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Summary. Application of the configuration mixing model to the SN2 reaction illustrates that 
charge development in an S.2 reaction is not linearly related to the position of the transition 

N . 
state along the reaction coordinate. 

There is an intuitive belief in chemistry that the extent of charge development in a 

transition state is dependent on the earliness or lateness of that transition state. For 

example, in the SN2 reaction of an anionic nucleophile with a neutral substrate (eq. 1), most 

of the negative charge would be expected to be localised on the nucleophile for an early 

N + RX ~ NR + X ( 1 )  

t r a n s i t i o n  s t a t e ,  a s  i n d i c a t e d  i n  1 ,  w h i l e  f o r  a l a t e  t r a n s i t i o n  s t a t e  m o s t  o f  t h e  c h a r g e  w o u l d  

b e  l o c a l i s e d  o n  t h e  l e a v i n g  g r o u p ,  a s  i n d i c a t e d  i n  2 .  

~- ~66- 666- 6- 
N ................ R ..... X N ..... R ............ X 

i_ 2 

This belief presumably stems from the Leffler-liammond postulate 2 which attributes to the transi- 

tion state characteristics intermediate between those of reactants and products. Thus "early" 

transition states are expected to have reactant-like charge distributions, while "late" transi- 

tion states are expected to exhibit product-like charge distributions. 

i n  this corm1~unication we wish to suggest that the above supposition is often invalid and 

that charge development in the transition state, in general, is unrelated to the position of the 

transition state along the reaction cooroinate. For an SN2 reaction on CiI3X , for example, about 

equal negative charge on both nucleophile and leaving group is expected for the entire range of 
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transition states - from "early" through to "late". 
5 

[n recent papers we have shown that reaction profiles may be built up using the method of 

linear combination of valence-bond configurations. This approach was utilised for substitu- 

tion, 3a'b'e'f elimination 3c and proton-transfer reactions. 3d Application of this method_ to a 

• 3e,f 
simple S 2 reaction suggested that two key, configurations are involved in determining the 

reaction profile. These are the reactant configuration, 3, and the proGuct configuration, 4. 

N: R- ,X N. .R :X 

4 

A s c h e m a t i c  p l o t  o f  t h e s e  two c o n f i g u r a t i o n s  as a f u n c t i o n  o f  t h e  r e a c t i o n  c o o r d i n a t e  i s  i l l u s -  

t r a t e a  in  F ig .  I .  Using  t h i s  model ,  i t  i s  a p p a r e n t  ti~at the  p o s i t i o n  o f  t h e  t r a n s i t i o n  s t a t e  

a long  the  r e a c t i o n  c o o r d i n a t e  w i l l  be in  t he  v i c i n i t y ,  o f  the  i n t e r s e c t i o n  p o i n t  o f  t he  two VB 

c o n f i g u r a t i o n  c u r v e s .  Thus the  wave f u n c t i o n ,  ~TS d e s c r i b i n g  t h e  t r a n s i t i o n  s t a t e  w i l l  r e f l e c t  

the  f a c t  t h a t  b o t h  c o n f i g u r a t i o n s  a re  o f  equa l  e ne r gy  a t  the  c r o s s i n g  p o i n t  by h a v i n g  equa l  

w e i g h t s  as i n d i c a t e d  in  eq.  2. 

*TS = ~/£ k[ (;~:- R- .x) + (N. -a :x-) ] (2) 

On the  b a s i s  o f  eq.  2, t h e  cha rge  on t h e  n u c l e o p h i l e  and the  l e a v i n g  group w i l l  be t he  same and 

equa l  to  0 .5 .  C o n s i d e r a t i o n  o f  s m a l l  c o n t r i b u t i o n s  o f  h i g h e r  ene rgy  c o n f i g u r a t i o n s  may modi fy  
4 the  v a i u e  o f  0 .5  somewhat b u t  i s  no t  e x p e c t e d  to  s i g n i f i c a n t l y  d i s t u r b  t h e  c ha r ge  e q u a l i t y .  

The i m p o r t a n t  p o i n t  i s  t h a t  t he  above c o n c l u s i o n  h o l d s  r ega rd_ les s  o f  t h e  p o s i t i o n  of  t h e  

t r a n s i t i o n  s t a t e  a long  t h e  r e a c t i o n  c o o r d i n a t e .  Making the  n u c l e o p h i l e  more p o w e r f u l ,  o r  r e -  

p l a c i n g  the  l e a v i n g  group by a b e t t e r  one ,  w i l l  l ead  to  a l o w e r i n g  o f  the  ene rgy  o f  c o n f i g u r a t i o n  

