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The I3C n.m.r. chemical shifts of the title compounds and of the corresponding anions have been 
measured in methanol. The observed substituent chemical shifts have been analysed by means of cross- 
correlations and of single and dual substituent parameter linear free energy relationships. Different results 
have been obtained for thiophene and benzene derivatives using DSP analysis: for the first ring system 
the results have been rationalized in terms of separate resonance and inductive contributions of sub- 
stituent effects (pointing out the occurrence of an apparent reverse polar effect); in contrast the same 
treatment of the data for the benzene system gave poor results, confirming once again the different 
proximity effects in six- and five-membered ring derivatives. 

From studies of the reactivity of many classes of ortho-di- or 
poly-substituted thiophene derivatives and the application of 
linear free energy (l.f.e.) ortho-correlations to reactivity and 
equilibrium data, we have shown that in thiophene compounds 
it is possible to provide evidence for many examples of good 1.f.e. 
ortho-correlations, both in reactions on the ring'"" and on 
the side-chain,Id-' at variance with the results obtained for 
six-membered ring derivatives (e.g. benzene, na~hthalene).~ 

The aim of the present work is to ascertain whether an ortho- 
like substituent induces on the carbon of the side-chain in 
thiophene series a 3C n.m.r. substituent chemical shift (SCS) 
which could give linear correlations by dual substituent para- 
meter (DSP) treatment of data, duplicating the situation 
observed in reactivity and equilibrium studies. It must be noted 
that SCSs induced on side-chain carbon atoms in benzene 
derivatives by ortho-substituents are usually excluded from 
DSP treatment due to steric and/or magnetically anisotropic 
effects. We have chosen as probe compounds a series of 3- 
substituted thiophene-2-carboxylic acids (1) t and the corres- 
ponding anions (1-), whose 13C chemical shifts have been 
measured in deuteriated methanol. 

In order to enable a comparison between the effects of ortho- 
substituents in thiophene- and benzene-carboxylic acids we 
have also collected ' 3C n.m.r. data of ortho-substituted benzoic 
acids (2) and the corresponding anions (2-) under similar 
experimental conditions. 

Recently: we measured the 13C n.m.r. chemical shifts of some 
4- (3) and kubstituted (4) thiophene-2-carboxylic acids and of 

(1) (2) (3) ( 4 )  

a; X = No2 
b; X = S02Me 
C;  X = SOMe 

d; X = Ac 

e ; X =  I 
i; X = F  

Q; X = Br 

h; X = H 
i; X = SMe 
j ;  X = Me 

k; X = O M e  

the corresponding anions (3-) and (4-) in deuteriated methanol 
and analysed the induced SCSs by both single (Hammett) and 
DSP 1.f.e. relationships, the latter being generally more success- 
ful. We used the 'unconstrained' version (1)$ of the DSP 
equation developed by Ehrenson et aL5 

SCS = p,oI + + i (1) 

This equation separates substituent effects into polar (oI) and 
resonance (0,) components and uses one of the four different 
resonance scales [aR+, oR-, oRBA, and oRO] depending on the 
electronic demand at the reaction or measuring site. We have 
chosen for the DSP analysis a series of substituents whose oI 
and oR constant sets are orthogonal to each other (depending 
on the substituent scales used the r-values range from 0.01 to 
0.23). 

Results and Discussion 
The SCSs induced on the ring carbon atoms are collected in 
Tables 1 and 2. In Tables 3 and 4 the SCSs induced on the 
carboxylic carbon atom (C-a) are reported together with the 
pK, values of the corresponding carboxylic acids. 

Owing to the superimposition of resonance, field, and 
anisotropy effects the attempts to correlate SCSs of endocyclic 
carbon atoms, by using both Hammett and DSP equations, 
usually give poor results. In our case only the SCSs of the C-2 
(ortho-conjugated) carbon atom in both (1) and (1-) showed 
statistically significant correlations. The values of the 
susceptibility constants pI and pR calculated using oRBA [pI 

t Note added in prooJ Recently, H. Satonara, K. Abe, and M. Hirata 
(Bull. Chem. SOC. Jpn., 1987,60, 391) have reported a 13C n.m.r. study 
and MNDO calculations of some 5, 4-, and 3-(substituted 
methyl)thiophene-2-carboxylates. The SCS of ring carbons of the esters 
in CDCl, are linearly correlated with those of the corresponding 
carbons of 2- and 3-substituted thiophenes, showing good fits for para- 
and meta-like esters and poor fits for ortho-like esters. We have 
observed that SCS of all the esters studied by Satonara et al. give good 
linear correlations with SCS of the corresponding acids and anions (r 
0.94-0.99). 
$ Concerning the use of equation (1) see ref. 4. 



