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The dipole  momen t s  of a s e r i e s  of phenyl ,  benzo- ,  and benzo[b] th iopheno-der iva t ives  of thiophene,  1 , 4 -  
di th i in ,  and th ian th rene  have been d e t e r m i n e d .  An i n c r e a s e  in the d ipole  momen t s  of the phenyl  d e r i v a t i v e s  
of thiophene with an i n c r e a s e  in the number  of phenyl  g roups  is  connected with the ex i s t ence  of conjugat ion 
be tween the thiophene and benzene  r ings ,  a quant i ta t ive  evaluat ion of the na ture  of which is  given.  It is  
sugges ted  that the s t r u c t u r e  of the 1 ,4 -d i t h i i n  r ing  is  c lose  to cop lana r .  

We have de t e rmined  e x p e r i m e n t a l l y  and ca lcu la ted  the d ipole  mome n t s  (p) of number  of d e r i v a t i v e s  of thiophene,  
1 ,4 -d i t h i i n ,  and th ian th rene  (see  tab le) .  The f i gu re s  obtained have enabled us to put fo rward  some hypo theses  
conce rn ing  the e l ec t ron i c  s t r u c t u r e s  of these  compounds .  

Because  of s t e r i c  in t e rac t ion  in compounds  I I - I X ,  XIII, and XIV, the phenyl  g roups  a r e  not cop lanar  with the 
thiophene r ing .  This  in t e rac t ion  ex i s t s  p a r t i c u l a r l y  s t rong ly  in compounds V, VII, VIII, XIII, and XIV. However ,  in 
spi te  of the absence  of cop lana r i ty ,  l ead ing  to a lower  d e g r e e  of conjugat ion,  the e x p e r i m e n t a l  va lues  of the d ipole  
m om en t s  of the phenyl  d e r i v a t i v e s  of thiophene show the ex i s t ence  of conjugat ion between the phenyl  g roups  and the 
thiophene nucleus .  This  p robab ly  a l so  expla ins  the i n c r e a s e  in the d ipole  momen t s  of the pheny l - subs t i t u t ed  th iophenes  
tak ing  p l ace  s y m b a t i c a l l y  with the number  of phenyl  g roups  a t tached in the thiophene nucleus ,  which i s  in the  fol lowing 
sequence:  HI -< II --- VII < IV < VI -< V < XIII -< XIV. 

In p a r t i c u l a r ,  the in t roduct ion  of one phenyl  group into the thiophene nucleus (II and III) c a u s e s  an i n c r e a s e  in i t s  
moment  by 0 .25-0 .26  D. The addi t ion  of two phenyl  g r o u p s t o  the thiophene r ing  (IV--VII) l eads  to a r i s e  in fz by 0 .32-  
0.39 D, and the addi t ion  of t h r e e  and four  phenyl  g roups  to a r i s e  of 0.50 D (XIII and XIV). A change in the pos i t ion  of 
the phenyl  g roups  in the monophenyl  (II, III) and diphenyl  (IV-VII)  d e r i v a t i v e s  of thiophene has  a l m o s t  no effect  on 
t h e i r  dipole  m o m e n t s .  An:analogous  i n c r e a s e  in dipole  mome n t s  i s  found for  the in t roduct ion of phenyl  g roups  into the 
thiophene r ing  of benzo[b]thiophene (XV-XVII) .  

The v e c t o r i a l  ca lcu la t ion  of the dipole  momen t s  of VIII and IX and a l so  of 3 -methy l th iophene  (XI) l eads  to the 
s a m e  value  (0.73 D), whi le  the obse rved  va lues  a r e  1.10 D (VIII) and 0.88 D (IX). This  d i s c r e p a n c y  can be explained by 
the p o s s i b i l i t y  of hyperconjuga t ion  between the methyl  group and the thiophene r ing .  As is  wel l  known, such a 
phenomenon is  a l so  c h a r a c t e r i s t i c  fo r  2 - m e t h y l -  and 2, 5 -d imethy l th iophenes  (X and VI) [2, 3]. In view of the e l e c t r o n -  
accep t ing  na tu r e  of the phenyl  group,  the s m a l l e r  i n c r e a s e  in the moment  of IX can be explained by the b r e a k a g e  of the 
chain of conjugat ion between the CH 3 and C6H 5 groups  in the ground s ta te  of the molecu le  which is  obse rved  in the  2, 3- 
de r i va t i ve  (VHI). 

The d i f f e rence  between the d ipole  momen t s  of the c o r r e spond ing  methyl th iophenes  (X, XI) and phenyl th iophenes  
(II, III)//CH3 x - ]ZC6H5 x = #M ("Sut ton 's  equat ion" [4,5]) enables  the " m e s o m e r i c  moment"  (PM) of the 2- and 3- 
th ienyl  g roups  (X) to be evalua ted  qua l i t a t ive ly .  F o r  the 2 - th ieny l  group tt M = +0.14 D, and fo r  the 3 - th ieny l  group 
/~M = - 0 . 0 3  D (in the ca lcu la t ion ,  the va lues  of tzCH3X and PC6H5 X were  taken  as  negat ive  s ince  the negat ive  ends of the 
d ipo les  in the  m o l e c u l e s  CH~X and C6H~X a r e  located on the thienyl  group X, which is m o r e  e l ec t ronega t i ve  than the 
methy l  and phenyl  g roups) .  These  va lues  show that  the 2 - th ieny l  group i n t e r a c t s  with the benzene r ing  l ike a halogen 
a tom or  a C - -  CH (+M, - I e f f e e t .  A t the  s a m e t i m e ,  conjugat ion of the 3- th ienyl  and phenyl  groups  is  v e r y  weak.  

