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Abs t rac t  - Subs t i t uen t  e f f e c t  t rea tmen t  o f  DF,ISO a c i d i t i e s  o f  f a m i l i e s  o f  
d i - a c t i v a t e d  carbon ac ids  X Y C H 2  p rov ide  s e n s i t i v i t i e s  and i n t e r c e p t s  
(methane p&J t h a t  decrease on i n c r e a s i n g  t h e  a c i d i t y  o f  - the paren! 
carbon a c i d  (Y=H). Charge demands q x  o f  s u b s t i t u e n t s  i n  X$H 
a re  ob ta ined  by app ly ing  an improved charge-C(13) s h i f t  r e l a t i o n s h i p :  t h e  
numerical  va lues  are  smal le r  than those ob ta ined  f rom benzyl  carbanions 
PhCH-X. These r e s u l t s  a re  i n t e r p r e t e d  as man i fes ta t i ons  o f  s a t u r a t i o n  
phenomena. The smal l  charge demand o f  t h e  cyano group i s  conf i rmed:  
s t e r i c  hampering o f  resonance i s  eva lua ted  i n  carbanions o f  a - a c t i v a t e d  
p h e n y l a c e t o n i t r i l e s  and o f  benzhydryl  carbon ac ids  r e l a t i v e  t o  those o f  
s u b s t i t u t e d  a c e t o n i t r i l e s  and o f  benzyl  carbanions. N(15) s h i f t s  o f  open 
cha in  and h e t e r o c y c l i c  n i t r o a n i o n s  p rov ide  a c l u e  f o r  i n t e r p r e t i n g  t h e  
dichotomous dependence o f  s h i f t s  f rom charge: an e x t r a o r d i n a r y  C(13) -  
-N(15) s h i f t  r e l a t i o n s h i p  and a ncharge -N(15 )  r e l a t i o n s h i p  i s  proposed. 

and X Y C H  

INTRODUCTION 

Evaluation of interactions between contiguous functionalities: substituent effect treatment and 
charge mapping as complementary approaches 

I n  h i s  book Lou is  P .  Hammett s t a t e s  t h a t  " t h e  p r i n c i p l e  ( o f  l i n e a r  f r e e  energy) i s  concerned 
w i t h  t h e  r e a c t i v i t y  o f  molecules whose s t r u c t u r e  can be d i v i d e d  i n t o  a r e a c t i n g  group X and a 
non r e a c t i n g  res idue  R .  It asse r t s  t h a t  i n  t h e  absence o f  s t rong  s p e c i a l i z e d  i n t e r a c t i o n s  
between R and X. . . . " .  ( r e f . 1 )  Al thouah no t  oDenlv dec la red  i t  i s  surmised t h a t  t h i s  

I "  . .  

l i m i t a t i o n  i s  r e l a t i v e  e i t h e r  t o  s t e r i c  f a c t o r s  and/or t o  e l e c t r o n i c  i n t e r a c t i o n s  between 
prox imate  f u n c t i o n a l i t i e s .  The i n v e s t i g a t i o n  whether t h e  above l i m i t a t i o n  can be circumvented 
i n  t h e  l a t t e r  case has been t h e  t o p i c  o f  our  research  i n  t h e  l a s t  8 yea rs  ( r e f .  2-15):  i n  
f a c t ,  t h e  q u a n t i t a t i v e  knowledge o f  how and t o  what e x t e n t  con t iguous  f u n c t i o n a l i t i e s  
i n t e r a c t  i s  o f  p r imary  importance i n  o rgan ic  chemis t ry .  Our approach has been t h e  f o l l o w i n g :  
we have e l e c t e d  t h e  n.m.r. method as s t r u c t u r a l  probe and have chosen systems (A)  as models 
f o r  d e t e c t i n g  t h e  e f f e c t  o f  t h e  v a r i a b l e  f u n c t i o n a l i t y  X on t h e  cont iguous  " i nvo l ved"  group 
G. We have been ab le  t o  q u a n t i f y  bo th  t h e  mesomeric and t h e  p o l a r - i n d u c t i v e  eype o f  i n t e r a c -  

( A )  

