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Protonation of Some 3-8 4-, and 5-Substituted Thiophen-2-carboxamides t 
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The protonation behaviour at 25 "C in aqueous sulphuric acid solution of some 3:, 4-, and 5-substituted thiophen-2- 
carboxamides has been investigated by U.V. spectrophotometry. pK,,t Values were calculated by HA and 
Bunnett-Olsen methods using the multivariate analysis. A positive C J ~ - ~  value was obtained indicating that the 
sulphur atom acts as an electron-withdrawing substituent. Plots of pKBa+ of 4- and 5-substituted thiophen-2- 
carboxamides and 3-substituted derivatives against CJ were linear with the slope +1.10 and +1.28, respectively. 
A po/pnr,p ratio higher than unity (1.1 6) has been observed indicating a larger transmission of electronic effects 
between the 2- and 3-positions of the thiophen ring than between the 2- and 4- or 5-positions. 

WE have recently studied the protonation of some hetero- 
cyclic carboxamides .l In particular, the behaviour of 
furan-2- and -3- or thiophen-2- and -3-carboxamides and 
their N-methyl and NN-dimethyl derivatives was investi- 

p - p ~ B a +  >- gated to  provide information on the effect of the hetero- 
atoms on basicity.l" The results have been compared (ra); 1.53 o.95 o.996 1.58 o.51 o.i70 
with those of the corresponding benzene derivatives and (Ib) 1.80 0.97 0.989 1.82 0 48 0.987 
the following sequence of basicity was obtained: 3- (Ic) (Id) 1.57 1.68 o,98 1.00 o.991 0.997 1.69 1.72 0.42 o.46 0.985 o.997 

fury1 - 3-thienyl - phenyl > 2-furyl- 2-thienyl. (Ie) 1.79 1.01 0.998 1.82 0.46 0.997 

TABLE 1 
Ionization data at 25 "C in sulphuric acid for 4- and 

5-X-t hiophen- 2-ca rboxamides 
Bunnett-Olsen 

HA O r 
Compd. -PKBH+ ~ n d  

We have investigated the transmission of electronic 
effects of substituents in five-membered ring deriva- 
tives.lY2 Moreover, in the case of ortho-like substituted 
thiophen compounds, we have shown that there is the 
possibility of obtaining linear Harnmett-type ortko- 
 correlation^.^ We now report data for the protonation 
of amides (I) in aqueous sulphuric acid solution at 25 "C. 

'QCONH2 

( I )  

a ; X  = 5 - O M e  h ;  X = 5-Br o ; X  = 3 - M e  

c ;  X = 5 - M e  j ;  X = 5 - C I  q ;  X = 3 - B r  
d ; X  = 5 - E t  k; X = 5 - N O 2  r ; X  = 3 - 1  
e ; X  = 4 - M e  L ; X = 5 - S 0 2 M e  s; X = 3 -SOMe 
f ; X = H  m; X = 3 - O M e  1 ;  X = 3-SO2Me 
g ; x  = 5 - I  n ; X  = 3 - S M e  

b ; X  = 5 - S M e  i ;  X = 4 - B r  p ; X  3 - F  

RESULTS AND DISCUSSION 

(Ifj b 1-88 0.98 0.997 1.88 0.60 0.993 
(Ig) 1.98 1.05 0.996 2.11 0.38 0.980 
(Ih) 2.36 1.04 0.995 2.25 0.44 0.989 
(Ii) 2.40 1.01 0.996 2.38 0.49 0.993 
(Ij) 2.27 1.03 0.994 2.16 0.50 0.987 
(Ik) 2.66 1.03 0.962 2.46 0.50 0.939 
(11) 2.52 0.99 0.992 2.49 0.48 0.993 

p f s p  + l . l O  f 0.11 +0.91 f 0.08 
i f S{ +1.87 f 0.04 +1.89 f 0.03 
Y 0.957 0.962 