888 J. CHEM. SOC. PERKIN TRANS. II 1988 

Table 1. SCS values of ring carbon atoms of 3-X-thiophene-2-carboxylic acids (1) and anions (1-) in CD,OD" 

Compound X c-2  c -3  c-4 c -5  Others' 
S02Me 
SOMe 
Ac 
I 
F 
Br 
H 
SMe 
Me 
OMe 

S02Me 
SOMe 
Ac 
I 
F 
Br 
H 
SMe 
Me 
OMe 

1.70 
- 4.76 

1.22 
- 2.94 

-21.49 
-6.16 
135.69 
- 12.71 
- 7.02 
- 25.03 

4.86 

2.8 1 
- 2.84 

- 2.29 
- 22.52 
- 5.87 
144.76 
- 11.13 
- 6.78 
- 24.35 

10.54 
18.24 
11.17 

27.05 
- 16.96 
134.58 
12.64 
12.56 
29.17 

- 47.69 

8.83 
16.17 
11.41 

-49.55 
27.51 

- 18.83 
130.79 

9.1 1 
10.47 
28.10 

2.39 
- 2.60 

1.65 
11.13 
- 9.44 

5.26 
128.89 
- 1.72 

3.97 
- 11.29 

1.77 

0.29 
10.53 

4.98 
128.01 

4.14 

- 2.92 

- 9.08 

- 1.32 

- 10.34 

- 2.29 43.88 
0.16 42.90 

- 0.95 201.80, 30.53 
0.52 

- 1.91 
- 0.82 
133.82 
- 1.19 16.32 
- 2.46 15.93 
- 1.38 59.44 

- 2.57 d 

- 3.39 201.2 1, 30.02 
0.09 43.45 

0.41 
- 2.74 
- 1.21 
129.87 
- 1.30 16.49 
- 2.99 15.70 
- 2.45 59.26 

a 13C chemical shifts (in p.p.m.) relative to the unsubstituted compound (lh) or (lh-). Downfield shifts are positive. 2Jc-2,F 10.4, 1JC-3,F 274.2, 
2Jc-4,F 25.6, 3Jc-5,F 10.3, and 3JC-a,F 3.5 Hz. ' Chemical shifts (in p.p.m.) relative to Me,Si. Signal not detected due to deuterium exchange or 
overlapping by solvent peaks. ' Value of deuterium-substituted methyl. LJC-2,F 10.5, 1JC-3,F 265.1, LJC-4,F 27.5, JJc-5,F 10.9, and 3.3 Hz. 

Table 2. SCS values of ring carbon atoms of 2-X-benzoic acids (2) and of the corresponding anions (2-) in CD,OD" 