( I )  G = CH2 ( I V )  G = 0 
(11 )  G = CHPh ( V )  G N- 
(111) G = NH ( V I )  G = C H -  

t i o n s  between G and X by m o n i t o r i n g  t h e  response o f  a remote magnetic mon i to r  t o  t h e  
v a r i a t i o n  o f  t h e  s u b s t i t u e n t s  X. Al though t h e  WIN = H-1, C-13 and F-19 respond e q u a l l y  w e l l ,  
cons ide ra t i ons  o f  r e l a t i v e  s e n s i t i v i t i e s  and of p roduc t  a v a i l a b i l i t y  tend t o  p r e f e r  as a 
mon i to r  t h e  C-13 s h i f t .  The r e s u l t  o f  these s t u d i e s  has been t h e  proposal  o f  t h r e e  sca les  o f  
e l e c t r o n  demands o f  s u b s t i t u e n t s  X :  these i n c l u d e  pr imary ,  a r y l - s u b s t i t u t e d ,  and h e t e r o c y c l i c  
f u n c t i o n a l i t i e s .  (i) The uIB sca le  ( I  stands f o r  i n d u c t i v e ,  B f o r  b e n z y l i c )  i s  r e l a t i v e  t o  
p o l a r - i n d u c t i v e  e f f e c t s  exe r ted  by X on Hon i n  ( I ) ;  ( i i )  t h e  91- sca le  ( R  stands f o r  resonan- 
ce  and t h e  minus s p e c i f i e s  i t  i s  r e l a t i v e  t o  e lec t ron -w i thd raw ing  s u b s t i t u e n t s  X )  i s  r e l a t i v e  
t o  mesomeiric e f f e c t s  exe r ted  by X on Non i n  (111) ;  (iii) t h e  uc sca le  ( c  stands f o r  c o n t i -  
guous and t h e  minus has t h e  above n o t a t i o n )  i s  r e l a t i v e  t o  t h e  b lend o f  t h e  p rev ious  p o l a r  
i n d u c t i v e  and mesoneric e f f e c t s  exe r ted  by X on I4on i n  (111) .  Values are  r e p o r t e d  i n  Table 1. 
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The u c  s c a l e  i s  i n tended  t o  account f o r  t h e  v a r i a t i o n  o f  a p r o p e r t y  i n  monoparametric r e l a -  
t i o n s h i p s ,  and t h e  uIB t oge the r  w i t h  t h e  uR- sca les  a re  i n tended  f o r  b ipa ramet r i c  
r e l a t i o n s h i p s .  The t h r e e  sca les  served t o  account f o r  v a r i a t i o n s  o f  n.m.r. p r o p e r t i e s  o f  
n e u t r a l  and an ion i c  systems i n  extrathermodynanic r e l a t i o n s h i p s ,  and f o r  a c i d i t i e s  o f  carbon 
ac ids  ( i n  DMSO and i n  t h e  gas phase), o f  n i t r o g e n  ac ids  ( i n  DMSO), o f  oxygen ac ids  ( i n  H20) 
i n  thermodynamic r e l a t i o n s h i p s .  It i s  c l e a r  t h a t  i n  thermodynamic r e l a t i o n s h i p s  t h e  p r o p e r t y  
m o n i t o r i n g  t h e  e f f e c t  o f  s t r u c t u r a l  v a r i a t i o n s  o f  X, f a r  f rom be ing  remote f rom G, i s  i n s t e a d  
j u s t  assoc ia ted  w i t h  t h e  i n v o l v e d  G. Our approach revea led  f r u i t f u l  f o r  unders tand ing  t h e  
s t r u c t u r a l  r e o r g a n i z a t i o n  o f  carbon and n i t r o g e n  ac ids  on t h e i r  way t o  con jugate  anions. 
( r e f .  6-81. 

As an a l t e r n a t i v e  approach, t o  improve t h e  Spiesecke and Schneider c h a r g e - s h i f t  r e l a t i o n s h i p  
(1 )  ( r e f .  16) o r i g i n a l l y  v a l i d  o n l y  f o r  c y c l i c ,  aromat ic,  symmetric carbonaceous systems, we 
have proposed equat ion  ( 2 )  t o  account f o r n  charge naps a l s o  i n  open cha in  carban ions  and 

8+(13C) = an - 160(q-1) eq. ( 1 )  

eq. ( 2 )  at( - 13 C )  = 122.8 +ZAi - 160(qc-1) 

- 
(where A i  i s  t h e  s h i e l d i n g  e f f e c t  exe r ted  by t h e  i t h  res idue,  q c  i s  t h e  
e l e c t r o n  d e n s i t y  on t h e  t r i g o n a l ,  charged carbon atom). 

carbenium i o n s  ( r e f .  9 ) .  Since t h e  genera t i on  o f  a nega t i ve  rc charge occurs whenever t h e  CH 
bond of t h e  p recu rso r  carbon a c i d  i s  con t iguous  t o  a carban ion  s t a b i l i z i n g  f u n c t i o n a l i t y ,  t h e  
n e l e c t r o n  d e n s i t y  q c  r e s i d i n g  on t h e  ca rban ion ic  carbon i s  a d e s c r i p t o r  o f  t h e  w i thdrawing  
power exe r ted  by X f rom t h e  ca rban ion ic  cen t re ,  and r e q u i r e s  t o  cons ider  t h e  " i nvo l ved"  group 
G as a mon i to r .  The charge map approach i n  carbanions i s  t h e r e f o r e  complementary w i t h  t h a t  
based on s u b s t i t u e n t  parameters bc, and (UIB, UR- ) .  

SATURATION PHENOMENA IN THE METHANE CARBON ACIDS A N D  

WITHDRAWING PRIMARY FUNCTIONALITIES 
CONJUGATE CARBANIONS DI-SUBSTITUTED BY T W O  ELECTRON- 

A g r e a t  dea l  o f  a c i d i t i e s  have been measured i n  DMSO by F. Bordwel l  and h i s  s tudents  f o r  
d i - a c t i v a t e d  carbon ac ids  XYCH2(1) ( r e f .  17-19).  I f  X i s  a l lowed t o  va ry  and Y i s  kep t  
cons tan t ,  i t  i s  p o s s i b l e  t o  i d e n t i f y  a number o f  f a m i l i e s  (Y = Ph, CONMe C02Et, CN, SO Ph, 
COPh, N02). The a,, and t h e  (UIB, UR-) se ts  o f  parameters n i c e l y  account f o r  t h e  a c i d i t i e s  o f  
t h e  f a m i l i e s .  More i n t e r e s t i n g l y ,  t h e  a c i d i t y  da ta  may be t r e a t e d  assuming a d d i t i v i t y  o f  t h e  
e f f e c t s  o f  s u b s t i t u e n t s  X and Y and thus  cons ide r ing  t h e  ac ids  XYCH2 as d i s u b s t i t u t e d  
methanes. Equat ions ( 3 )  and (4 )  a re  f o r  nono-parametr ic and d i -pa ramet r i c  t rea tments  
r e s p e c t i v e l y  ( d i s  t h e  Le f f l e r -Grunwa ld  o p e r a t o r ) .  