Ref. 5. Ref. lb. 
c.1. >99.9yo > 99.9% 

TABLE 2 
Ionization data at 25 "C in sulphuric acid for 3-X- 

thiophen-2-carboxamides 

H A  a 
-PKBH+ m~ 

1.33 0.90 
1.88 1.06 
1.80 1.00 
1.88 0.98 
1.94 0.95 
2.36 1.02 
2.41 1.06 

Y 

0.998 
0.993 
0.998 
0.997 
0.993 
0.999 
0.998 

Bunnett-Olsen 

-PKBE+ 4 
1.48 0.50 
2.00 0.41 
1.83 0.47 
1.88 0.50 
2.04 0.54 
2.39 0.48 
2.39 0.47 

1 

Y 

0.988 
0.990 
0.988 
0.993 
0.998 
0.998 
0.998 

(rsj 2.40 0.96 0.989 2.38 0.49 0.988 The protonation behaviour of amides (I) has been (It) 2-74 1.10 0.987 2.67 o . ~ ~  0 . 9 ~ 4  
investigated at  25 "C in aqueous sulphuric acid solution 
by U.V. spectrophotometry. pKB=+ Values were calcu- 
lated by and Bunnett-Olsen methods using multi- 
variate analysis' and the data are listed in Tables 1 and 2. 

All the amides closely follow the HAfunction, the slopes 
m of Plots of 1% I against HA being 1-00 * 0.10. 'Jlis 
is SO for thiophencarboxamides substituted with strong 
electron-withdrawing groups (Ik, 1, t) a t  variance with 
results for 4-nitrobenzamide, for which a low WA value 

t Presented to the 2nd European Symposium on Organic 
Chemistry, Stresa, 1981. 

p f sp +1.28 f 0.19 +1.10  f 0.17 
Z f st +1.91 f 0.06 +1.97 f 0.06 
I 0.931 0.928 
c.1. >99.9% > 99.9% 

a Ref. 5. Ref. lb. 

has been reported ( ~ ~ ~ 0 . 7 5 )  .* The correlation coefficients 
for the Bunnett-Olsen plots are satisfactory and the 
4 values are in the expected range for a m i d e ~ . ~  The 
agreement among the pKBH+ values by the above methods 
is good. 

We have already published results on linear free energy 
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correlations of some 5-X-thiophen-2-carboxamides (X = 
CH,O, CH,, H, I, Br, C1, NO,) ; lb we have now extended 
the investigation to other substituents (X = CH,S, C,H5, 
and SO,CH,) and also to some 4-X-thiophen-Z-carbox- 
amides (X = CH, and Br). The Hammett plots are 
linear using PKBR+ obtained by both HA and Bunnett- 
Olsen methods with intercept values practically coinci- 
dent with the experimental PKBH+ value for (If) and the 
results are listed in Table 1. The Hammett equation has 
been applied by considering the 2- and 5-positions as 
jmra-like and the 2- and 4-positions as meta-like and then 
using ap and am values.1° 

The data collected show that the basicity of thiophen- 
2-carboxamides is lower than that of the corresponding 
benzamides indicating that the heteroatom behaves as an 
electron-withdrawing substituent . By considering the 
heteroatom as a substituent which replaces -CH=CH- in 
the benzene ring, 4- and 5-substituted thiophen-2- 
carboxamides can be regarded as disubstituted benzene 
derivatives and the substituent constant for the sulphur 
atom in the benzene ring (0a -S )  has been calculated from 
equation (1) lo where pK, (-1.45) and p (+0.956) are, 

(1) PKO - PK - aX Ga-S = 
P 

respectively, the intercept and the slope of the Hammett 
plot of the corresponding benzamides obtained using 
the H A  acidity function revised by E d ~ a r d , ~  except for 
$-nitrobenzamide; pK, is the value for 5- or 4-substitu- 
t ed thiophen-2-carboxamides, calculated by the HA 
acidity function. ox Is the substituent constant for the 
X substituent in 4- and 5-substituted derivatives. The 
positive values, listed in Table 3 (mean value 0.46, 