X 

S02Me 
SOMe 
I 
F 
Br 
H 
SMe 
Me 
OMe 

NO2 
S0,Me 
SOMe 
Ac 
I 
F 
Br 
H 
SMe 
Me 
OMe 

NO2 

c- 1 
- 2.94 

3.61 
- 3.00 

6.0 1 
- 11.45 

2.79 
132.01 
- 3.09 
- 0.42 
- 10.87 

- 0.82 
4.8 1 

2.84 
9.72 

- 9.98 
5.44 

139.35 
0.82 
3.01 

- 7.34 

-2.33 

c -2  
19.54 
9.54 

19.50 
- 36.66 

32.76 

130.73 
13.75 
10.31 
29.78 

- 8.75 

17.96 
7.26 

17.78 
9.92 

31.53 

130.25 
8.73 
5.6 1 

27.56 

-37.71 

- 10.72 

c-3  
- 4.62 

1.37 
- 4.77 
12.90 

-11.55 
5.83 

129.45 

3.19 
- 3.61 

- 15.92 

- 4.25 
0.86 

-4.95 
0.9 1 

11.70 

5.03 
128.66 

2.48 

- 11.82 

- 2.41 

- 15.87 

c -4  
-0.80 
- 1.80 

1.05 

1.75 

134.01 
-0.41 

1.17 

-0.57 

- 0.48 

- 1.05 

- 1.65 
- 2.20 

0.9 1 
- 1.19 
- 1.26 

0.48 

131.11 
- 1.27 

- 1.03 
- 2.23 
- 0.72 

c-5  
4.39 
5.5 1 
2.40 

- 0.38 
- 4.24 
- 1.00 
129.45 
- 4.89 
- 2.69 
- 7.79 

5.44 
6.08 
2.53 
2.50 
0.02 

- 4.04 
- 0.62 
128.66 
- 3.76 
- 2.53 
- 7.45 

C-6 
0.41 
0.09 
1.73 
0.84 
2.56 
1.34 

130.73 
1.74 
0.94 
2.20 

-0.54 
-0.83 

1.40 
- 2.97 
- 1.74 

1.39 
- 1.11 
130.25 
-0.56 
- 2.08 
-0.56 

Othersc 

45.21 
44.40 

15.64 
21.74 
56.67 

d 
45.34 

207.27, 29.94' 

16.16 
20.53 
56.21 

a 13C chemical shifts (in p.p.m.) relative to the unsubstituted compound (2h) or (2h-). Downfield shifts are positive. 2Jc-1,F 10.3, 1Jc-2,F 258.2, 
2Jc.3,F 22.5, 3Jc-4,F 9.0, 4JC-5,F 3.9, 3Jc-6,F 0.9, and 3JC.ol,F 3.2 Hz. Chemicals shifts (in p.p.m.) relative to Me,%. Signal not detected due to deuterium 
exchange or overlapping by solvent peaks. Value of deuterium-substituted methyl. 2Jc.1,F 14.8, 1Jc-2,F 248.6, 2Jc-3,F 23.2, 3JC-4,F 8.3, 4Jc-5,F 3.7, 
, Jc -~ ,F  3.6, and 3 J ~ - m , ~  1.6 HZ. 

- 1.9 & 4.7 and pR 36 & 4 (Y 0.960) for (1) and pI 0 & 5 and pR 
39 +_ 4 (Y 0.962) for (1-)] point out that the variation in the 
electron density at the C-2 carbon atom depends only on the 
mesomeric effect of substituents. 

The goodness of fit in the Hammett equation and other 
similar approaches involving 1.f.e. relationships depends upon 
the used parameters. Generally these parameters are useful for 
correlation analysis, but the errors inherent in the determin- 
ation of these 'constants' and the uncertainty in the kind of 
'constants' to be used would also recommend the use of the 

direct comparison between the various measurements in 
addition to such a correlation. 

For this reason we have attempted to correlate the SCSs 
relative to endocyclic carbon atoms of (1) or (2) with the SCSs 
of the corresponding anions (1-) or (2-). Because of their 
relative smallness, which bears no apparent relation to polar 
and resonance effects, the SCSs induced on meta endocyclic 
carbon atoms gave poor results in cross-correlations (see lines 4, 
9, and 11 of Table 5). 

In contrast excellent correlations for both thiophene and 



J.  CHEM. SOC. PERKIN TRANS. II 1988 889 

benzene carboxylic acids were obtained in all the other in- 
stances (see lines 1-3,6-8, and 10 of Table 5). The occurrence 
of the above cross-correlations and the slope values close to 
unity indicate that the interactions between the carboxylic or 
the carboxylate group and the present substituent are of the 
same kind and of a similar extent, in spite of the different 
electronic effects exerted by carboxylic or carboxylate groups 
(e.g. compare substituent constants C J ~ - ~ ~ ~ ~  0.45 and C J ~ - ~ ~ ~ -  

O.OO).' This observation agrees with the hypothesis that elec- 

Table 3. SCS values of carboxylic carbon atoms of the 3-X-thiophene- 
2-carboxylic acids and of the corresponding anions ( I - )  in CD,OD" 

