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The mass spectra of some 3-, 4-, a n d  5-substituted thiophene-2-carboxylic acids a t  70 eV are reported. 
The majority of isomeric 5- and 3-substituted compounds can be differentiated by mass spectrometry. In 
3-methyl-, 3-methoxy, 3-thiomethyl-, 3-methylsulphinyl-, 3-formyl-thiophene-2-carboxylic acids the 
fragmentation is influenced by a n  "orthc-effect" which activates the H20 elimination. 

We recently studied the electron impact mass spectra of some 5- and 3-substituted 
thiophene-2-carboxamides' and some substituted thiophene-2-* and 3-carboxani- 
l i d e ~ . ~  The mass spectra of aromatic carboxylic acids have been widely d i ~ c u s s e d ~ - ' ~  
but few investigations on thiophene carboxylic acids have been reported.I6 Here we 
report the electron impact mass spectra at 70 eV of some 3-, 4- and 5-substituted 
thiophene-2-carboxyiic acids I 
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in order to  study the effect of the substituent in 3-, 4- and 5-positions in the thio- 
phene ring on the fragmentation. 

*Author  to whom all corresoondence should he addressed 
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62 S. FISICHELLA er al. 

RESULTS AND DISCUSSION 

The mass spectra of the compounds I at 70 eV are listed in the table. The fragmen- 
tation processes discussed are supported by labelling experiments; transitions sub- 
stantiated by an appropriate metastable peak (directly observed in the 70 eV mass 
spectrum) are indicated by an asterisk. The molecular ions are very intense, always 
greater than 50%, forming the base peak in many cases. 

Thiophene-2-carboxylic acidI6 (compound no. 1) shows as primary main degrada- 
tion reaction the loss of OH, confirmed by labelling experiments, followed by CO 
elimination (Scheme 1). 

m/z 39 1 -cs 

-C:H: I 
m/z 57 

SCHEME 1 

The fragmentation of 3-, 4- and 5-methyl-thiophene-2-carboxylic acids (com- 
pounds no. 2, 3 and 4) starts with the loss of the OH' radical, followed by CO elim- 
ination to give an intense ion at m/z 97 characteristic for alkylthiophenes.16-21 
These compounds give intense [M-HI' peaks and the [M-CH3]' peaks are absent, 
whereas the corresponding benzene derivatives do  not show significant EM-HI' 
peaks and show relatively unimportant [M-CHs]' peaks.' 3-Methyl-thiophene-2- 
carboxylic acid gives an intense [M-H20]'' peak (rel. int. 37%) which is also ob- 
served at 15 eV; this transition is supported by the corresponding metastable peak. 
The expulsion of H20 from the molecular ion is attributed to the orrho-interaction 
of the methyl group with the carboxylic function, this occurring between the OH of 
the carboxylic group and the H atom from the nearby methyl group. This transi- 
tion involves a six-membered state and has been used to explain the formation of 
[M-HzOl:' peaks in the mass spectra of o-hydroxybenzylalcohol," o-hydroxyben- 
zoic acid, anthranilic acidz3 and o-mercaptobenzoic acid.14 The [M-H20]+' peak 
is absent in 4- and 5-methyl derivatives and thus 3-methyl-thiophene-2-carboxylic 
acid can be distinguished from 4- and 5-isomers by mass spectrometry. 4- and 5- 
Methyl-thiophene-2-carboxylic acids also show loss of the carboxylic group in one 
step, this elimination being supported by the corresponding metastable peak. 

The plots of relative intensity against nominal ionization energy of the more im- 
portant primary fragmentation processes indicate that the loss of OH is the more 
energetically favorable decomposition process in 3-, 4- and 5-methyl-thiophene-2- 
carboxylic acids (Figure 1). 

The mass spectrum of 3-methoxy-thiophene-2-carboxylic acid (compound no. 5) 
shows intense [M-OH]', [M-CHO]' and [M-CHO-HzO]' peaks. The [M-CHO]' 
peak is due to the migration of an hydrogen atom from the methoxy group to the 
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FIGURE 1 
fragmentation processes of 3-. 4- and 5-methyl-thiophene-2-carboxylic acids. 

Plots of relative intensity against ionization nominal energy of the more important primary 
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64 S. FISICHELLA er 01 

carbonyl oxygen, leading to the rearranged molecular ion b which then expels a 
formyl radical* to give the ion c (Scheme 2). 