TABLE 3 
Values calculated for 4- and 5-X-thiophen-2- 

carboxamides 
X ax-a 

6-OCHS 0.35 
6-SCHS 0.37 
6-CH3 0.30 
6-CZHb 0.39 
4-CHS 0.43 
H 0.45 
6-1 0.37 
6-Br 0.72 
4-Br 0.60 
6-C1 0.63 
5-NOS 0.49 
B-SOZCH, 0.40 

standard deviation 0.13), show that there are no proxim- 
ity interactions between the heteroatom and the reaction 
centre 11 and indicate net electron withdrawal due to  the 
inductive and resonance polar effects of the heteroatom 
on the a-position.l"Sb*l2 

In connection with our previous researches on linear 
free energy ortho-correlations in thiophen derivatives we 
have also studied the behaviour of some ortho-like sub- 
stituted thiophencarboxamides (Im-t) . As expected 
also in this case the pKRH+ obtained are linearly cor- 
related with OH. This is in agreement with the results 
previously obtained from studies of the behaviour of 

various 3-substituted thiophen-2-carboxylic acids 13, l 4  
and of some derivatives 1 5 9 1 6  which have shown that, at 
variance with the results for six-membered ~ysterns,~' 
five-membered ring compounds give linear ortho-cor- 
relations. 18-20 

The susceptibility constants obtained for the ortho-like 
substituent compounds can be compared with those for 
meta- and para-like substituted thiophen-Zcarboxamides. 

The ratio p o / p m P p  (1.16) obtained is higher than unity 
and confirms the larger transmission of electronic effects 
between the 2- and 3-positions in the thiophen ring than 
between the 2- and 4- or 5-positions, found for other side- 
chain reactions (acidity of thiophen-2-carboxylic acids,13 
hydrolysis of methyl esters of thiophen-2-carboxylic 
acids,15 anilinodechlorination of 2-thenoyl chlorides,16 
and esterification of thiophen-2-carboxylic acids with 
diazodiphenylmethane 14). 

EXPERIMENTAL 

MateriaZs.-5-Ethylthiophen-2-carboxamide 21 and most 
amides are known and they are elsewhere reported.lp22 
Other amides were prepared by bubbling ammonia through 
an anhydrous ether solution of the acid chloride a t  -10 "C. 
The mixture was filtered, the filtrate evaporated, and the 
residue recrystallized from aqueous ethanol. 3-Methyl- 
suZphonyZthio~hen-2-~arboxamide had m.p. 101 "C (Found : 
C, 38.0; H, 3.9; N, 7.3. C,H,NO,S, requires C, 38.1; H, 
3.7; N, 7.4y0), 3-fEuorothiophen-2-carboxamide m.p. 141 "C 
(Found: C, 5 ;  H, 2.7; N, 9.5. C,H,FNOS requires 
C, 41.4; H, 2.8; N, 9.6%), 4-methylthiophen-2-carboxamide 
m.p. 118 "C (Found: C, 50.8; H, 5.1; N, 10.0. C,H,NOS 
requires C, 51.0; H, 5.0; N, 9.9yo), 4-bromothiophen-2- 
carboxamide m.p. 135 "C (Found: C, 29.3; H, 2.0; N, 6.9. 
C,H,BrNOS requires C, 29.1; H, 1.9; N, 6.8%), 5-methyl- 
thiothio~hen-2-carboxavnide m.p. 150 "C (Found: C, 41.4; H, 
4.0; N, 8.2. C,H,NOS, requires C, 41.6; H, 4.1; N, 
8.1 %), 5-methyZsul~honyZthiophen-2-carboxamide m.p. 187 "C 
(Found: C, 35.3; H, 3.5; N, 6.7. C6H,N0,S2 requires C, 

pKBH+ Measurements.-Concentrated sulphuric acid 
was standardized against standard sodium hydroxide, using 
Methyl Orange as indicator. Acid solutions of various con- 
centrations were made up by diluting concentrated sulphuric 
acid with distilled water, by weight, to give the required 
acidity. Hydrolysis of the amides is negligible during the 
time required to measure spectra. The spectra of acid solu- 
tions of each amide were recorded on a Hitachi EPS 3T 
spectrophotometer. pKBH+ Values have been calculated 
as reported from the reconstituted spectra by the computer 
program described in ref. 7.  

[ 1 /1903 Received, 8th December 19811 

C, 35.1; H, 3.4; N, 6.8%). 
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