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Abstract - INW calculations of the protonation energles.and lone pa i r  orb i -  - 
La1 energles of  twenty pyrarales and twenty imldaroles have been car r ied out 

i n  order t o  ascertain the mechanism of the substltuent ef fect.  Methyl, cyano, 

f luaro, ammo, and n l t r o  subst i tuents have been examined. The l a s t  one shows 

a special  behavmur. The importance t o  optimize the gemetry  and the reasons 

fo r  the anomaly shown by the n l t r o  derivatives are discussed. 

In 1981 Gribov 5 restated the problem of the mechanism of transmission of polar substltuent 

 effect^.^ Even fop -11 molecular systems, where the substituent and the react lo" centre are near 

(sepwated by one or two bonds), they assumed tha t  the transm~ssion i s  essentml ly  through space. 

Thelr conclusion i s  rrastly based on the fact t ha t  calculated t o t a l  charge dens i t ies  o f  r i n g  a t m s  

f o r  paws  l i k e  nitrobenzene-benzene, phenol-benzene, etc.  hardly change whereas the calculated 

eleCtPOStat~C potentials of nltrobenrene and phenol are clear ly d i f f e r e n t  frm that  o f  benzene. 

Due t o  t h l s  fact, they rejected a mechanism of transmisslon~through-the-bonds, even in a r m a t l c  

Systems, as the main factor for  t h e ' m d ~ f l c a t i o n  o f  reac t i v i t y  produced by polar substituents. 
3 More recent ly,  the same authors have analyzed the e f f e c t  of polar subst i tuents on the calculated 

(CNW)  protanat ion energies A t  o f  pyraroles I. Stressing on the aforementmned ideas, they 
P 

pointed out tha t  the depth o f  the minunun of the molecular e l e c t r o s t a t ~ c  

?g R4 patent ra l  (which 1s located near N 2 ,  the b a s i  centre of pyrarole) 1s li- 

neaply re la ted wi th  aE whereas the t o t a l  chargeofthe basic centre, 
P' 

qN2. does not show any cor re la t ion w t h  the protonation energy (rZ=0.117L 

'3 Thus they conclude agam tha t  there i s  no re la t ionsh ip  between the react i -  

I v l t y  and any property located on the basic centre N2. 

We do not t h i n k ' t h a t  the arguments given by Gribov are sound, p a r t i c u l a r l y  i f  we take i n t o  account 

the fact t h a t  q ( t o t a l )  mcludes molecular o r b i t a l s  not d i r e c t l y  impl icated i n  the protonation 
N2 

process. These Mg change frm one cmpound t o  another, especially i n  tHe pyrarole f a m ~ l y  where the 

basic centye N i  i s  contiguous t o  the p y r r o l l c  ni t rogen N,. As a matter of f ac t ,  other magn~tudes 

are mre adequate for  t h ~ s  type of analysis. For instance, the existence af l i nea r  re la t ionsh ips 

betwee'n t h e  l j roton a f f l n l t y  and the ( I s )  inner-shell ionizat ion e n e r g ~ e s ~ - ' ~  or between the former 

and the valence-shell mn iza t lon  energies is wel l  estabhshed. 8'12-18 The fac t  t ha t  subst i tuents 

produce appreciable m d i f i c a t i o n s  an the above energies, even when they are located f a r  frm the 

basic centPe i s  a lso we l l  d o c ~ m e n t e d . ~ ~ - ~ ~  

Grlbov -- e t  a ~ . ~  assum that  the influence of the reorganization of the m l e c u l a r  geometry produced 

by'.the subst l tuent is negl ig ib le .  air opinion r a d ~ c a l l y  differs frm tha t  o f  Grlbov, especial ly i n  



cmparat lve problems l i k e  those o f  subst i tuent e f fec ts  on pyrarole proton a f f l n l t l e s .  I t  has been 

shown by Coulson sa1.24 that  the subst l tuent produced g e m t r l c a l  m d l f i c a t i o n s  of the r i n g  due 

to hybridatlor- effects, valence-shell electron-paw repulsions, i n t r m l e c u l a r  nonbonded interac- 