X SCS(1) scs (1- )  - ApK, 
S0,Me 
SOMe 
Ac 
I 
F 
Br 
H' 
SMe 
Me 
OMe 

- 3.02 
- 1.90 
- 1.52 
- 1.55 
- 1.91 
- 1.75 
165.34 
- 0.08 

0.68 
- 0.30 

-4.01 
-2.91 
-0.77 
- 1.86 
- 2.39 
- 2.07 
170.34 

0.10 
1.18 

- 0.23 

0.95 
0.59 
0.55 
0.25 
0.40 
0.27 

-0.35 
- 0.39 
- 0.74 

" I3C chemical shifts (in p.p.m.) relative to the unsubstituted compound 
(Ih) or (lh-j. Downfield shifts are positive. D. Spinelli, R. Noto, and 
G. Consiglio, J. Chem. SOC., Perkin Trans. 2 ,  1976, 747. 'Chemical 
shifts (in p.p.m.) relative to Me,Si. 

Table 4. SCS values of carboxylic carbon atoms of the 2-X-benzoic 
acids (2) and of the corresponding anions (2-) in CD30Da  

X 

S02Me 
SOMe 
Ac 
I 
F 
Br 
H d  
SMe 
Me 
OMe 

NO2 

SCS(2) 

0.33 
- 1.74 

- 1.63 
c 
0.23 

- 2.42 
- 0.28 
169.91 

1.36 
- 0.06 

-0.35 

SCS(2 -) 
- 1.87 
- 0.28 
- 3.29 

0.15 
1.52 

0.38 
175.71 

0.72 
3.21 
0.9 1 

-2.51 

. A p K ,  
0.71 
0.64 
0.52 
0.36 
0.34 
0.34 
0.37 

0.14 
- 0.06 
0.10 

a 13C chemical shifts (in p.p.m.) relative to the unsubstituted compound 
(2hj or (2h-). Downfield shifts are positive. J. F. J. Dippy, Chem. 
Rev., 1939, 25, 151; M. Hojo, M. Utaka, and Z. Yoshida, Tetrahedron, 
1971, 27,4031. See Spectroscopic Measurements in the Experimental 
section. Chemical shifts (in p.p.m.j relative to Me,Si. 

tronic interactions occur essentially between the X-substituent 
and the aromatic ring and do not involve the carboxylic (or 
carboxylate) group, as sketched in (5) and (6). 

( 5 )  ( 6 )  

Interestingly, different results were obtained in the correl- 
ation of SCSs of carboxylic carbon atoms; thiophenecarboxylic 
acids gave an acceptable result (r  0.967, line 5 of Table 5) 
whereas benzoic acids gave a poor result ( r  0.909, line 12 of 
Table 5). This confirms once again the difference in 1.f.e. cor- 
relations between six- and five-membered ring derivatives. 

We have also attempted a correlation of the SCSs of thio- 
phene endocyclic carbon atoms uersus the SCSs of the corres- 
ponding benzene carbon atoms, in order to test if the same 
substituent effects affect the endocyclic carbon atoms of the two 
aromatic rings. The results reported in Table 6 show that only 
the SCSs of the thiophene C-3 and C-4 can be described by the 
SCSs of benzene C-2 and C-3, respectively (see lines 2-3 and 
13-14 of Table 6) .  The slope of the cross-correlation for 
thiophene C-4 and benzene C-3 is meaningfully lower than 
unity (s 0.80) according to the different double-bond character 
of the C(3)-C(4) bond in the thiophene ring (hypo-ortho 
relation) 1a,i-k,8 compared with the aromatic C(2)-C(3) bond in 
the benzene ring. 

We have also carried out a correlation of the SCSs of endo- 
cyclic carbon atoms of compounds (1) and (1 -) us. those of 4- 
substituted thiophene-2-carboxylic acids (3) and anions (3-),4 
respectively. Good correlations (r  ca. 0.98) have been observed 
for ortho-conjugated and ips0 endocyclic carbon atoms (see 
lines 6-7 and 17-1 8 of Table 6). As expected, meta endocyclic 
carbon atoms did not furnish significant correlations (see lines 9 
and 20 of Table 6). Concerning the ortho-unconjugated carbon 
atoms [C-4 in (1) and C-3 in (3)] the SCSs seem to be affected 
by the different conformation that the substituent and the 
carboxylic group can assume in acids (3). Consequently, in this 
case, we obtained statistically poor correlations (0.94 > r > 
0.9 1, see lines 8 and 19 of Table 6).  

