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THE MASS SPECTRA OF SOME THIOPHENE 
2- AND 3-CARBOXANILIDES 

S.  FISICHELLA, S. OCCHIPINTI, G. ALBERGHINA, and M. E. AMATO 

Istituto Dipartimentale di Chimica e Chimica Industriale, Universita di Catania, 
Viale A .  Doria 6, 95125 Catania (Italy). 

(Receiiwl October 24, 1980) 

Mass spectra of some substituted thiophene-2-carboxanilides and thiophene-3-carboxanilides at 70 eV are reported. 
Primary main degradation reaction of these compounds occurs by cleavage of the amide bond, followed by CO elimina- 
tion. The substituent effects on mass spectra are related by the Hammett equation. The plots of log Z/Z, for substituted 
thiophene-3-carboxanilides against u ( r  = 0.972; p = 0.486) and u' ( r  = 0.905; p = 0.346) are linear. The plot for 3- 
substituted thiophene-2-carboxanilides against 17 give poor linearity ( r  = 0.797); p = - 0.098). 

We have reported the spectroscopic properties of 
some thienyll-' and fury1  compound^.^-^ Since 
no mass spectra data on carboxamides with 
heteroaromatic five-membered nuclei have been 
reported we have undertaken a study of electron 
impact mass spectra of some 5- and 3-substituted 
thiophene-2-carboxamides' and some substituted 
thiophene-2-oarbo~anilides.~ Here we report the 
electron impact mass spectra at 70 eV of some 3- 
substituted thiophene-2-carboxanilides I and some 
substituted thiophene-3-carboxanilides 11. 

X 

C J C O N H ~  

I 
X = (1) CH,O, (2) CH,, (3) I, (4) SCH,, ( 5 )  SO2CH3 

I1 
X = (6) p-CH30, (7) m-CH,O, (8) p-CH,, (9) m-CH,, 
(10) H, (11) p-C1, (12) m-CI, (13) p-NO,. (14) m-NO,. 

RESULTS AND DISCUSSION 

The mass spectra of the compounds I and I1 listed 
in Table I are characterized by the occurrence of 
only few peaks with high relative intensity, indicat- 

ing that there are only few favoured decomposition 
routes. The spectra reveal analogies with the 
fragmentation patterns of benzanilides" and tolu- 
anilides.' Primary main degradation reaction of 
these heterocyclic carboxanilides occurs by cleav- 
age of the amide bond followed by CO elimina- 
t i 0 n ~ 3 ~  and the following Scheme 1 shows the 
general fragmentation pathway. 

1 f. l+ 

step2 -CO I A .... 4-cs  Q+ 

SCHEME 1 

The amide bond cleavage produce [X-C4H2SCO] + 

and [C4H3SCO]+ thenoyl cations which always 
constitute the base peak. These transitions are 
substantiated by the appropriate metastable peaks. 
In compounds no 3 and no 5, however, the CO 
elimination is preceded by loss of the substituent 
X and so these compounds show the following 
fragmentation steps (Scheme 2). 

In compound no. 1 the primary degradation 
reaction is followed by loss of methyl radical 
producing the [C5H202S]+' radical ion, that 
loses in two successive steps CO to give [C3H2S]+' 
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TABLE I 

Mass spectra of thiophene carboxanilides" 

a 
No. Mf  X-C4H2SCO' a - CO Remaining peaks 

1 233 
(36) 

2 217 
(38) 

3 329 
(38) 

4 249 
(35) 

5 281 
(53) 

6 233 
(46) 

7 233 
(36) 

8 217 
(42) 

9 211 
(41) 

10 203 
(40) 

11 237 
(23) 
239 

(7) 
12 237 

(22) 
239 
(7) 

13 248 
(16) 

14 248 
(16) 

a All peaks greater than 2 %of the base peak (arbitrarily taken as 100 %)are recorded. 

radical ion.g When the substituents are eliminated 
the degradation proceeds by loss of the heteroatom 
as CS molecule.12 The relative intensities of the 
molecular ions of the 3-substituted thiophene-2- 
carboxanilides I are lower than those of the 1.4. corresponding 3-substituted thiophene-Zcarbox- 
amides* as found in the 5-substituted thiophene-2- 
carboxanilides.' 

The mass spectra of substituted thiophene-3- 
carboxanilides I1 are similar than those of the 

SCHEME 2 corresponding thiophene-2-carbo~anilides~ and 

-cs 
[CJHI)'. c--- [C,H,S]+' 
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FIGURE 3 Relative intensities of the X-C4H2SCO+ ion in 3-substituted thiophene-2-carboxanilides I against u. 

the two isomers cannot be differentiated by mass 
~pectrometry.'~ 

3-Substituted thiophene-2-carboxamides (X = 
CH30, CH,S, CH,) give rise to intense [M - 171 
peaks.' These peaks are due to (metastable 
supported) NH, eliminations as confirmed in all 
cases by exact mass measurements. The [M - 171 
peaks are doublets: [M-NH,]" and [M-OH]+ 
in the relative abundance ca. 10: 1. The corres- 
ponding 3-substituted thiophene-2-carboxanilides 
show two very weak peaks [M-H,NC,H,]'' and 
[M-OH]' (relative intensity < 1 %). The relative 
low intensity of [M-H2NC6H5]+' ion in 3- 
substituted thiophene-2-carboxanilides in com- 
parison with that of [M-NHJ" ion in the cor- 
responding 3-substituted thiophene-2-carbox- 
amides' can be due to less activation energy of 
the amide bond cleavage respect to rearrangement/ 
elimination process as found in ortho-substituted 
benzoic and thiobenzoic acids.14 
Thiophene-3-carboxanilides I1 do not exhibit 

particular features and their mass spectra are 
similar than those of the corresponding thiophene- 
2-carbo~anilides.~ The plots of log Z / Z o  ( Z  = 

corresponding to step 1 for substituted thiophene- 
3-carboxanilides I1 against Q ( r  = 0.972; p = 
0.480) and Q +  ( r  = 0.905; p = 0.346) are reported 
in Figures 1 and 2 respectively. The positive p 
values are as expected and they are similar to those 
of thiophene-2-carbo~anilides,~ toluanilides' ' and 
acetanilide~'~ No effect of the substituents on 
step 2 is observed such as previously found in 5- 
substituted thiophene-2-carbo~anilides.~ The plot 
of log z/zo 

[C4H,SCOf] 
CM"1 

; zo = 
[X-C4HZSCO+] 

CM"1 
Z =  

corresponding to step 1 for 3-substituted thio- 
phene-2-carboxanilides 1 against d6 (v = 0.797; 
p = -0.098) is reported in Figure 3. The correla- 
tion is poor and the p value indicates that in these 
compounds there is a negligible substituent effect 
and it is opposite in sense to those of thiophene-2- 
carbo~anilides~ and benzophenones. ' 

EXPERIMENTAL 

Thiophene carboxanilides I and I1 were already known and 
were prepared by condensation of the appropriate acid chlorides 
with substituted anilines in b e n ~ e n e . ~ * " - ~ ~  The mass spectra 
were recorded on LKB 9000s spectrometer with ion source 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
1
:
2
5
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1
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temperature 250°C. using the direct inlet probe technique at an 
ionizing voltage of 70 eV. All compounds were heated at ca. 
60°C except the compound 5 at IOOT. 
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