t ions and caulanbic interactions between fo-l ly charged atms.  INX) method on f u l l y  optimized 

g e m t r l e s  has g ~ v e n  sat is fac tory  resu l t s  on s lm i la r  problems. 2527 If the same pyrazoles as those 

studied by Gribov a1.3 are calculated using the INDO procedure on optimized geanetrles, the co- 

r re la t i on  between dE p and qN2 increases f ran r2 = 0.1-17 t o  r2 = 0.565, ind icat ing tha t ,  contra- 

r y  t o  GPL~OV'S  ~ o n ~ l ~ s m n 5 ,  t h e r e i s  sane re la tmnsh ip  between the p ro tona t~on  energy and the to- 

t a l  charge of the basic centre. 
28 

I n  the precedmg paper of these seriesZQ we have shown tha t  for  parent diazoles (pyraroles I and 

Q mudaroles 11) and t h e i r  methyl derivatives there i s  a l i nea r  co r re la t i on  between 

the protonatlon energles AE and the lone p a i r  o r b i t a l  energies C (N2 i n  pyra- 
P N 

roles and N in imidazoles). For ty  pyrazoles and imidazoles bearmg di f ferent 3 
R5 substituents ( a 3 ,  CXI, NH2. NO2, F130 have been calculated w i t h m  the INW appro- 

I 

R1 
ximation. A l l  the geanetrles were optmized; the three a t m s  o f  the n i t r o  group 

I1 
l i e  i n  the d ia ro le  plane but the hydrogen a t m s  of the amino group were f ree  t o  

adopt the m r e  stable gemetry  (both below the plane o f  the diazole forming a 

flattened pyramid). The protonation energies AE ( i n  kca l .m le - l )  and the o r b i t a l  energies CN 
P 

I l n  a.u.) are gathered m the fol lowing table. 

TABLE. Protonation energies ( k c a l . m ~ l e - ~ )  and lone p a r  o r b i t a l  energies (a.u.1 
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A representation of AE  vs & i s  g iven  i n  t h e  precedmg f lgure .  C l e a r l y  two f am l l l e s  o f  der lva-  
P -  N 

t l ves  a r e  pPeSent: t h a t  m c l u d i n g  a l l  t h e  campounds (Pyrazoles A and lm ldaro les  = 1 b u t  the n l t r o  

der iva t i ves  (Eq. 11 and the  n l t r opy razo les  ( A  1 and n i t & m i d a z o l e s  ( I 1  fami ly  (Eq. 2 ) .  

at = 679.6 + 675.9 E N ,  n = 31, r2 = 0.963 [ 1 I P 2 A E  = 765.3 + 819.7 E N ,  n = 9, r = 0.982 [ 2 1  
P 

The n i t r o  de r i va t i ves  se t  inc ludes  ccmpounds w i t h  the  n l t r o  group i n  t h e N  p o s l t i o n  t o  the  bas ic  

centre (N2 i n  pyrazoles and N3 i n  im idazo les l  2, 2, 3 7 ,  3 9 ,  and i n  the  /3 p o s l t l o n ,  2, 20, 35, 

38. 2. 
These r e s u l t s  deserve Sme c m e n t s :  

- The f ac t  t h a t  the  c o r r e l a t i o n  between AE and qN mproves  when the  geometries are 
P 

optimized ca t s  a doubt on Gr lbav 's  conclusions. 

- The exce l l en t  agreement between OE and EN shows t h a t  a proper ty  loca ted  on the  
P 

basic cen t re  conveniently descr ibes the  mod i f l ca tmn  o f  the  r e a c t i v i t y  o f  t h a t  cen t re  produced by 

the po la r  subst i tuent :  

- Try lng  t o  understand why the  n i t r o  derivatives l l e  as ide  we have observed t h a t  the  

o r b i t a l  loca ted  on the  n l t r ogen  lone  p a r  and on the n l t r o  group are very c lose  ( t h e  second one 

s l i g h t l y  more energet ic )  and t h i s  r e s u l t s  i n  sane rn~x ing .  Thus, the  ca l cu l a ted  E values are too  
N 

large (approxrmately -0.02 a,"., frm t h e  f q u r e l .  
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