Data in Tables 3 and 4 show that ortho-substituents cause 
small variations ( < 4 p.p.m.) of 3C chemical shifts of the carb- 
oxy carbon atom. However, different situations are observed for 
thiophene and benzene derivatives. In fact in the thiophene 
series [compounds (1) and (1-)] the observed SCSs are 
systematic depending on electronic effects and show the so- 
called reuerse substituent effect; i.e. electron-withdrawing sub- 

Table 5. Statistical data" for the correlations between SCSs of anions (1-) and (2-) us. those of the corresponding acids (1) and (2) 

Line 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 

I3C site 
c -2  
c -3  
c -4  
c -5  
C-a 
c- 1 
c-2  
c -3  
c -4  
c -5  
C-6 
C-CX 

s * s, 
1.06 f 0.04 
1.01 _+ 0.02 
0.94 & 0.03 
1.18 * 0.25 
1.36 f 0.13 
1.00 f 0.09 
0.98 _+ 0.03 
0.95 f 0.02 
0.84 f 0.17 
1.01 f 0.03 
0.58 f 0.42 
1.57 f 0.25 

i & si 
1.38 f 0.46 

-1.41 f 0.42 
-0.13 & 0.17 
-0.40 f 0.35 

0.24 f 0.20 
2.27 & 0.49 

-2.04 & 0.56 
-0.28 * 0.19 
-0.80 f 0.18 

-1.16 _+ 0.60 
-0.59 0.30 

0.46 f 0.12 

n 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 

r 
0.995 
0.999 
0.997 
0.860 
0.967 
0.972 
0.997 
0.998 
0.868 
0.996 
0.446 
0.909 

f 
0.09 
0.06 
0.08 
0.38 
0.22 
0.27 
0.08 
0.07 
0.40 
0.09 
0.67 
0.5 1 

a s, slope of the regression line; i, intercept; s, and si, standard deviations; n, number of points; r, correlation coefficient;f; goodness of the fit. 
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Table 6. Statistical data" for the correlations between SCSs of 3-substituted derivatives [(l) or (1-)] us. those of related benzene derivatives [(2) or 
(2-)] or of 4- [(3) or (3-)] or 5-substituted [(4) or (4-)] derivatives 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 

SCS(1) 
SCS(1) 
SCS(1) 
SCS( 1) 
SCS(1) 
SCS(1) 
SCS( 1) 
SCS(1) 
SCS( 1) 
SCS(1) 
SCS(1) 
SCS( 1 -) 
SCS( 1 -) 
sCs(l-)  
SCS( 1 -) 
sCs(l-)  
sCs(l-)  
SCS( 1 -) 
sCs(l-)  
scs(1-) 
scs ( l - )  
sCs(l-)  

c-2 
c-3 
c-4 
c-5 
C-a 
c-2 
c-3 
c-4 
c-5 
c - u  
c - u  
c-2 
c-3 
c-4 
c-5 
C-a 
c-2 
c-3 
c-4 
c-5 
c - u  
C-a 

(1.37 f 0.26)SCS(2) 
(1.13 k O.O6)SCS(2) 
(0.80 f O.O3)SCS(2) 
(0.20 f 0.35)SCS(2) 
(0.49 f 0.37)SCS(2) 
(0.84 f. O.O7)SCS(3) 
(0.91 f. O.O7)SCS(3) 
(1.10 f. 0.17)SCS(3) 
(0.00 f 0.19)SCS(3) 
(1.86 f 0.22)SCS(3) 
(1.29 k 0.32)SCS(4) 
(1.27 & 0.38)SCS(2-) 
(1.16 f O.O7)SCS(2-) 
(0.78 f O.O4)SCS(2-) 
(0.90 f 0.39)SCS(2-) 
(0.56 f 0.23)SCS(2-) 
(0.82 O.O8)SCS(3-) 
(0.93 f O.O5)SCS(3-) 
(1.04 f o.l9)sCs(3-) 
(0.37 k 0.26)SCS(3-) 
(1.62 f 0.25)SCS(3-) 
(1.28 f 0.29)SCS(4-) 

c- 1 
c-2 
c-3 
c-4 
C-a 
c-5 
c-4 
c-3 
c-2 
C-a 
C-a 
c- 1 
c-2 
c-3 
c -4  
c - u  
c-5 
c-4 
c-3 
c-2 
C-a 
c - u  

