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A b h t z a c t  DSP Laeatment 06 I3c SCS among t h e  mernbezn 06  t h e  t i t e e  compound i n d i c a t e d  t i e  

dominance 0 6  t h e  Aeaonance e6dec t  a* C B  and t h e  pwence a6 bo th  !oco.t i red and extended 

p o e D n i r a t i o n  i n  t h e  h i d e  c h a i n .  MU catciihthnn at t h e  CNDUIZ Pew! connobonated t h e  

obhmved SCS Laendn. 

The imso r t ance  a t t r i b u t e d  to t h i n p h e n e  among t h e  h e r e r o a r o m a r i c s  ~ ~ b j e c t e d  t o  Hammrtr t y p e  co r re -  

l a t i o n '  i s  l a r g e l y  due r n  i t s  s i m i l a r i t y  w i t h  benzene a n d  n m r r o u s  were s t u d i e s  comparing t h e  

t r a n s m i s s i o n  of  s u b s ~ i t u e n f  e f f e c t s  i n  rhe  rwo molecu le s2 .  Bes ides  r e a c t i v i t y  s t u d i e s ,  c o r r e l a t i o n  

o f  s p e c t r a l  data1-' i n v o l v i n g  s i n g l e  and dua l  s u b s r i t u e n t  parameter3"  (SSP and DSPI treatment a s  

w e l i  as  m u l t i v c r i a c e  s t a t i s t i c s 5  e . g .  p r i n c i p a l  component a n a l y s i s ,  a r e  r e p o r t e d  i n  t h e  l i t e r a t u r e  

a l t h o u g h  some o i  t h e  d a t a  s e t s  a r e  roo sma l l .  Mera o r  s u b s t i t u t e d  s t y r e n e s  w i t h  o r  wi thour  - 
s u b s t i r u e n t s  i n  t h e  u- o r  B-posi t ions  i n  t h e  s i d e - c h a i n ,  have £ r e q u e n r l y  been i n v e s t i g a t e d ,  p a r c i -  

c u l a r l y  by f l iose  i n t e r e s t e d  i n  t h e  c o r r e l a t i o n  of r..m.r. d a t a  w i t h  s u b s t i c u e n t  paramcrersb. Easy 

a c c c s s i b i l i r y ,  we l l -de f ined  geometry and e a s i l y  i n t e r p r e t a b l e  s p e c t r a  a c c o u n t  f o r  t h e  p o p u l a r i t y  

en joyed  by t h i s  c l a s s  of  compounds. Our c h o i c e  f e l l  on t h e  s e r i e s  (11  and (21  w h i l e  l ook ing  f o r  a 

s u i t a b l e  model i n  t h e  t b inphene  s e r i e s .  Apar t  ircm t h e i r  r e l a t i v e l y  e a s y  a c c e s s i b i l i t y  ( a l t hough  

more d i f f i c u l i  compared t o  t h e  co r r e spond ing  benzene ana logues1  and s i m p l e  s p e c t r a ,  t h e y  p r o v i d e  

a n  o p 7 o r t u n i i y  to compare t h e  t r a n s m i s s i v i r y  of  the s u b s r i c u e n c  induced e l e c t r o n i c  e f f e c t s  i n  t h io -  

phene and benzene w i t h  s i d e - c h a i n s  which e n t e r  i n t o  c o n j u g a t i o n  w i t h  t h e  a r o m a t i c  r i n g s ,  s i x e  an 
6 abundance of  d a t a  on i h e  benzene ana logues  of  ( 1 )  and (2)  i s  c u r r e n t l y  a v a i l a b l e  



RESULTS AND DISCUSSION 

Unlike the earlier study, we correlated the SCS instead of chemical shifts as such and confined 

ourselves to the DSP treatment whose superiority over the SSP treatment is now irrefutably establi- 

shed'. Nor does the principal component =nalysis appear t o  accrue any additional information in 

this type of system8. Suitability of the DSP treatment for thiophene derivatives has been favoura- 
1 

bly commenced upon . As polar substituent parameters we have used Reynold's o values9 representi* 
F 

a pure field effect while, as resonance parameters, ago values of Reynoldsg and OR+ values o f  both 

'raft6 and chartonlo were  used. The data s e t  consisting of only those substitvents which have well 

established values of these parameters, included most of the substituents recommended for a "mini- 

mal basis s c ~ " ~  and contained donor, acceptor and neutral substituents. 