An a p p r o x i m a t e  evaluat ion  of the p e r t u r b a t i o n  in the a r o m a t i c  r ing  caused by the addit ion of a th ienyl  group to i t ,  
which i s c h a r a c t e r i z e d b y t h e  sum of the conjugat ion moment  (#Tr) and the induction moment  (#i) [5], l eads  to #Tr + #i = 
- 0 . 1 6  and - 0 . 3 3  D fo r  the 2- and 3- tb ieny l  g roups ,  r e s p e c t i v e l y .  Thus,  the  in t roduct ion  of a phenyl  group ( l ike a 
methyl  group) into the thiophene nucleus  r a i s e s  the e l e c t r o n  dens i ty  of the l a t t e r .  

The ze ro  value of the dipole  moment  of benzoth ieno[3 ,2-b]benzoth iophene  (XIX) shows i t s  p l a n a r  
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TABLE 1. Dipole Moments of Phenyl, Methyl, and Benzo [b] thio- 
phene Derivatives of Thiophene, 1,4-Dithiin, and Thianthrene and 
Their Sulfones (in Benzene at 25 ~ C). 

Com- 
pound Formula p~, D Formula p. D 

I 

II  

I I I  

tV 

V 

u  

VII  

VIII  

IX 

X 

XI 

XII 

XIII 

~\C6H S 

C6Hs\~ 

C6 H5 \~-S~\C6 H $ 

C~Hs\~C~ Hs 

C6H5 f~STS~C6Hs 

C H 3 ~ \ C 6 H 5  

~ S  ~CH3 

0,54 I 

0,81 

0,80 

Com- pound 

XV 

XVI 

XVII 

XVIII 

0,89 

XIX 

0,93 

XX 

0,92 XXI 

XXII 

~ ' ~ C 6 H s  

-~C C~H~ 
6H5 

0,86 

I,I0 

0,88 

0,672 

XXIII 

XXIV 

CH a �9 CH3 

C6H5\ /CsH5 

c H /%'s '~\c  H 
~ 0//% O 6 

XIV 

C H3~'~-~ 

CH3/~\CH3 

�9 C6Hs\ /C6H5 

C6Hs/~'~\C6H5 

0,832 

0,51 ~ 

1,03 
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*In dioxane 
**In chloroform. 

o /~o  

o//'~o 

ox~.~o 

o//'~,o . 

CHa~ 0~.~0 CH~ 

CH~ / O//Y ~S~ 0 v 1"13 

0,823 

0,87 

0,95 

0,88 

0 

i,]i 

0,37 

0,38 

1,63 

4,33* 
4,50** 

4,99 

3,99 

0,30 

0,37 
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cen t rosymmet r i ca l  configuration in which the moments of the benzothiophene rings mutually compensate one another.  
The moment calculated by vector ia l  scheme for the p lanar  s t ructure  of benzothieno[2, 3-b]benzothiophene (XX), 
i somer ic  with (XIX), is 1.17 D, i . e . ,  very close to the experimental  value (1.11 D). This confirms i ts  p lanar  s t ructure  
and shows that there is only a slight displacement  of the electron density when two molecules of benzo[b]thiophene a re  
condensed in the 2, 3- position. 

The low values of the dipole moments  of XXI, XXII, XXVII, and XXVIII shows that the 1 ,4-di thi in  ring deviates 
only slightly f rom coplanari ty.  This can be explained by the delocalization of the unshared pa i r s  of e lect rons  of the 
sulfur atoms in XXI and XXII. In actual fact,  the same s t ructure  is charac te r i s t i c  for the sulfones XXVII and XXVIII, 
in which the sulfur  atoms have no unshared p a i r s  of e lectrons.  It seems possible  that the quas i -p lanar  s t ruc ture  of 
the 1,4-di thi in  ring is  due to p --~ d interact ion with the par t ic ipat ion of the vacant 3d orbi ta ls  of the sulfur a toms.  It 
must be mentioned that the resu l t s  that we have obtained onthe s t ructure  of the 1,4-di thi in r ing contradict  l i t e ra ture  
s tatements  [6]. 

If it is assumed that XXIII, unlike compounds XXI and XXII considered above, has a configuration close to planar ,  
the increase  in dipole moment, (as compared with XXI) is explained by a shift of the v-e lec t rons  of the thiophene r ings 
into the 3d orbi ta ls  of a sulfur atom in the 1,4-di thi in ring,  which leads to a separat ion of the charges  and an increase  
in the moments  of each benzo[b]thiophene moiety. 

An interest ing fact is  an increase  in the moments of the sulfones on passing from XXIV to XXV (4.33 and 4.99 D), 
in contrast  to the analogous pa i r  of thiophene der ivat ives  XIV (1.04 D ) and XVIII (0.88 D). It is probable that the 
absence of unshared electron pa i r s  on the sulfur atom in the sulfones changes the capacity of the heterocycle  for  
conjugation with the phenyl group. This confirms the hypothesis put forward above concerning the considerable  
contribution of conjugation to the change in the moments of the phenyl der ivat ives  of thiophene and benzo[b]thiophene. 

The methods of synthesis  and the p rope r t i e s  of the compounds studied have been descr ibed previously  [7,8]. 
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