-6.22 & 1.55 
-3.73 & 1.39 

- 1.03 k 0.38 
-0.94 & 0.40 
-3.26 f 0.95 

0.86 k 0.22 

0.41 f 1.32 
1.18 & 0.93 

0.32 f 0.21 
-1.37 f 0.33 

-0.04 f 0.33 
-7.70 f 2.17 
-2.61 f 1.38 

-0.61 f 0.51 
-1.34 f 0.40 
-3.31 f 1.08 
-0.97 f. 0.96 

0.90 f 0.29 

1.35 f. 1.00 

0.72 & 0.35 
0.30 f 0.41 

- 1.96 f. 0.47 

9 
9 
9 
9 
9 
8 
8 
8 
8 
8 
8 

10 
10 
10 
10 
10 
7 
8 
8 
8 
8 
8 

0.894 
0.989 
0.996 
0.2 14 
0.449 
0.978 
0.982 
0.934 
0.002 
0.959 
0.856 
0.763 
0.985 
0.991 
0.632 
0.655 
0.978 
0.991 
0.912 
0.494 
0.935 
0.876 

0.38 
0.17 
0.10 
1.07 
0.98 
0.18 
0.17 
0.43 
2.08 
0.21 
0.44 
0.69 
0.19 
0.15 
0.68 
1.08 
0.17 
0.13 
0.51 
0.87 
0.30 
0.42 

* s, slope of the regression line; i, intercept; n, number of points; s, and si, standard deviations; r, correlation coefficient; goodness of the fit. 

Table 7. L.f.e. relationships of induced SCSs for carboxylic carbon atoms of acids (1) and (2), or anions (1-) and (2-) 

Line 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 

Series 
SCS(1) 
SCS(2) 
sCs(l-)  
scs(2-) 
SCS(1) 
SCS(2) 
scs(1-) 
SCS(2 -) 
SCS(1) 
SCS(2) 
scs(1-) 
SCS(2 - >  

s & s, 
-(1.94 f 0.37)(-ApKa) 
- (2.29 f 1.30)( - ApK,) 
- (2.57 f 0.60)( - ApK,) 
-(4.83 f 1.89)(-ApKa) 
-(5.05 2 0.70)0, 
-(3.11 f 1.31)~i 
-(7.13 f 0.95)0, 
-(5.63 t 2.04)0, 
-(3.03 k 0 . 7 0 ) ~ ~  
-(1.13 f 1 . 0 5 ) ~ ~  
-(3.94 1 . 1 4 ) ~ ~  
-(2.87 & 1 . 4 9 ) ~ ~  

i f si 

0.25 & 0.52 

1.42 f 0.74 
0.46 f 0.26 
0.64 & 0.55 
0.96 f 0.35 
1.85 f 0.83 

-0.84 0.19 

-0.90 f 0.31 

-0.61 f 0.24 
-0.23 k 0.42 
-0.61 f 0.39 

0.56 f 0.60 

n 
10 
10 
10 
11 
10 
10 
10 
11 
10 
10 
10 
11 

r 
0.888 
0.530 
0.833 
0.649 
0.930 
0.642 
0.936 
0.677 
0.836 
0.355 
0.774 
0.54 1 

f 
0.39 
1.39 
0.52 
1.42 
0.29 
1.12 
0.3 1 
1.19 
0.46 
1.89 
0.62 
1.71 

a s, slope of the regression line; i, intercept; n, number of points; s, and si standard deviations; r, correlation coefficient; f, goodness of the fit. 

stituents cause upfield shifts of the carboxy resonance, the 
methyl group induces downfield shifts, and both methylthio and 
methoxy groups have practically no effect ( < 0.3 p.p.m.). In 
contrast in the benzene series the SCS values of the C-a carbon 
atom are not easily related to the electronic effects of the 
substituent, reflecting the influence of steric and/or other effects 
involving a direct structural interaction between the substituent 
and the carboxylic group. 