OH OH 
m/z 158 (100%) m/z 129 (30%) m/z 1 1  1 (50%) 

SCHEME 2 
a b C 

In the spectrum of the corresponding labelled derivative (corrected for do contribu- 
tions) the expected total shift of the ion c at m/z 130 is not observed but the m/z 
129 peak is also present, indicating the existence of an equilibrium between a and b 
before the occurrence of fragmentation. The 3-Methoxy derivative also shows a 
weakly [M-HzO]" peak. The [M-HzO]" peak found for 3-methoxy-thiophene-2- 
carboxylic acid is produced by a specific "ortho-effe~t"" '~~ similar to 3-methyl-thi- 
ophene-2-carboxylic acid. The [M-HzO]" radical ion undergo H loss; the relative 
intensity of the [M-H30]' ion is 13% in the 3-methoxy derivative, while it is negli- 
gible in 3-methyl- and 3-thiomethyl-thiophene-2-carboxylic acids (Scheme 3) 

d 
SCHEME 3 

as is also found for corresponding 3-substituted thiophene-2-carboxamides. 
5-Methoxy-thiophene-2-carboxylic acid (compound no. 6) has a different mass 

spectrum than that of the 3-analogue. In fact in this compound [M-Hz~]", 
[M-CHO]' and [M-CHO-H20]' peaks are absent and the base peak is the 
[M-CH3-CO]' ion (m/z 115). The [M-CH3-CO]' peak for 3-methoxy deriva- 
tive is only 2%. Only in the 5-methoxy-thiophene-2-carboxylic acid is the 
[M-COZ]" peak present, as is also found in some methyl-substituted benzoic 
acids.7 
3-Methylthio-thiophene-2-carboxylic acid (compound no. 7) gives [M-OH]', 

[M-HzO]', [M-CHs]' and [M-SH]' peaks. The [M-SH peak is the most in- 
tense; SH loss is a feature of SCHs group fragmentation.'*')'In the spectra of the 
deuterated acid (corrected for do contributions), there appears a [M-DS]' peak, 
indicating that the deuterium of the acid is not retained solely in the carboxyl grou 
after ionization; it appears to  be partially scattered in the S-methyl group 
(Scheme 4). 
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S C H ~ D ~  * '  

COOH 
a O C O O H  2L ~ f ~ o H  - 0 

SCHEME 4 

This skeletal rearrangement, which affords the [M-SH]' ion, becomes more prom- 
inent when the formation of [M-CH3]' ion is not especially favorable. 

For 5-methylthio-thiophene-2-carboxylic acid (compound no. 8) the most intense 
peaks are [M-CH3]' and [M-CH3-CO]'. The intensity of the [M-SH]' ion in 
the 5-methylthio derivative is drastically suppressed in comparison with that of the 
3-analogue, as is found in the corresponding benzene derivatives." For the 5-methyl- 
thio derivatives the routes of fragmentation are: 

1 )  [MI" + [M-OH]' - [M-OH-CO]' - [M-OH-CO-CH3]" 

[ M-CH i-CO]' 7 
\ 

[M-CHr-CS]' 

2) [MI" I_ [M-CH3]' 

3-Methylsulphonyl-thiophene-2-carboxylic acid (compound no. 9) shows a weak 
peak at m/z 175 due to CHsO' loss from the rearranged molecular ion e, similar to 
phenylalkyls~lphones~~ and diarylsulphones.26 This loss is confirmed by the mass 
spectra of the labelled derivatives. The 3-methylsulphonyl derivative gives also an 
intense m/z 143 peak due to CH3SO' loss from the rearranged molecular ion f 
(Scheme 5). 

0 

S-OCHJ 1" II oso '+  - 
-CHIO' 

O C O O H  COOH 

O C O O H  

e 

0 

- 
- C H S O '  ao 

COOH 

1' 
m/z 115 -co 

f 
SCHEME 5 

Another route of fragmentation is: 

[MI" [M--CH3]' A [M-CH3-S02]' - 
- [M-CH,-S02-OH]" - [M-CH~-SO~-OH--CO]" 

The fragmentation of the 5-methylsulphonyl-thiophene-2-carboxylic acid (com- 
pound no. 10) is the same than that of 3-derivative. However in the 3-derivative the 
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66 S. FISICHELLA et al. 

base peak is the molecular ion, in the 5-derivative the base peak is the ion corre- 
sponding to m/z 115. 