2' 2 

x Y X Y "La = ( UIB f UIB) e1  f ( uR- + uR-) B R  + t 

eq. ( 3 )  

eq. (4) 

F i t t i n g  parameters r e s u l t i n g  f rom such t rea tments  a re  r e p o r t e d  i n  Table 2. I t  i s  observed 
t h a t  on go ing  f rom Y=Ph t o  Y=N02 e i t h e r e c  o r  @ R  and s o r  t decrease. On cons ide r ing  t h a t  t h e  
a l ready  remarkable a c i d i t y  o f  n i t romethane i s  much l e s s  s e n s i t i v e  t o  e f f e c t s  o f  f u r t h e r  
e lec t ron -w i thd raw ing  groups than t h e  r e l a t i v e l y  weak a c i d i t y  o f  a c e t o n i t r i l e  (Y=CN, X = H )  o r  
o f  t o luene  (Y=Ph,X=H), t h e  decrements o f  s e n s i t i v i t y  and o f  t h e  va lues  o f  s o r  t a re  c l e a r l y  
due t o  s a t u r a t i o n  phenomena. For  X=Y=H, t h e  values o f  s o r  t would assume t h e  meaning o f  t h e  
p K a o f  methane. I t  i s  ev iden t  t h a t ,  because o f  s a t u r a t i o n ,  such an e x t r a p o l a t i o n  i s  devo id  o f  
aKy s i g n i f i c a n c e .  Both t h e  @ a n d  t h e  ( s ,  t )  values a re  l i n e a r l y  r e l a t e d  t o  t h e  a c i d i t i e s  o f  
monosubst i tu ted  methane carbon ac ids  ( f o r  Y=H, CH3X) and t o  t h e  m c h a r g e  demand o f  X, q x  
( v i d e  i n f r a ) .  It i s  p o s s i b l e  ( r e f .  15) t o  e x t r a p o l a t e  f rom a combina t ion  o f  such 
r e l a t i o n s h i p s  t h e  a c i d i t y  o f  methane (pLa i n  t h e  range 71-73). 
F u r t h e r  i n s i g h t s  i n t o  t h e  s a t u r a t i o n  phenomenon a re  ob ta ined f rom t h e  C-13 spec t ra  o f  t h e  
con jugated  carban ions  o f  t h e  d i  - a c t i v a t e d  carbon ac ids ,  t h e  a c i d i t y  o f  which has been 
d iscussed so f a r .  The f i r s t  s tep  cons is ted  i n - t r e a t i n g  ( r e f .  14)  w i t h  eq. 2 t h e  C-13 s h i f t s  
o f  t h e  ca rban ion ic  carbons o f  carbanions X$H (2) s u b s t i t u t e d  w i t h  two i d e n t i c a l  groups X :  
t h i s  gave access t o  t h e  rc  e l e c t r o n  d e n s i t i e s  qc  r e s i d i n g  on t h e  charged carbons. Such va lues  
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H 
Ph 
CONWe2 
C o p e  
COMe 
COPh 
CHO 
COCF3 

CN 
SOMe 
S02Me 
SOPh 
SO7Ph 

NO2 

0.00 
0.47 
0.70 
0.74 (0.81 
0.82 
0.94 (0.81 
0.98 
1.09 
1.27 
0.88 (0.99 
0.73 
0.99 
0.76 
1 .oo 

0.00 
0.10 
0.14 
0.26 
0.20 
0.21 
0.26 
0.58 
0.80 
0.43 
0.40 
0.59 
0.46 
0.62 

0.00 
0.26 
0.40 
0.39 (0.45) 
0.47 
0.52 (0.47) 
0.49 
0.42 (0.36) 
0.45 
0.33 (0.42) 
0.29 
0.33 
0.26 
0.34 

POiOEt)2 0.58 (0.6&) 0.19 0.29 (0.38)  
2-CgHrjN 0.55-0.71 0.12 0.31 -0.42' 
3-CgHgN 0.58 0.15 0.31 
4-CgHgN 0.73 0.18 0.45 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

From r e f .  2,7. Numbers i n  parentheses r e f e r  t o  
va lues t o  be used w i t h  G=O. From r e f .  8. 

a 
C 

TABLE 3. P i  e l e c t r o n  d e n s i t i e s  on 
ca rban ion ic  carbons and charge demands 
q o f  e lec t ron -w i thd raw ing  groups X. 

PhCH-X ( 3 )  X2CH- ( 2 )  

X 'CH qX 'CH q X  

Ph 1.42 0.29 1.42 0.29 
C02Me 1.47 0.40 1.464 0.268 
CONMe2 1.45 0.42 1.45 0.275 
COMe 1.38 0.51 1.35 0.325 
COPh 1.35 0.56 1.32 0.34 

CN 1.55 0.28 1.586 0.207 
SOae  1.54 0.27 1.55 0.225 
SOPh 1.56 0.26 1.514 0.243 

1.534 0.233 
SOFh 1.55 0.28 1.588 0.206 
PO(OEt12 1.58 0.26 1.746 0.127 
2 PY 

X 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

1.31 0.57 --  - -  NO2 

1.41 0.41 - -  -- 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

TABLE 2. A c i d i t i e s  i n  DWSO o f  Y-CH - X  carbon ac ids :  f i t t i n g  parameters for 
eq. ( 3 )  and eq. ( 4 )  on v a r y i n g  t h e  n a t u r e  o f  Y .  

2 

equat ion ( 3 )  equa t ion  ( 4 )  
y . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

a b  t r n  a b  
4 PR S r n  Pc . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Ph -36.50 66.62 .995 6 -15.49 -47.22 59.58 ,986 8 

-22.75 -27.99 50.14 .997 12 COgt -20.52 46.52 .997 

SOfh -18.40 47.90 ,981 8 -15.34 -27.53 48.22 .973 7 
COPh -13.19 36.38 .978 8 -11.71 -16.70 34.75 ,987 6 
NO2 -10.19 30.55 .995 8 - 8.04 -14.92 30.55 .999 8 

-22.73 42.20 .990 7 9 CONMe2 -20.66 49.85 .997 

CN 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
a C o r r e l a t i o n  c o e f f i c i e n t .  bNumber o f  p o i n t s ,  corresponding t o  t h e  X s u b s t i -  

t uen ts .  