We have made some attempts to correlate the SCSs of the C-a 
carbon atom of the thiophene derivatives (1) and (1- )  either 
with the ApK, values of acids (1) or with some substituent 
constants (q or oP). The obtained results were unsatisfactory 
(Table 7). This is consistent with the I3C chemical shifts and 
pKa or Hammett substituent constant values being related to 
different electronic densities, e.g. chemical shifts depend on the 
n-electron density on the carboxy carbon atom while both pKa 
values and substituent constants such as 0, depend on the total 
electron density of the carboxy group. It must be noted that 
similar results were obtained by us when studying 5-substituted 
thiophene-2-carboxylic acids (4).4 Only the correlations of the 

SCSs for acids (1) and anions (1-) with o1 gave acceptable 
results (see lines 5 and 7 of Table 7; r 2 0.93) showing that 
electronic effects are predominantly inductive in nature (see 
below). 

In order to ascertain whether the same substituent effects 
operate on the C-a of the isomeric thiophene-2-carboxylic acids 
and anions, we attempted a correlation of the SCSs of ortho- 
substituted acids (1) with those of meta (3) or  para (4) 
substituted acids (see lines 10-11 and 21-22 of Table 6), 
obtaining better results with (3) than with (4). 

The analysis of C-a SCSs for (1) and (1-) according to 
equation (1) has allowed us to calculate separate susceptibility 
constants (Table 8) for resonance and polar effects; the best fits 
were obtained with D~~~ values.* Correlations relative to the 
benzoic acids (2) and anions (2-) gave statistically meaningless 
results (see lines 3 4  of Table 8: r 0.7). In contrast, data for 

* Also in the case of acids (3) and (4) and of anions (3-) and (4-) the 
best fit in DSP analysis was obtained using oRBA  value^.^ 
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Table 8. DSP analysis" of SCS data for the carboxylic carbon atoms according to equation (1) and using oRBA 

Line 
1 
2 
3 
4 
5 
6 
7 
8 

Series 
SCS(1) 
s c s ( l - )  
SCS(2) 
SCS(2 -) 
SCS(3) 
SCS(3-y 
SCS(4) 
SCS(4 -) 

PI k spl 
-5.04 f 0.41 
-7.11 & 0.74 
-3.39 & 1.36 
-3.44 & 1.42 
-2.81 f 0.15 
-4.11 _+ 0.24 
-2.86 f 0.31 
-4.23 f 0.24 

P R  * 
-1.43 f 0.35 
-1.56 f 0.63 

1.20 k 1.30 
0.77 f 0.88 

-0.74 f 0.13 
-1.10 k 0.21 

0.42 f 0.40 
-1.16 f 0.33 

i f si 
0.23 f 0.16 
0.71 & 0.30 
0.93 f 0.64 
0.98 & 0.64 

-0.03 & 0.05 
-0.09 & 0.08 

0.02 & 0.13 
-0.10 f 0.10 

n 
10 
10 
10 
11 
10 
10 
10 
9 

r 
0.980 
0.966 
0.690 
0.683 
0.994 
0.993 
0.961 
0.992 

f 
0.17 
0.24 
1.08 
1.94 
0.08 
0.10 
0.19 
0.09 

" pI, pR, susceptibility constants; i, intercept; s, and si, standard deviations; n, number of points; r, correlation coefficent; f, goodness of the fit. 
R. Noto, L. Lamartina, C. Arnone, and D. Spinelli, J. G e m .  SOC., Perkin Trans. 2, 1987, 689. 

the thiophene carboxylic acids (1) and anions (1-) gave good 
correlations (see lines 1-2 of Table 8: r > 0.96) and this agrees 
with our previous data on the different role played by the 
proximity effects in the two aromatic rings.' 

The susceptibility constants calculated for the C-a of thio- 
phene carboxylic acids show that the polar component pre- 
dominates (IpIl > lpRI), whereas the negative sign of pI values 
represents a reverse SCS effect indicating that the polar com- 
ponent of the carboxy carbon chemical shift is almost ex- 
clusively controlled by n-polarization of the CO x-electrons 
induced by the dipole of the substituent. Moreover, as pre- 
viously observed in the meta and para ~ e r i e s , ~  the pr (absolute 
value) observed for anions (1-) is higher than that of the acids 
(1) in accord with the greater polarizability of the carboxylate 
carbon atom with respect to carbon atom of the undissociated 
carboxy group. As a matter of fact the sign (negative) of the 
pR values confirms that the canonical structures determined by 
the conjugative interactions between the substituent and the 
carboxy group through the n-aromatic system are not relevant. 