For 3-methylsulphinyl-thiophene-2-carboxylic acid (corqpound no. 1 1) the base 
peak is the [M-CH$ ion. The main route of fragmentation is: 

[MI" - [M-CH,]' - [M-CH3--SO]' - [M-CHj-SO-OH]" - - [M--CH~--SO-OH-CO]" 

similar to that found for the 3-methylsulphonyl derivative. The 3-Methylsulphinyl 
derivative also shows H20 and HCOOH eliminations from the molecular ion, indi- 
cated by metastables. The 3-methylsulphinyl compound shows a m/z 159 weak 
peak due to CH3O' loss from the rearranged molecular ion g as found for 3-methyl- 
sulphonyl derivative (Scheme 6) .  

0 

SCHEME 6 

3-Formyl-thiophene-2-carboxylic acid (compound no. 12) has a [M-OH-CO]' 
base peak and gives also [M-HtO]" (supported by the corresponding metastable 
peak), [M-HI' and [M-CO]' peaks. The [M-HI' peak is also given by phthalal- 
dehydic acid' and has almost the same intensity. The molecular ion and [M-CO]" 
radical ion are the only peaks present in the mass spectrum at 12 eV. 

3-Methyl-, 3-methoxy-, 3-thiomethyl-, 3-methylsulphinyl-, 3-formyl-thiophene-2- 
carboxylic acids give the [M-H20]'' peak which is due to an "ortho-effect", the 
plots of relative intensity of this fragmentation process against nominal ionization 
energy for these compounds are shown in Figure 2. It is evident that 3-methyl-thio- 
phene-2-carboxylic acid shows the more energetically favorable decomposition. 
Steric factors probably inhibit the occurrence of the [M-H20]+' peak in 3-methyl- 
sulphonyl-thiophene-2-carboxylic acid, as is found for corresponding 3-substituted 
thiophene-2-carboxamide.' 

For 5-ethyl-thiophene-2-carboxylic acid (compound no. 13) the base peak is the 
[M-CHJ' ion and shows the metastable supported COOH loss from the molecular 
ion to give the ion at  m/z 111. Another feature observed is the following 
degradation: 

[MI'' - [M-OH]' a [M-OH-C2H2]' 

which gives a m/z 113 ion. 

molecular ion. For this compound the main routes of fragmentation are: 
5-Nitro-thiophene-2-carboxylic acid (compound no. 14) shows as base peak the 

1)  [MI" - [M-OH]' - [M-OH-NOJ - [M-OH-NO~-CO]' 

2) [MI" - [M-NO]' - [M-NO-CO]' - [M-NO-CO-CO]' 

The halogenoderivatives (compounds no. 15-19) show the following fragmenta- 
tion route: 

[MI'' A [M-OH]' a [M-OH-CO]' - [M-OH-CO-CS]' 
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FIGURE 2 Plots of relative intensity of the [M-HzO]“ peak against ionization nominal energy of  3- 
methyl-(2), 3-methoxy-(S), 3-1 hiomethyl-(7), 3-methylsulphinyl-( I I ) ,  3-formyl-( 12)-thiophene-2-carbox- 
ylic acids. 

3-, 4- and 5-Bromo-thiophene-2-carboxylic acids (compounds no. 16-18) give a sim- 
ilar fragmentation route and thus it is not possible to distinguish between the iso- 
meric bromo derivatives by mass spectrometry. 

EXPERIMENTAL 

3-Methyl-,” 4-1nethyl-,~* 5-1nethyl-,’~ 3-meth0xy-,’~ 5-methoxy-,” 3-methylthio-,” 5-methylthio-,” 3- 
methylsulphonyl-,’4 5-methylsul h ~ n y l - , ~ ’  3-methylsulphinyl-,” 3-f0rrnyl-,’~ 5 - e t h ~ I - , ’ ~  5-nItro-,” 3- 
f l~o ro - , ’~  3-brom0-,’~ 4-br0mo-.’~5-bromo-~~ 3-1odo-,’~ and thiophene-2-carboxylic acid” were prepared 
a s  reported. 

T h e  mass spectra were recorded on  LKB 9000 S mass spectrometer with ion source temperature 
250°C. using direct inlet probe technique at a n  ionizing voltage of 70 eV and at room temperature. 
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