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In spite of extensive investigation of the proton NMR spectra of monosubstituted 

derivatives of thiophene 1) , no simple quantum-chemical interpretation of the substituont 

effects in this system is known. The only correlation observed 2) was a linear relation- 

ship between the chemical shifts of the corresponding protons in thiophenes and furans. 

The purpose of this paper is to demonstrate the application of simple HMO-theory to predict 

the substituent effects in thiophenes. 

In our investigations we used HMO methods employing two sets of parameters for 

Coulomb and resonance integrals, i.e. that of Streitwieser 3) and that of Derflinger and 

LischkaLe) , but the relations between pi-electron densities qr and chemical shifts Z r 

were far from linear. Much better correlations were obtained using the so-called 

HMO-EIP method5'6g7). 

to the formulaa): 

The pi-electron densities in the positions r are calculated according 

s = < + Jfr,, aa ,(x) 

where < is the pi-electron density in position r of unsubstituted molecule, t is the position 

of substituent X, Yi r t is the atom-atompolariaabil.ity and doct (X) is a correction to the 

Coulomb integral at tie t position due to substituent X. Using the EIP-model within the HMO 

method we obtained: 

% = < + n r,t EIP(X)t 

where EIP(X)t is the value of the effective inductive parameter (a collection of these values 

has been published 7) ) of substituent X connected to the ring at position t. The results are 

collected in Table I for equation Yr = a qr + b; R denotes the correlation coefficient. The 

experimental Tr values for substituted thiophenes with substituents X = H, N02, CN, CH3C0, 

J, Br, Cli 1,2) 
3' 

CHJO, NH2 were taken from the literature . 

For the protons in ortho- and para-type 

positions to the substituent (taking into account 

only the bonds being the hydrocarbon part of the 

molecule) the correlation coefficients are satis- 

factory or good according to the Jaffe classifi- 

cation'). The HMO-EIP method is equivalent to 

5,6,7) the Ilammett interpretation of the problem 
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Table I 

Type of oompounde position elope interoept 
8 b 

3 4.83 - 2.47 

2-X-derlvetlV.ee 4 5.88 - 3.66 

5 9.78 - 8.45 

2 5.95 - 3.97 
3-X-derivatives 4 3.37 - 8.26 

5 4.20 - 2.03 

2-X-deriVatiVel3, 811 pO8itiOllZ3 5.27 - 3.04 
3-&deriV8tiVee, 811 pOeitiOne 4.71 - 2.51 

2- end 3-X-deriV.811 positions 4.94 - 2.72 

oorrel8tlon 

coefficient B 

0.962 
0.751 
0.901 

0.969 

0.937 
0.791 

0.875 
0.900 

0.879 

when the p8YC8-OOIUt8Ut6 of aubetltuente 8re used. In f8Ot 10) euoh oorreletione 

between r,(X) 8nd Gper8 (Xl were found to h8ve aorrelstion ooeff;;axte elml- 

ler to thoze in Table I. This ObServ8tiOn confirma the suggestion th8t the 

eubstltuent effeots in thlophene 8re trenemltted through hydrocerbon part of 

the moleoule rather than through the long C-S bonde. 
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