The correlations found point out that the proximity effects 
are absent or not so large as to affect 1.f.e. correlations in the 
thiophene series; moreover the occurrence of a 1.f.e. correlation 
indicates that the carboxylic group assumes the same conform- 
ation in all the studied compounds. The negative sign of pI 
(reverse SCS effect) in the correlations involving acids (1) agrees 
with an s-trans conformation which has been proposed for 
other compounds containing a carbonyl group at C-2 in the 
thiophene ring.'* Now, we have found that the s-trans 
conformation (7) is the preferred one in acids (1) irrespectively 
of the size of the substituent in the ortho position. 

" 

0 
( 7 )  

Finally, a comparison of DSP treatment results for the series 
meta, para, and ortho shows that in the anions the pR values are 
roughly constant so indicating that the internal conjugation 

) is able to interrupt the conjugation //o /*- 
(-C, 0- -C-o 

with the substituted ring. 
In the ortho acids (1) and anions (1-) the pI values are higher 

than those for the corresponding meta and para ~er i e s .~  If the 
polar effects are essentially electric field effects, the pI values 
measured for (1) and (1-) depend on the distance between the 
substituent and the carboxylic (or carboxylate) group which is 

shorter in the ortho than in the meta and para derivatives. It 
must be noted that in the various series of acids and anions the 
field effects are transmitted through different media; in ortho- 
substituted acids through the solvent and in both meta and para 
derivatives through the molecular core. Therefore, microscopic 
dielectric constants are different and consequently the increase 
of p, is not dependent only on substituent-carboxylic group 
distance values. 

The different blend of inductive and mesomeric contributions 
peculiar for each series of acids [(1), (3), and (4)] and anions 
[(l -), (3-), and (4-)] justify the statistical results obtained 
when the SCSs of C-a of the ortho derivatives are correlated with 
those of the meta and para derivatives (see above). 

Conclusions 
A comparison of the I3C n.m.r. chemical shifts of 3-substituted 
thiophene-2-carboxylic acids with those of 2-substituted 
benzoic acids revealed a difference in the substituent influence 
on the variation of electron density at carbon sites of the two 
aromatic rings. 

In thiophene carboxylic acids and anions [(l) and (1-)] the 
SCSs of the C-~r carbon atom show that the transmission of 
substituent effects along the side-chain occurs through the 
apparent reverse polar effect arising from a reverse polarization 
of electronic density at this site. Good fits were obtained when 
these data were treated by the DSP equation. Both the reverse 
polar effect and the negative sign of pI suggest an s-trans 
conformation for the carboxylic group in all the compounds (1) 
studied. 

In contrast, DSP analysis of SCSs of benzoic acids and anions 
[(2) and (2-)] gave poor results, once again confirming the 
difference in proximity effects in six- and five-membered ring 
derivatives. 

Experiment a1 
Spectroscopic Measurements.--' 3C N.m.r. spectra of acids (1) 

and (2) and anions (1-) and (2-) were run as previously 
r e p ~ r t e d . ~  In particular, in thiophene derivatives peaks assign- 
ment was based on substituent chemical shift considerations, 
with the aid of proton coupled spectra. In benzene derivatives, 
the assignment of the ring carbon atoms was made by observing 
induced SCSs by subsequent additions of small amounts of 
sodium methoxide to a solution of the acid; in a few cases an 
alternative assignment was possible, then we ascribed SCS 
values in such a way as to obtain better correlations. 

The 2-acetylbenzoic acid (2d) in solution was in fast 
equilibrium with the cyclic form, according to literature 
spectroscopic data; so for this compound the chemical shifts 
measured (omitted in Tables 2 and 4) were the average of the 
values relative to both forms. 
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Synthesis and Purification of Compounds.-The substituted 
benzoic acids (2a, d-h, j, k) were commercial samples purified 
by crystallization. 2-Methylthio- (2i),3b 2-methylsulphinyl- 
(2c),’ 2-methylsulphonyl- (2b) l 2  benzoic acids, and 3-acetyl- 
thiophene-2-carboxylic acid (ld) were prepared according 
to literature methods. The other substituted thiophene-2- 
carboxylic acids were prepared as previously described. 
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