a re  r e l a t e d  t o  t h e  m c h a r g e  demands qx o f  t h e  a c t i v a t i n g  groups X: qx=(2-qc) /2 .  The qx  values 
a re  thus  i d e n t i f i e d  w i t h  t h e  f r a c t i o n  o f  m c h a r g e  t r a n s f e r r e d  f rom t h e  ca rban ion ic  carbon t o  
t h e  group X and are  t h e r e f o r e  a r e l a t i v e  measure o f  t h e  nesomeric e lec t ron -w i thd raw ing  
c a p a c i t y  o f  e lec t ron -poor  p r imary  f u n c t i o n a l i t i e s .  These values a re  r e p o r t e d - i n  Table 3, 
t oge the r  w i t h  t h e  va lues  ob ta ined f o r  t h e  same groups i n  benzylcarbanions PhCH X ( 3 ) .  It i s  
immedia te ly  ev iden t  t h a t  t h e  qx va lues  i n  - the d i - a c t i v a t e d  X$H-carbanions a re  decreased 
r e l a t i v e  t o  those i n  t h e  benzyl  systems PhCH X :  t h i s  r e s u l t  i s  again i n t e r p r e t e d  i n  t e r m  o f  
s a t u r a t i o n  phenomena. I n  f a c t ,  w h i l e  t h e  ( g e n e r a l l y  s t rong )  e lec t ron -w i thd raw ing  group X has 
t o  compete w i t h  t h e  r e l a t i v e l y  weak phenyl  group i n  t r a s f e r r i n g  t h e  nega t i ve  charge f rom t h e  
ca rban ion ic  carbon i n  PhCH X, i t s  compe t i t o r  i n  X2CH i s  t h e  same s t rong  e lec t ron -w i thd raw ing  
group X .  The charge demands t h e r e f o r e  a re  n o t  " u n i v e r s a l "  cons tan ts ,  bu t  va ry  f rom system t o  
system. However, i n  t h e  carbanions d i - a c t i v a t e d  w i t h  t h e  p r imary  f u n c t i o n a l i t i e s  r e p o r t e d  i n  
Table 3, t h e  charge demands a re  a d d i t i v e .  Th is  fac t ,  and t h e  p r e d i c t i v e  p o t e n t i a l i t y  o f  eq. 2 
i s  man i fes ted  i n  F i g .  1 which compares t h e  exper imenta l  C-13 s h i f t s  o f  t h e  charged carbon o f  
carbanions d i - a c t i v a t e d  w i t h  n o n - i d e n t i c a l  f u n c t i o n a l i t i e s  X Y C H -  and t h e  values c a l c u l a t e d  

SC(13)  = 122.8 + AX -+ A y  - 160 [ (2 -qX-qy) - l ]  eq. ( 5 )  

w i t h  eq. 2, r e w r i t t e n  i n  t h e  fo rm ( 5 ) .  Since t h e  qx va lue  i s  a measure o f  t h e  a p t i t u d e  o f  t h e  
group X t o  accept by t r a n s f e r  a f r a c t i o n  o f  mnega t i ve  charge f rom an ad jacent  ca rban ion ic  
cent re ,  and converse ly  t h e  parameter i s  a measure, r e l a t i v e  t o  t h e  same group X, t o  
e n t e r t a i n  mesomeric i n t e r a c t i o n s  w i t h  an e l e c t r o n  p a i r  p laced on an ad jacent  n e u t r a l  n i t r o g e n  



712 S. BRADAMANTE AND G. A. PAGAN1 
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o f  t h e  same groups. I 

atom, i t  f o l l o w s  t h a t  a r e l a t i o n s h i p  o f  some s o r t  between these two q u a n t i t i e s  should be 
expected. Indeed, as F i g .  2 shows, t h e  OR- and qx va lues  a re  l i n e a r l y  c o r r e l a t e d .  Th is  r e s u l t  
i s  impor tan t  because i t  p rov ides  evidence t h a t  t h e  two independent approaches, t h e  
s u b s t i t u e n t  e f f e c t  t rea tment  and t h e  charge napping, a re  i n t e r n a l l y  c o n s i s t e n t .  

SATURATION PHENOMENA AND STERIC EFFECTS I N  TRI-ACTIVATED 
CARBANIONS 

The C-13 s h i f t s  o f  C(par2) i n  benzyl  systems PhCH-X do no t  c o r r e l a t e  l i n e a r l y  w i t h  C(para) i n  
benzhydryl  systems Ph2C X ( r e f .  20 ) .  The evidence we had i n  hand ( r e f .  15) suggested t h a t  
s t e r i c  e f f e c t s  were o p e r a t i v e  i n  t h e  l a t t e r  case. To i n v e s t i g a t e  i n  a q u a n t i t a t i v e  way t h e  
aspect o f  s t e r i c  i n h i b i t i o n  o f  resonance i n  carbanions, we exp lo red  t h e  p o s s i b i l i t y  o f  
p r e d i c t i n g  t h e  s h i f t  o f  t h e  ca rban ion ic  carboi i  i n  t r i s u b s t i t u t e d  systems. We modulated t h e  
s t e r i c  congest ion  around t h e  ca rban ion ic  carbon on cons ide r ing  t h e  benzhydryl  carban ions  
Ph$ X (4 )  and t h e  a - s u b s t i t u t e d  p h e n y l a c e t o n i t r i l e s  PhC (CN)X (5): thus  a cyano group, known 
t o  e x e r t  i i l in imal s t e r i c  requirements,  s u b s t i t u t e s  i n  (5) on_e phenyl group i n  ( 4 ) .  Since t h e  
charge demand o f  t h e  phenyl group i n  benzyl  carban ions  PhCH X (qph) i s  v a r i a b l e  on v a r y i n g  X, 
we assumed, as i n d i c a t e d  i n  t h e  Scheme, an i d e n t i c a l l y  v a r i a b l e  qph f o r  t h a t  phenyl  g roup-o f  
t h e  two t h a t  i n  t h e  benzhydryl  systems was supposed t o  be cop lanar  (Ph= _with t h e  C - X  
moiety,  w h i l e  f o r  t h e  o t h e r  phenyl we assumed i t  was or thogona l  (Phi) t o  t h e  C - X  mo ie ty  and 

