2-methylimidazole.” Comparison of the mass spectra of III and IV show that the 
M-HCN ion originates as in A (i.e. the m/e 104 ion in the spectrum of III remains 

b, m/e 90 

(4 @I - 

03 I ; +’ 
H 

c. m/e 131 

unchanged in that of IV). The MXH,CN* process involves the 2 and 3 positions 
(i.e. m/e 93 in III moves to 93/94 in IV), while the overall process M-CH&N-Hz 
(to b, m/e 90) may be explianed by the loss indicated in B (i.e. m/e 90 in III remains 
unchanged in IV). It is also probable that the M-H* ion (m/e 131) is formed by loss 
of a hydrogen atom from the Me group, with concomitant ring expansion to form 
the stable cation c (cf. Ref. 3). 
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The spectrum (Fig. 3) of 2-n-propylbenzimidazole (IX) shows pronounced loss of 
ethylene with accompanying H rearrangement to give m/e 132, the base peak of the 
spectrum. The structure of this fragment corresponds to the 2-methylbenzimidazole 
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FIG. 3. 

molecular ion, as the spectrum below m/e 132 is very similar to that (Fig. 2) of 
2-methylbenzimidazole. The formation of m/e 132 probably proceeds by the process 
d + e, with e then rearranging to the 2-methylbenzimidazole radical ion. A similar 
6-membered transition state has been invoked to explain the loss of ethylene from 
3-propylpyridines. 5 2Alkyloxazoles (where the alkyl group is greater than ethyl) 
also exhibit g-cleavage with hydrogen rearrangement to produce the 2-methyl- 
oxazole radical ion.6 

e, m/e 132 

d, m/e 160 

K ,,.---.* 
‘Q_ : + : N , \ *.__/ 

1 
) o- = I ;J 

II 
CHK 

/I. m/e 157 (R = --CH<H,) 
i, m/e 131 (R = H) 

X m/e 145 (R = MC) 
g. m/e 131 (R = H) 
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The spectra of V, VI and X are unexceptional. 5,6-Dimethylbenzimidazole (V), on 
electron impact, behaves like o-xylene,’ producing prominent M-H* and M-Me* 
ions, which may be represented as the tropylium species f and g, respectively. The 
mass spectrum (Table 1) of N-allylbenzimidazole (VI) exhibits loss of both a hydrogen 
radical and a CzH3 radical from the molecular ion to form the stable cations hand i, 
while the molecular ion of 2-phenylbenzimidazole (X) may decompose either by loss 
of benzonitrile to form a (m/e 91) or by successive losses of two molecules of HCN to 
form m/e 140 (C, iHa 3. 

91 

w :I N 
N %H5 
H 

(X) 103 

-G/HEN’ 19UM+) 
I 

‘-(t) 

II I IhO 167 
4 I I 

60 a lb0 120 140 160 180 
Ek 

FIG. 4. 

By far the most interesting features observed in the spectra (Figs 5 and 6) of the 
acylbenzimidazoles (XI and XII) are the pronounced skeletal rearrangement frag- 
ments which are produced by loss of carbon monoxide from the various molecular 
ions. Such processes are currently exciting much interest,’ and of particular relevance 
are the M-CO fragments which are present in the spectra of acylthiophenes.g 
Similar processes are generally not observed in the spectra of acylbenzenes ,(benzo- 
phenone is an exceptionlo). The M-CO fragment in the spectrum (Fig. 5) of 2- 
benzoylbenzimidazole is extremely pronounced (93% of the base peak), and its 
structure is probably that of the 2-phenylbenzimidazole radical ion (see i + k), as 
the spectrum below m/e 194 is very similar to that (Fig. 4) of 2-phenylbenzimidazole, 
except for the presence of peaks due to the benzoyl cation (m/e 105) and its decomposi- 
tion ions m/e 77 (base peak) and m/e 51. It is of interest to note that the expected a 
cleavage to carbnyl to produce the acylium cation I occurs only to the extent of 
2% of the base peak, and that the two major processes are the formation of the 
skeletal rearrangement ion and the production of the benzoyl cation. 
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i, m/e 222 S m/e 194 
I, m/e 135 

The skeletal r earrangement peak in the spectrum (Fig. 6) of 2-acetylbenzimidazole 
(XI) is not as pronounced as it is in that of XII (viz. 26 % for XI, 93 % for XII). The 
major process in this spectrum is M-CH,CO, which forms the benzimidazole 
radical ion (m/e 118, base peak), which fragments as described above. 

- HCXH 

40 60 

7 

- HCN 
* 

FIN. 5. 