The SCS are given in Table 1. Assignments were made using broad band, off resonance and gated 

coupled s p e c t r a .  The SCS oi the three carbon atoms in t h e  side-chain Ct?, CNZ and CNE show strictly - 
analogous behaviour with the same carbon atoms in t h e  corresponding benzene seriesLT (2) according 
t o  the  equation : 

S (rhiophene) = a 5 (benzene) + b - 
The result of the correlation r r e  given in Table 2, indicating a greater fransmiesivity in the 

thiophenc series apparent irom the values o i  a .  The results of the DSP analysis are summarized in 

Table 3. SCS Ca and C-2, show no cnrrelarion although SCS C-1 in (21, could be correlated1' against 
(oF + OR"). For the orher three carbon atoms in the side-chain only the use of OR+ a s  reasonance 

parameter led to t h e  quality of fit bring almost indentical for the t w o  

u + scales.  he dominance of t h e  mesomeric effect at the B-position, xghich is approximately rwice 
R 
that of the polar effect is clear from t h e  magnitude of the P value. From the sign of the P value 

R 
the "reverse" subsfifuenf effect a t  the t w o  nitrile carbons is evident as well as the direct pola- 

risation of t h e  nirrile n-electrms as the dominant field effects exerted by the subsiiruents R 

(4). It is difficult t o  pronounce about the polarization of the C;C double bond in the absence B 
01 a reliable correlation ni SCS C bur  t h e  PF at CB is large enough t o  indicate a significant 

contribution from the extended polarization of the type (2) .  

The molecular electronic structure of six members of (1) w e r e  investigated by M . O .  calculations a t  

the CNDOIZ level for a better understanding of the SCS trends. The scope of the present investiga- 

tion is larger compared to our e a r l i e r  study3 through examination of a greater number of substiru- 

e n t s  and by making the geometrical parameters more reliable by using the data available from a 

X-ray crystallographic study1' of (!, K = i i ) .  The results summarized in Table 4 indicate : 

i Cl and cB are respectively rich in a o r  n-electrons. 

(ii) The 11-electron density a t  CB respcmds regvlsrly to a change in the electron demand of R, jus- 

tifying the large mesmeric contribution in the DSP equation. 

(iii) No such change is observed in the a orn-electron density at Ca mirroring the failure of 

correlation of the SCS. One plausiblr hypothesis is the  opposition of substituent effects 

by secondary polarization caused by the  sulphur atom o r  otller localized charges in the ring. 

The electrnn density on the sulphur is found t o  be systematically influenced by the changes 

in the 5-subslituenr. 
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TABLE 1. 

R - 
H 

Me 

C1 

Rr 

OMe 

a Rrlaced r o  the parent compound. 

TABLE 2. Correlation between I3C SCS i n  Systems (1) and (3) 

Carbon a b r p  sdq fm no - - - - - - - 
1.46 -0.159 0.998 0.3 0.07 6 

Correlation cusfficient Standard Deviation ?efts' 'f' values " No. o f  p o i n t s  in t h e  

data set. 

TABLE 3. Evaluation of t h e  DSP Model. 

Site ~ n d e l ~  
b 

- -  PF - - " : 
C~ A 

10.56 -7.55 -3.40 

C~ 
7.27 13.10 -0.17 

Ce 7.27 13.10 -0.17 

CNZ A -1.35 1.03 0.53 

CNZ B -0.98 -1.29 0.05 

CNZ C -0.86 -1.93 0.05 

CNE A -1.62 1.23 0.56 

CNE B -1.45 -1.29 0.01 

CNE C -1.33 -1.93 0.01 

a ~ o d e ~ s  A , B  and c use a 0 ( R ~ ~ ~ ~ I ~ ~ ) ~ ,  og+  aft)' and a + l~harron)'~ respectively. Intercept .  
R R 

C~orre~ation c n l f f i c i e n t .  Standard error estimate. standard deviation. T a f t s '  ' f '  va lue  

F test for variance. No. of points i n  the data set .  

TABLE 4 .  Pi and Total a Electron Density in (I) lCNDOI2) 

a ~ i g u r e s  within prenthesis indicate total electron density. 



EXPERIMENTAL 

~h~ data of the compounds13 were reported earlie?. me spectra were recorded on a JEuL 
rx-100 FT n.m.r. spectrometer operating a t  25.05 MHz, with a pulse length of 4 w  (33"), a repefi- 

tion rime of 1.2s, a spectral width of 6024Hz and 8K f.i.d. and an average scan o f  1500. The 

central line of DMSO multipler (39.5 ppm) was used a s  internal reference. 
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