4 r e l a t i v e  to  3.  This  i s  i n d i c a t e d  in  F ig .  1 by ti~e b r oke n  l i n e .  Of c o u r s e ,  t he  t r a n s i t i o n  

s t a t e  i s  now " e a r l i e r "  in  a cco rd  w i t h  t h e  B e l l - g v a n s - P o l a n y i  p r i n c i p l e ;  5 however  e l e c t r o n  

t r a n s f e r  a l s o  t a k e s  p l a c e  " e a r l i e r "  so t h a t  ti~e t r a n s i t i o n  s t a t e  i s  s t i l l  d e s c r i b e d  by eq.  2 in 

which ~ 0 .5  e l e c t r o n i c  cha rge  has  been  t r a n s f e r r e d ,  i'4e see  t h e r e f o r e  t h a t  cha rge  d i s t r i b u t i o n  

w i t h i n  an SN2 t r a n s i t i o n  s t a t e  i s  n o t  d i r e c t l y  r e l a t e d  to  t he  p o s i t i o n  o f  t h e  t r a n s i t i o n  s t a t e  

a long  t h e  r e a c t i o n  c o o r d i n a t e ,  and in  any even t  i s  c e r t a i n l y  n o t  e x p e c t e d  to  be a l i n e a r  f u n c t i o n  

o f  t he  g e o m e t r i c  & a n g e  a long  t h a t  c o o r d i n a t e .  

The i d e a  t h a t  cha rge  r e d i s t r i b u t i o n  i s  n o t  l i n e a r l y  r e I a t e d  to  t h e  g e o m e t r i c  change a long  

t h e  r e a c t i o n  c o o r d i n a t e  has  s u p p o r t  f rom o t h e r  r e a c t i o n  t y p e s .  The r e a c t i o n  o f  an a l k a l i  m e t a l ,  

e . g .  ~ w i t h  a h a l o g e n  atom,  e . g .  Br, to  g ive  the  ion  p a i r ,  e . g .  kBr, has  long  been  r e p r e s e n t e d  

u s i n g  VB c o n f i g u r a t i o n s ,  hi- "X and M + X-.6  The ~1 . . . .  X d i s t a n c e  a t  which  e l e c t r o n - t r a n s f e r  

f rom M to  X t a k e s  p l a c e  i s  g iven  by t h e  a p p r o x i m a t e  e q u a t i o n  3, 

2 
e 

IM AX ~ T-- (3) 

where  1N i s  t he  i o n i z a t i o n  p o t e n t i o n  o f  :,I, A x i s  t h e  e l e c t r o n  a f f i n i t y  o f  X and r i s  t he  

~,1 . . . .  X d i s t a n c e  a t  which ti~e e l e c t r o n  i s  t r a n s f e r r e d .  The b e t t e r  the  d o n o r - a c c e p t e r  ;,IX p a i r ,  
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the  " e a r l i e r "  t he  e l e c t r o n  t r a n s f e r ,  in  c l o s e  a n a l o g y  wi th  t h e  S ~ model .  7 Thus b o t h  r e a c t i o n s  

s h a r e  ti~e f e a t u r e  t h a t  c h a r g e  t r a n s f e r  t a k e s  p l a c e  owing to  c r o s s i n g  o f  t h e  two VB c o n f i g u r a -  

t i o n s ,  and t h i s  may o c c u r  e i t i~er  e a r l y  o r  l a t e  a long  the  r e a c t i o n  c o o r d i n a t e .  

Compar i son  o f  SN2 r e a c t i o n s  w i t h  e l e c t r o n - t r a n s f e r  p r o c e s s e s  be tween  meta l  complexes  a l s o  

s u g g e s t s  c e r t a i n  s i m i l a r i t i e s .  For t h e s e  r edox  r e a c t i o n s ,  m e t a l - l i g a n d  bond r e o r g a n i z a t i o n  i s  

r e q u i r e a  to  accompany e l e c t r o n  t r a n s f e r .  8 Th i s  t a k e s  p l a c e  when donor  and a c c e p t o r  complexes  

a t t a i n  a p p r o p r i a t e  m e t a l - l i g a n d  bond l e n g t h s ,  so t h a t  r e a c t a n t  and p r o d u c t  c o n f i g u r a t i o n s  become 

o f  equa l  e n e r g y .  I t  i s  a t  t h i s  p o i n t  - t h e  t r a n s i t i o n  s t a t e  - t h a t  the  e l e c t r o n  t r a n s f e r  p r o -  

ce s s  t akes  p l a c e ,  i l e re ,  a l s o ,  as in  the  SN2 c a s e ,  e l e c t r o n  t r a n s f e r  i s  c e n t e r e d  in  t h e  t r a n s i -  
9 

t i o n  s t a t e  r e g i o n  r e g a r d l e s s  o f  t h e  TS g e o m e t r y .  
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Reaction Coordinate 
Schematic energy diagram for reactant (N: R- -X) and product (N. -R :X ) configura- 

tions along the SN2 reaction coordinate. Dotted line indicates the product configura- 

tion curve, using a better nucleophile or leaving group. While the more reactive 

system (dotted line) is seen to have an "earlier" transition state, ~TS (eq. 2) 

remains  i n v a r i u n t .  
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