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There are three possible isomeric thiophthenes, 
namely 1,4-thiophthene, 1,5-thiophthene, and 1,6-thio-
phthene, shown in the Figure *. Several workers 1 - 3 

have reported the syntheses and properties of these 
thiophthenes. We have investigated these molecules re-

Fig. 1. Atomic skeletal structure and numbering of atoms for 
the three studied thiophthenes: 

1. X = S, Y = Z = C (1,4-thiophthene), 
2. Y = S, X = Z = C (1,5-thiophthene), 
3. Z = S, Y = X = C (1,6-thiophthene). 

garding substitution reactions, being interested in pre-
dicting the positions of electrophilic, nucleophilic, or 
radical attack. In doing this we have followed the so 
called "static m e t h o d " 4 originated by W H E L A N D and 
P A U L I N G 5, and later extended by using Pertubation 
theory as laid down by C O U L S O N 6, and C O U L S O N and 
L O N G U E T — H I G G I N S 7 . 

The aromatic substitution reactions are very com-
plex, and each of the earlier mentioned substitutions 
is a several stages process. However, because in the 
electrophilic and nucleophilic substitutions, the at-
tacking reagents are usually charged, we can expect a 
correlation between the electron density and the at-
tacking charged species. Since the radical species are 
neutral, we cannot expect any correlation with electron 
density. But, the correlation with the free valence 
proved to be quite successful. It is also possible to cor-

relate the reactivity of the bond with the bond order 
value, and predict the most reactive bonds. 

We have therefore applied the molecular orbital 
method in the framework of the P A R I S E R - P A R R — P O P L E 

theory8-9 to calculate the ^-electron densities, the 
7r-bond orders, and the free valence indices, shown in 
Table 1, 2, and 3. The following one-electron core 
integrals are used in the calculation: ßcc = —2.395 
e V 1 0 , ß c s = - 2 . 0 0 0 e V " , a n d d W s = - 8 . 8 4 0 e V 1 2 . 

The two-electron C O U L O M B integrals were evaluated 
using a MATAGA-NisHiM0T0-type approximation13. All 
C —C bonds were taken to be equal to 1.40 Ä, and 
C —S bonds to 1.74 Ä for purposes of calculation. 

Atoms 1,4-thiophthene 1,5-thiophthene 1,6-thiophthene 

1 1.7597 1.8064 1.7644 
2 1.0627 1.0466 1.0796 
3 1.0904 1.0798 1.0678 
4 1.7596 1.0918 1.0678 
5 1.0627 1.7058 1.0796 
6 1.0904 1.1280 1.7644 
7 1.0874 1.0688 1.0840 
8 1.0874 1.0728 1.0924 

Table 1. .T-electron Densities. 

Atoms 1,4-thiophthene 1,5-thiophthene 1,6-thiophthene 

1 - 2 0 .4066 0.3558 0.3854 
1 - 7 0 .3612 0 .3054 0.3804 
2 - 3 0.8210 0.8672 0.8388 
3 - 8 0.4921 0.4048 0.4620 
4 - 5 0.4066 0.4532 0.8388 
4 - 8 0 .3612 0.7188 0.4620 
5 - 6 0 .8210 0.4284 0.3854 
6 - 7 0.4921 0.7530 0.3806 
7 - 8 0 .6871 0.4954 0.6954 

Table 2. ;r-bond Orders. 

It is clear from Table 4 that position 3 and 6 in 
1,4-thiophthene, position 4 and 6 in 1,5-thiophthene, 
and position 2 and 5 in 1,6-thiophthene (2-acetamido-
1,6-thiophthene 14, 2-thioacetamido-l,6-thiophthene 14) 
are the most reactive sites for electrophilic reagents. 
Positions 2 and 5 in 1,4-thiophthene, positions 2 and 3 

* These molecules are also referred to as thieno (3,2-b) thio-
phene, thieno (3,4-b) thiophene, and thieno (2,3-b) thio-
phene. 
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Atoms 1,4-thiophthene 1,5-thiophthene 1,6-thiophthene 

1 
2 0.5044 0.5090 0.5078 
3 0.4189 0.4600 0 .4312 
4 — 0.5600 0.4312 
5 0.5044 — 0.5079 
6 0.4189 0.5506 — 

7 0.1916 0.1782 0.2756 
8 0.1916 0.1130 0 .1126 

Table 3. Free Valence Indices. 

Reaction (Position) 

Compound electro- nucleo- radical addition 
philic philic 

1.4-thiophthene 3,6 

1.5-thiophthene 6,4 

1.6-thiophthene 2,5 

Table 4. The Prediction of Reactivity of Thiophthenes. 

in 1,5-thiophthene (l,5-thiophene-2-carboxylic a c i d 3 ) , 
and positions 3 and 4 in 1,6-thiophthene (1,6-thio-
phthene-3,4-diol15> 16) are the possible sites for nucleo-
philic attack. Positions 2 and 5 in 1,4-thiophthene, po-
sitions 4 and 6 in 1,5-thiophthene, and positions 2 and 
5 in 1,6-thiophthene are the most reactive positions for 
radical attack. There is a vast amount of data con-
cerning radical reactions available in the literature. It 
appears that these compounds favour radical reactions. 
W e cite a few examples: 2-methyl-1,4-thiophthene2, 
2,5-dimethyl-l ,4-thiophthenen , 4,6-dimethyl-l,5-thio-
phthene 1 8 , 1 9 , 2-ethyl-l,6-thiophthene20, and 2,5-di-
ethyl-l,6-thiophthene21 . Finally, the most reactive 
bonds in all three compounds are the next nearest 
bonds to sulphur atoms. 

W e are in the process of developing a more sophisti-
cated approach, but the results presented in this note 
suggest that even a simple approach such as we have 
adopted can, to some extent, be useful in the study 
of the reactivities of organosulphur molecules. 
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Auf S. 844, rechte Spalte, in der letzten Gleichung muß es heißen: 

U f b = - 4 , 4 8 + 4 , 1 7 = - 0 , 3 V. 
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