qph= 0.29 (3) qph= 0.09 ( X  = NO2) (4) qPh==0'09-0*19 (3) qp,,= 0.10 (estimate) 

qPhl=o 0.19 ( X  = SOMe) 

consequent ly we have l a b e l l e d  i t  w i t h  q h  = 3. Thus, t h e  equat ion  t h a t  would p rov ide  t h e  
s h i f t  o f  t h e  ca rban ion ic  carbon i n  benzhydryl  systems was r e w r i t t e n  i n  t h e  f o r n  o f  eq. 6 

sC(13 )  = 122.8 t 2Aph t AX - 160 [(2-qph - qx  - 01-11 eq. (6) 

hhere qphand qx  a re  t h e  values p r e v i o u s l y  ob ta ined  and o p e r a t i v e  ( r e f .  6 )  i n  t h e  benzyl  
carbanions. Values o f  C-13 s h i f t  p r e d i c t e d  by eq. 6 a re  p l o t t e d  vs t h e  exper imenta l  ones: a 
n i c e  l i n e a r  r e l a t i o n s h i p  i s  ob ta ined as shown i n  F i g .  3. 
Analogously, i t  was thought  t h a t  i n  a - s u b s t i t u t e d  p h e n y l a c e t o n i t r i l e s  t h e  frame N C - C - - X  would 
leave poor chances t o  t h e  phenyl group t o  e x e r t  f u l l y  i t s  d e l o c a l i z i n g  capac i t y .  Assuming 
t h a t  t h e  copresence o f  X and C N  on t h e  carban ion  would behave, owing t o  s a t u r a t i o n  phenomena, 
as a n i t r o  group, we have assigned t o  t h e  qph i n  (5) t h e  va lue  o f  0.10. For  t h e  anions o f  
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F i g .  4. P r e d i c t i v e  power o f  equat ion  ( 7 )  f o r  
PhC-(CN)X, where qph = 0.10, qCN and qx as 
i n  CH- (CH)X  

a - s u b s t i t u t e d  p h e n y l a c e t o n i t r i l e s  t h e  equa t ion  p r o v i d i n g  t h e  s h i f t  o f  t h e  ca rban ion ic  carbon 
would t a k e  t h e  fo rm o f  eq. 7. 

StC(13) = 122.8 -t ACN + A -t Aph - 160 [(2-qcN - qph - q x ) - l J  X - eq. ( 7 )  

As i n d i c a t e d  i n  F i g .  4, a l s o  i n  t h i s  case t h e  p l o t  o f  t h e  values p r e d i c t e d  by eq. 7 and t h e  
exper imenta l  s h i f t s  a re  n i c e l y  l i n e a r l y  c o r r e l a t e d .  

I n  conc lus ion ,  i n  t r i s u b s t i t u t e d  carban ions  i n  which a t  l e a s t  one o f  t h e  a c t i v a t i n g  groups 
has minimal s t e r i c  requirements (e.g. t h e  - C N ) ,  no s t e r i c  i n h i b i t i o n  o f  resonance i s  
evidenced, o r  a t  l e a s t  n o t  l a r g e r  than i n  PhCH X. Ins tead,  i n  t h e  benzyhydryl  s y s t e m  s t e r i c  
i n h i b i t i o n  of resonance i s  ope ra t i ve :  j u s t  f o r  t h e  sake o f  s i m p l i c i t y ,  we have l a b e l l e d  one 
phenyl as comp le te l y  con jugated  and t h e  o t h e r  phenyl  group as c o n j u g a t i v e l y  i n a c t i v e :  i t  i s  
c l e a r  t h a t  t h e  r e a l  system w i l l  adopt an average conformat ion  w i t h i n  these two l i m i t s .  

