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'3C-NMR SPECTRA OF SUBSTITUTED THIOPHENECARBOXYLIC ACIDS
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I3C.NMR spectra of 4-substituted 2-thiophenecarboxylic acids and 5-substituted 3-thiophene-
carboxylic acids have been measured. A significant correlation bas been found between 3C.NMR
shifts of 3-carboxyl group and o constants of the substituents.

Our previous report* dealt with transmission of inductive effect through thiophene
nucleus, and it was found that the transmission is due to ¢ bonds with significant
participation of r electrons. It is known? that *C-NMR shifts of the individual
atoms reflect the overall electron density about the respective nucleus, being little
affected by magnetic anisotropy which plays an important part in the case of "H-NMR
shifts.

Therefore, it could be presumed that *C-NMR shifts of individual atoms of thio-
phene nucleus or their relative changes would give further information about trans-
mission of inductive effect in the studied system. Results of this investigation are
given below.

EXPERIMENTAL

The '3C-NMR spectra were measured with a Varian XL-100-15 apparatus at 25-16 MHz equip-
ped with a Varian S 124X Fourier’s transformation with 16K 620L computer. For the measure-
ments 10% solutions in deuteriochloroform were used (in the case of X = SO, Pha mixture of deute-
riochloroform and dimethyl sulphoxide-d, 1:1 was used). All the samples contained TMS
as internal standard. TMS and all the solvents used were of spectrometric purity (Merck, Darm-
stadt). The chemical shifts are given in ppm with respect to TMS. The measurement accuracy
of the shifts was 0-04 ppm. The individual shifts were assigned on the basis of single frequency
off-resonance proton decoupling experiments allowing to correlate splitting and broadening
of 13C_NMR signals with H spectra, the latter being measured for identical samples at 1001
MHz. Thanks to considerable number of published data about shifts and coupling constants
in NMR spectra of thiophene derivatives® it was possible to assign unambiguously all the shifts
in YH-NMR spectra, which, in turn, enabled a complete interpretation of 13C.NMR spectra.
Synthesis of individual derivatives was described in ref.!.
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RESULTS

Thiophenecarboxylic acids of general formulae I and I1 were used as model substances
as in our previous report’. !3C-NMR shifts of the compounds I and II are given
in Tables I and II, respectively.

XH,C COOH
1Y 7
S COOH XH,C S
I i

At first, the Jeast squares method was used to calculate the correlation characteristics
of individual carbon shifts of thiophene nucleus with the corresponding ¢, constants.
In most cases the correlations thus obtained were statistically insignificant. However,
for some carbon atoms satisfactory dependences were found. Thus for the acids of T

TABLE [
13C-NMR Shifts of 2-Thiophenecarboxylic Acids (/) and o; Constants

X 5 4 3 2 COOH  CH, Others o
COOH  130:17 13576 13513 13510 17294 3576 - 034
164-04
SH 12873 14269 13385 13563 16387 2311 - 028
SC,Hs; 13114 14099 13623 13355 16821 3026 CH, 1440 022
CH, 2568

SO,Ph 13360 13832 13489 13575 16331 5679 128-47 062
i 129-37

12918

134-19
OPh 12980 13919 13298 13601 16383 6525 115-06 042

121-39

129-78

158-71
OCH, 13033 14059 13405 13500 16510 6961 CH,5814 033
OH 12823 14477 13305 13519 16385  59:32 — 031
H 12827 13866 13529 13489 16405 —  CH, 1541 000
Br 13138 13919 13401 13611 16329  27-08 - 0-50
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series dependence between d,, dc, and o, was found. The former was significant when
tested at the 909 significance level, the latter at 959 significance level testing.

Oc, = 2640, + 13436 r = 0-5949
O¢, = 7-330y, 4+ 12773 r = 0-7442

Values of critical correlation coefficients and testing procedure were taken from ref.4,
In the series I no dependence was found which would be significant at least at 90%,
level. In this context it must be, however, pointed at the risk connected with the use
of two-parameter equations. E.g. all the above mentioned dependences (all carbon
atoms of the studied compounds) have their correlation coefficients within 0-99876
to 099999, if the equation of Swain and Lupton® is used, which would indicate
high statistical significance of the dependences. For this reason the poly-parameter
equations have been criticised in literature, and empirically it was stated that the
critical number of points is about 10 and 20 for one-parameter and two-parameter
equations, respectively®”.

TabLE IT
13C.NMR Shifts of 3-Thiophenecarboxylic Acids (1)

X 5 4 3 2 COOH CH, Others

COOH 136:73 127-37  133:95 13220 171-76 3528 —
164:25

SH 145-99 125-97 134:32 13208 164:12 2283 -
SC,H; 14375 126:75 134-20 13255 16477 30-02 CHj 14-23, CH, 2545
SO,Ph 137:92 121-15 134-59 134-59  163-76 56:34  128-54; 129-41; 130-67;

13429

OPh 140-31 127-05 134-20 13295 16390 64-29  114-82;121-22; 129-42;
157-93

OCH3 142:69  127-18 132:83 13539 168-23 6896 CHj 57-99

OH 147-28 124-86  134-21 132:13  164:47 58:84 —

H 140-53 126:17  134-57 13113 164-83 CH; 1503

Br 147-51 12460 13414 13206  164:14 58-52 —
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A further significant correlation between *3C-NMR shifts of the carboxyl group
carbon atom in series IT and oy constants was found as it follows:

03-coon = —1790; + 16488 r = 0-8707.

This dependence is statistically significant at 99% significance level. No analogous
dependence was found in the series I. With respect to the fact® that o, and pK values
correlate in the both series, only a single explanation can be given for the mentioned
finding, viz. an interaction of heteroatom with carboxyl group at 2 position.

In conclusion it can be stated that, although several significant dependences between
the studied quantities were found, on this basis it is impossible to complete the exist-
ing knowledge about the transmission of inductive effect through thiophene nucleus.
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Translated by J. Panchartek.
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