When the secondary alcohols (XIII-XXI) are introduced into the mass spectro- 
meter through the heated inlet system, hydrogen is lost thermally, and the mass 
spectra obtained are those of the corresponding ketones. All these spectra contain 
M-CO fragments. The abundances of these ions relative to the base peaks in the 
spectra of the derived ketones are XIV, 100; XVI, 100; XVIII, 95; XIX, 62; XX, 43 ; 
and XXI, 92 %. 

The direct insertion technique was used to obtain the spectra (Figs 7 and 8 or 
Table 1) of the secondary alcohols XIII-XXI. Three processes are observed which 
are common to all spectra: (a) M-H,-CO. The loss of hydrogen is probably 
thermal since no metastable ions are observed for the process M-Hz. (b) The 
formation of the protonated benzimidazole or N-methylbenzimidazole cation (e.g. 
m for XIV and XVI), which is formed by cleavage of the bond between C-2 and the 
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2 

carbon bearing oxygen, with concomitant double hydrogen rearrangement. One of 
the migrating hydrogens is that attached to oxygen, as evidenced by the Spectra 

(Table 1) of XV and XVII. (c) The process M--G,W,R* (R = Br or NOz) frauds 
an ion whose ~rn~sit~~~ corr~s~~~ds to e ~~~~~~~~t~ ~~ot~~~t~ fonriyl- 
beady ok cation, 

speotra of the sadly a~~~huIs @IV- 
de inf~~ation conce g the nature of the substituent on nitrogen. 

and 8 or Table 1) of the l-Me and 1-H benzimidazoles fiIV-XXI) 
renoes, When hydrogen is bound gen (XIV, XVI, XIX and 
ion (the base peak in the spectra 

a one step process from the rnol~u~~~ ion, by corn 
NOz) and water (see F iuvolv~ are those bound to ~troge~ 
and oxygen (from the II in Table 1). A plausible structure for 
this ion is n (m/e 205 in the spectrum of XV), and its presence may be used to detect 
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the presence of the I-H substituent. No corresponding ions are o rved in the 
spectra (Fig. 8 or Table 1) of the secondary alcohols having I-methylsubstituents 
(XVIII and XX). 

Second, the (XIV, XVI, XIX and XXI) ibit 
M-II& ions. This is larly no nthes rum (Table 1) of XIV where 
the M---I-I20 ion con 80% of peak. two hydrogens involved in 
the M--W,0 process are again those bound to nitrogen and oxygen (see the spectrum 
of XYV, Table I). Thi s is not observed in the s ra of XVIII or XX. 

Third, the spectr bit an ion wbi~h is not 
grant ill those of 1 -II de~vat~ves~ in a one step process 
from the molecular ion) must be produced by rangement prooess, as 
it is formally derived by 61 cleavage to C-2 with accompanying rearrangement of the 
alcoholic oxygen to the benzimidazole system. Although the structure of this ion 
(mfe 147, C,H,N,O) is unknown its present allows the det~tion of the ~-methyl 

it~te~t* 
e maim f~t~r~~ of the spectra of X~V-~1 are in ~~bIe 3 and 
7 and 8. The spectrum (Table 1) of the substitut cohol mIIT) is un- 

exceptional ; the major process being loss of an acetyl radical from the 
to form the protonated benzimidazole cation m. 

Fre. 9, 

Skeletal rearrangement fragments are also observed in the spectrum (Fig. 9) of 
% 
of 

eon, ion,” 2 and that rage- 
ment proses which i~v~lve hydrogen transfers between the methyl group and the 
aromatic nucleus do not occur. l1 The sgtlrctra (Fig. 9, Table 1) of VII and XXII are 
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spectrum (Table 1) of 1~~-2~~iornethyl~~~ol~ (VIII) shows that the hydrogen 
involved in the M--SW ocess is bound to carbon. The hydrogen presumably 

the methyl up, and the ranranged molecular ion clearly cannot 
0 0. It is pro Ie that the 8ement is ~~ogo~ to that observed 

SH 

0, rn,‘e 164 

Other processes observ in the spectrum of VII are (1) M-Me -HCN and (2) 
arison of the spectra II and VIII shows that p 
as ~d~~t~ in p fm/e is not shifted t;o m/k 123)$ 
vowing loss of hyd attache to both carbo 

EXPERIMENTAL 

Mass spectra were mc8sural by the direct insertion technique with either an Hitachi P&in-Elmer 
RMU 6D spectrometer (I-VI ; IX-XII) or fm ASI. MS9 mass ameter (VII, VIII and XII& 
XXII) with a source ~~&t~ c& Ioo”. Exact Ms9, using a 

(10 % v&y d~~~n~ wi& hep 
entswcrtoorrcct towithin I5ppm, 

Compounds I, III and V wm purified commercial sample The following compounds were prcpar& 
by standard procedures: V1,13 VII,‘* IX,” Jc16, XI,” XII,” XIII,“’ XIV,‘* XV&l9 XVIII,20 XIX,‘* 

20 
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