(Y-CYANO- A N D  (Y-SULFONYLCARBANIONS 

One impor tan t  aspect t h a t  remains t o  be f u l l y  app rec ia ted  a r i s e s  when i t  i s  cons idered t h a t  
t h e  charge demands exe r ted  by t h e  cyano group and by f u n c t i o n a l i t i e s  i n c o r p o r a t i n g  second row 
elements (SOzR, O=P(OEt)Z) a re  weak indeed. I n  m a l o n o n i t r i l e  anion almost 60% o f  t h e  
nega t i ve  charge r e s i d e s  on t h e  ca rban ion ic  carbon! As p r e v i o u s l y  discussed ( r e f .  61, a l l  t h i s  
i n d i c a t e s  t h a t  t h e  charge t r a n s f e r  f rom a ca rban ion ic  carbon t o  t h e  ad jacent  X o f  t h e  k i n d  as 
above i s  n o t  t h e  p r imary  mechanism o f  s t a b i l i z a t i o n  of t h e  an ion i c  species.  A s t a b i l i z a t i o n  
mechanism i n  t h e  anion must be nonetheless o p e r a t i v e :  evidence f o r  t h i s  i s  man i fes ted  by t h e  
l a r g e  i nc rease  i n  a c i d i t y  p rov ided by t h e  cyano group i n  p h e n y l a c e t o n i t r i l e  r e l a t i v e  t o  
to luene,  even l a r g e r  than t h a t  caused by t h e  methoxycarbonyl group, a f u n c t i o n a l i t y  t h a t ,  
upon fo rm ing  an eno la te ,  t y p i c a l l y  p rov ides  s t a b i l i z a t i o n  by charge t r a n s f e r .  The cause o f  
s t a b i l i z a t i o n  i n  a-cyano-, a - s u l f i n y l - ,  a - s u l f o n y l - ,  a-phosphonylcarbanions must be looked 
f o r  than i n  t h e  fo rma t ion  o f  a n bonding between t h e  carban ion  c e n t r e  and t h e  X 
f u n c t i o n a l i t y ,  w i t h  n e g l i g i b l e  o r  almost no charge t r a n s f e r .  It i s  ev iden t  t h a t  t h e  VB 
fo rmal ism i s  a poor d e s c r i p t o r  o f  t h i s  s i t u a t i o n :  w i t h i n  such theory ,  i n  f a c t ,  s t a b i l i z a t i o n  
o f  a species i s  assoc ia ted  and accounted f o r  w i t h  rnesomerism among d i f f e r e n t  l i m i t  s t r u c t u r e s  
which a re  i n te rconnec ted  t o  one another by e l e c t r o n  (and thus  charge)  t r a n s f e r .  The 
d e s c r i p t i o n  o f  a-cyanocarbanions as ke tene imine  n i t r o a n i o n s  would r e q u i r e  some a s s o c i a t i o n  o f  
t h e  n e g a t i v e l y  charged n i t r o g e n  w i t h  c a t i o n s  and i t s  involvement i n  hydrogen bonding. Absence 
o f  e f f e c t s  between p r o t i c  and a p r o t i c  so l ven ts  on t h e  a c i d i t y  o f  m a l o n o n i t r i l e  ( r e f .  19) and 
on t h e  n.m.r. spec t ra  o f  i t s  con jugate  anion ( r e f .  14) a r e  aga ins t  such a d e s c r i p t i o n .  
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Evidence f o r  e s s e n t i a l l y  l o c a l i z e d  m bonding between t h e  ca rban ion ic  carbon and an ad jacent  
cyano ( r e f .  211, s u l f o n y l  ( r e f .  221, and s u l f i n y l  ( r e f .  23)  group have been p rov ided  by 
b e a u t i f u l  c r y s t a l l o g r a p h i c  i n v e s t i g a t i o n s  c a r r i e d  o u t  independent ly  by Gais and by Boche: 
t h e i r  r e s u l t s  e s s e n t i a l l y  c o n f i r m  t h e  suggest ions forwarded by t h e  n.m.r. work ( r e f .  6 ) .  
Almost 15 yea rs  ago, i n  connect ion  w i t h  t h e  excep t iona l ,  a r o m a t i c - l i k e  s t a b i l i t y  o f  
t h i i n - 1 , l - d i o x i d e  an ion  ( 6 )  ( r e f .  24) and i t s  benzo-congeners ( r e f .  251, we approached t h e  
problem o f  bonding i n  a - s u l f o n y l  carban ions  by e v a l u a t i n g  t h e  X-ray s t r u c t u r e s  o f  some 
aza-analogs o f  t h e  carbanions ( re f .  26) .  I n  every  case a s t reng then ing  o f  t h e  SO2-C bond and 
a s l i g h t  involvement o f  t h e  S-0 bond was found, i n  s t r i c t  analogy w i t h  t h e  more recen t  Gais 
and Boche r e s u l t s .  

JJ 
Me q,Wm= 0.48 

H Ph 
(4 (b) 

R = H : q2-Thz=0.35 

R- R = (CH& : q2-Brthz= 0.45 

HETEROCYCLIC AZINES AND AZOLES AS ELECTRON-WITHDRAWING 
GROUPS 

Desp i te  t h e  u n i v e r s a l l y  accepted c l a s s i f i c a t i o n  o f  he teroaromat ics  i n  a - e x c e s s i v e  and 
m - d e f i c i e n t  systems, a q u a n t i t a t i v e  r a n k i n g - i n  o n l y  p a r t i a l l y  a v a i l a b l e  ( r e f .  27) o r  m iss ing  
a t  a l l .  The study o f  benzyl  anions PhCH X i n  which X i s  e i t h e r  a p y r i d y l ,  p y r i m i d y l ,  
p y r a z i n y l ,  o r  p y r i d a z i n y l  r i n g  has asce r ta ined  t h a t  these he teroaromat ics  do s t a b i l i z e  ve ry  
e f f i c i e n t l y  a cont iguous  ca rban ion ic  cen te r  by mesomeric mechanisms. Subs tan t i a l  nega t i ve  
charge i s  t r a n s f e r r e d  from t h e  ca rban ion ic  c e n t r e  t o  t h e  he te rocyc le ,  i n v o l v i n g  h i g h m  bond 
cha rac te r  o f  t h e  bond connect ing  these two s i t e s .  As a consequence geomet r ica l  isomerism o f  
t h e  anions nay e x i s t ,  s imu l taneous ly  w i t h  room temperature s h i f t  non equ iva lence ( r e f .  20) .  

The n.m.r. evidence (comparison wis;h spec t ra  of s p e c i a l l y  t a i l o r e d  methyl  d e r i v a t i v e s ,  
c o u p l i n g  cons tan ts ,  and NOE esper iments) suppor ts  t h e  pre ference f o r  t h e  geomet r ica l  isomer 
i n  which t h e  phenyl  group i s  cis t o  t h e  n i t r o g e n  atom, as shown i n  Scheme 2. I n  t h e  case o f  
benzy lan ions  o f  d iaz ines ,  s a t u r a t i o n  phenomena a re  aga in  present,  as i t  i s  shown by t h e  smal l  
i nc rease  o f  t h e  charge demands o f  2- and 4 - p y r i n i d y l  groups r e l a t i v e  t o  t h e  2- and 4 - p y r i d y l  
groups, which i n s t e a d  a re  s i zeab ly  inc renented  r e l a t i v e  t o  t h e  phenyl group ( q  = 0.29 i n  
diphenylmethanel .  Ph 

NITROANIONS: RESPONSE OF N-15 SHIFTS TO u AND T CHARGE 

R e l a t i v e  t o  t h e  n e u t r a l  p recursors ,  N-15 s h i f t s  o f  n i t r o a n i o n i c  species de r i ved  f rom aromat ic  
and he teroaromat ic  amino- and amido f u n c t i o n a l i t i e s  a re  p resent  a t  lower f i e l d s  (Tab le  4 ) .  
Ins tead,  t h e  N-15 s h i f t s  of t h e  p y r i d y l  n i t r o g e n  i n  ca rban ion ic  and n i t r o a n i o n i c  species i n  
which t h e  p y r i d y l  n i t r o g e n  i s  con jugated  w i t h  t h e  a n i o n i c  cent re ,  i s  d i sp laced  towards 
h i g h - f i e l d .  Th i s  dichotomous behaviour i s  i n t e r p r e t e d  on cons ide r ing  t h a t  t h e  genera t i on  o f  a 
nega t i ve  charge ( e l e c t r o n  p a i r )  i n  an s$ o r b i t a l  o f  a t r i g o n a l  n i t r o g e n  causes a l o w - f i e l d  
s h i f t ,  w h i l e  an increment i n  t h e m  e l e c t r o n  d e n s i t y  on a t r i g o n a l  n i t r o g e n  w i t h  t h e  e l e c t r o n  
p a i r  r e s i d i n g  i n  t h e  p o r b i t a l  causes a h i g h - f i e l d  displacement.  Two f a c t s  suppor t  t h i s  
i n t e r p r e t a t i o n .  ( a )  The l o w - f i e l d  s u f f e r e d  by t h e  N-15 n i t r o g e n  o f  p y r r o l e  upon fo rma t ion  o f  
t h e  n i t r o a n i o n ,  displacement t h a t  cannot be asc r ibed  t o  any pyramidal  + t r i g o n a l  
r e h y b r i d i z a t i o n .  ( b )  The h i g h - f i e l d  s h i f t  o f  N-15 o f  p y r i d i n e  upon fo rma t ion  o f  t h e  
p y r i d i n i u m  i o n :  i n  t h i s  l a t t e r  case t h e  displacement i s  due bo th  t o  t h e  disappearance o f  t h e  
sp2 lone  p a i r  and t o  t h e  i nc rease  o f  m e l e c t r o n  d e n s i t y  on n i t r o g e n  as r e s u l t i n g  f rom an 
augmented m w i t h d r a w l  of t h i s  atom f rom t h e  r i n g .  Recogn i t ion  t h a t  an e l e c t r o n  p a i r  i s  
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generated iii an sp2 o r b i t a l  upon depro tona t ion  o f  a c t i v a t e d  n i t r o g e n  ac ids  o f  t h e  t y p e  NH2X 
and PhNHX b e a u t i f u l l y  exp la ins  t h e  d i f f e r e n t  s e n s i t i v i t i e s  o f  n i t r o g e n  ac ids  r e l a t i v e  t o  
carbon ac ids .  I n  f a c t ,  s e n s i t i v i t i e s  o f  carbon ac ids  CH3X and PhCH2X and o f  analogous 
n i t r o g e n  ac ids  NH2X and PhNHX t o  p o l a r - i n d u c t i v e  and mesomeric e f f e c t s  exe r ted  by sub- 
s t i t u e n t s  X a re  j u s t  oppos i te :  w h i l e  a c i d i t i e s  of carbon ac ids  are  dominated by t h e  mesomeric 
e f f e c t s  exe r ted  by X ( r e f .  71, a c i d i t i e s  o f  n i t r o g e n  ac ids  a re  dominated by t h e  
p o l a r - i n d u c t i v e  e f f e c t s  exe r ted  by X ( r e f .  8). The n i t r o a n i o n  sp2 e l e c t r o n  p a i r  has n o t  t h e  
r i g h t  symmetry f o r  be ing  d e l o c a l i z e d  on to  X and thus  does n o t  p a r t i c i p a t e  d i r e c t l y  by a 
niesomeric mechanism t o  t h e  s t a b i l i z a t i o n  o f  t h e  n i t r o a n i o n :  i ns tead ,  p o l a r - i n d u c t i v e  
i n t e r a c t i o n s  w i t h  t h e  cont iguous  f u n c t i o n a l i t y  X w i l l  be p r i m a r i l y  respons ib le  f o r  a c i d i t y  
v a r i a t i o n s .  S u b s t i t u t i o n  o f  a N-H bond w i t h  and sp*  e l e c t r o n  p a i r  w i l l  decrease t h e  e l e c t r o n  
demand o f  n i t r o g e n :  as a consequence, t h e  e l e c t r o n  p a i r  s i t t i n g  i n  t h e  p o r b i t a l  o f  a 
t r i g o n a l  n i t r o g e n  o f  a n i t r o a n i o n  w i l l  be more a v a i l a b l e  f o r  d e l o c a l i z a t i o n  on n acceptor 
groups. The h i g h - f i e l d  s h i f t  exper ienced by t h e  p y r i d y l  N-15 n i t r o g e n  s h i f t  on go ing  f rom 2-  
and 4-aminopyr id ine  t o  t h e  cor respond ing  n i t r o a n i o n s  should be i n t e r p r e t e d  i n  t h e  above 
terms, as an i n d i r e c t  re lease  o f  t h e  p - n  e l e c t r o n  p a i r  o f  t h e  an ion i c  n i t r o g e n .  
Q u a n t i t a t i v e  r e l a t i o n s h i p s  between N-15 s h i f t s  and e l e c t r o n  d e n s i t y  r e s i d i n g  t h e r e i n  have 
been p r e v i o u s l y  proposed ( r e f .  28):  t h e i r  v a r i a b l e  success depended upon t h e  s o p h i s t i c a t i o n  
o f  t h e  c a l c u l a t i o n  p r o v i d i n g  t h e  n e l e c t r o n  dens i t y .  I n  f a c t ,  w h i l e  t h e  s e n s i t i v i t y  o f  C-13 
t o n  e l e c t r o n  d e n s i t y  has been d i r e c t l y  ob ta ined,  w i t h o u t  t h e  need o f  any MO c a l c u l a t i o n ,  
s imp ly  by p l o t t i n g  exper imenta l  s h i f t  v a r i a t i o n s  vs t h e  t o t a l  n charge r e s i d i n g  on c y c l i c  
symmetr ical  a romat ic  i o n s  d i v i d e d  by t h e  number o f  t r i g o n a l  carbon atoms, i n  t h e  case o f  
n i t r o g e n  he teroaromat ics ,  because t h e  n e l e c t r o n  d e n s i t y  i s  unevenly d i s t r i b u t e d  between 
n i t r o g e n  and carbon atoms, t h e  n i t r o g e n  n charge d e n s i t i e s  must o r i g i n a t e  f rom t h e o r e t i c a l  
c a 1 cu  1 a t  i on s . 
The t h e o r e t i c a l l y  expected l i n e a r  dependence o f  N-15 s h i f t s  f rom n e l e c t r o n  d e n s i t y  i s  
exper imen ta l l y  war ren ted  by t h e  e x t r a o r d i n a r y  C(13)-N(15) s h i f t  l i n e a r  r e l a t i o n s h i p  r e p o r t e d  
i n  F ig .  5: t h e  s t r a i g h t  l i n e  can be expressed a n a l y t i c a l l y  i n  t h e  fo rm o f  eq . (8 )  and i s  

sN(15 )  = 2.275 s C ( 1 3 )  -77.41 ( r  = 0.994) eq. ( 8 )  

- 

- 

- 

ob ta ined  by p l o t t i n g  C-13 s h i f t s  o f  carbocyc les  and he te rocyc les  vs t h e  s h i f t s  o f  N-15 atoms 
occupying analogous p o s i t i o n s  o f  co r respond ing ly  i s o e l e c t r o n i c  and i s o s t r u c t u r a l  aza-systems. 
The r e l a t i o n s h i p  o f  eq . (8 )  i s  a l s o  p a r t i c u l a r l y  impor tan t  because i t  documents, on an 
exper imenta l  and q u a n t i t a t i v e  bas is ,  t h e  severa l  t imes  dec la red  analogy o f  cyc lopen tad ieny l  

l oo -  

Table 4. 15N Chemical s h i f t s  o f  nitroanions sodium 
sa l ts  and t h e i r  precursors , 

Compound State' 6N(ar,,ine) 

Ph-NH2 N 58.2 

2-NH py N 72.8 265.7 

4-NH py N 67.8 275.0 

PhNHCOMe N 133.0 

2-PhCH2py N 314.5 

4-PhCH2py N 309.0 

Pyrrole N 154.1 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Ad (erl------ Ad b 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Ae 124.8 t66.6 

A 146.5 t73.7 246.0 -19.7 

A 150.0 t82.2 234.3 -40.7 

2 

2 

Ae 206.4 t73.4 

A 256.2 -58.3 

A 212.4 -96.6 

A 239.0 t84.9 ____-_____--___-________________________---------- 

I I I I , , / ,  

1 

Nitrogen shielding re la t i ve  t o  l i q u i d  NH3(0.0 ppm), 3, c-9 Of f luorenyl  anion; 
4, benzene; 
5, C-3 o f  pyridine; 
6 *  c -2  Of !-"e-PYrrole; 
7 9  c-3 of 1-!@-Pyrrole; 
8, C - 1  o f  Ph-Li. 

3, carbazole; 
4, pyridinium ion; 
5, NH o f  pyrimidine 

monocation; 
6, NH o f  1-l.le- 

pyrazoliun; 
7, NH o f  1-Me-imi- 

ciazoliun; 
8, pyr id ine.  

a 

380.23 ppm from neat nitromethane; b py= pyridine; 
C N  = neutral :  Me$O-d6 solut ion l! i n  substrate, 
A anion: Me S02solution 0.5! i n  substrate, l! i n  
base; $ A  = S(an ion) -S(neut ra l ) :  pos i t i ve  values 
represent lowf ie ld  d i  spl acements; N (  1 5 )  -enriched 
substrate used f o r  the anionic solut ion.  
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Scheme 3 

Charge maps i n  2-  and 
4 - b e n z y l p y r i d i  ne c a r b a n i o n s .  

1.040 

H 
1.215 

Qph= 6.179 ; 2 qn= 13.962 Qph=6.185 ; Zqn=14D05 

a n i o n  and p y r r o l e ,  i n d e n y l  a n i o n  and i n d o l e ,  f l u o r e n y l  a n i o n  and c a r b a z o l e ,  p h e n y l  l i t h i u m  
and p y r i d i n e ,  benzene and p y r i d i n i u m  i o n .  E q u a t i o n  (8) does n o t  p r o v i d e  however t h e  
s e n s i t i v i t y  o f  N-15 f r o m  n - e l e c t r o n  d e n s i t y .  The b e s t  t h e o r e t i c a l  app roach  t o  n - e l e c t r o n  
d e n s i t i e s  appears t o  be  p r o v i d e d  b y  F l i s z a r  ( r e f .  29 )  f o r  t h e  s e r i e s  o f  p y r i d i n e ,  p y r i m i d i n e ,  
p y r a z i n e ,  and z - t r i a z i n e .  A c c o r d i n g l y ,  eq. (9) wou ld  r e s u l t s .  I f  b o t h  eq.  ( 2 )  and e q . ( 9 )  

B N ( 1 5 )  = 347.35 - 626.76 (qN - 1 )  eq. ( 9 )  

a r e  a p p l i e d  t o  t h e  C-13 and N-15 s h i f t s  o f  2-  and 4 - b e n z y l p y r i d i n e  c a r b a n i o n s ,  t h e  c h a r g e  
maps r e p o r t e d  i n  Scheme 3 a r e  o b t a i n e d .  It i s  r e w a r d i n g  t o  n o t e  t h a t  t h e  t o t a l  number o f  
G e l e c t r o n s  C q  o b t a i n e d  upon summati-on o f  t h e  l o c a l  n - e l e c t r o n  d e n s i t i e s  i s  e x t r e m e l y  c l o s e  
t o  t h e  t h e o r e t i c a l  v a l u e s  o f  14 e , s i m p l y  o b t a i n e d  b y  a d d i n g  t h e  e l e c t r o n  p a i r  o f  t h e  
c a r b a n i o n  t o  t h e  1 2 n  e l e c t r o n s  o f  t h e  t w o  r i n g s .  
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