
HETEROCYCLES, Vol. 18, 1982 

PROTONATION INDUCED CARBON-13 NMR SHIFTS IN PROTONATED CYCLIC AMINES* 
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A* - Protomtion induced Carbon-I3 NkQ c h e m i ~ t  sh i f t s  are measured for 

3 five cyclic mines  (1-5). The e f f ec t  of 2 hybridized positive charge on the 

chemical sh i f t s  of remote carbon a t m s  i n  pwtonated cyclic mines  i s  corn- 

2 
pared with the effect of 2 hybridized positive charge on the chemical sh i f t s  

of remote carbon atoms i n  arytoyctic cmbocatims. 

Recently, we observed t h a t  the  e f f ec t  o f  p o s i t i v e  charge (c+ center1 on the chemical s h i f t s  

of remote carbon atoms i n  c y c l i c  carbocations i s  markedly dependent on the r i n g  s i ze  and confoma- 

t i o n a l  c h a r a c t e r ~ s t i c s . " ~  It was of i n t e r e s t  t o  study the ef fect  of p o s i t i v e  charge on the chem- 

i c a l  s h i f t s  of remote carbon atams i n  protonated c y c l i c  amines (1-5). 

I n  add i t i on  t o  prov id ing the e f f e c t  o f  r i n g  s i ze  on the pro tonat ion  induced Carbon-13 NMR 

3 sh i f t s ,  the  data would a l so  a l l ow  the camparison o f  the e f fec t  o f  2 hybr id ized p o s i t i v e  charge on 

2 the  chemical s h i f t s  o f  remote carbon atoms i n  protonated c y c l i c  amines w i t h  the  e f fec t  of 

hybr id ized p o s i t i v e  charge on the chemical s h i f t s  of remote carbon atoms i n  a r y l c y c l i c  carbo- 

cat ions.  

Protonat ion induced Carbon-13 NMR s h i f t s  have been reported fo r  some c y c l i c  a m i n e ~ . ~  T r i -  

f l uo roace t i c  ac id  was used as the medium i n  t h i s  study. ~aueve r ,  i t  has been repor ted t h a t  i n  

some cases the s a l t s  p rec ip i t a ted  i n  t h i s  medium. We have observed t h a t  c l e a r  so lu t ions  o f  theamine 

[mol 10%) can be prepared i n  f l uo rosu l f u r i c  acid.  The amine was added t o  FS03H i n  an 8- NMR 

*Dedicated t o  Professor Herbert  C. Brown fo r  h i s  cont r ibu t ions  t o  chemistry on the occasion of h i s  
70th b i r thday.  



tube a t  -78Y and the contents were slowly waned t o  25'C w i t h  s t i r r i n g .  The ' 3 ~  NMR spectra were 

recorded a t  25'C on a Varian CFT-20 spectrometer, using 8192 data points,  a spectral width of 

4000 Hz, and a pulse angle o f  45'. The chemical s h i f t s  o f  the protonated amines are sumnarized i n  

Table I, along w i t h  the sh i f t s  observed for  the parent amines. 

b TABLE I. 13c Shi f tsa o f  Free Iminer and Protonated m i n e s  

System Chemical s h i f t C  

6 Cu A6Ca 6CB A6CB 6 CY A6 Cr 

 h he chemical sh i f t s  (6C) are i n  pm- downfield from tetramethylsi lane. The chemical sh i f t s  of 

the amines are measured i n  CDC13 w i t h  i n te rna l  tetramethylsi lane. The chemical sh i f ts  of the pro- 

tonated amines are keasured i n  FS03H using 8-mn NMR tubes containing a concentr ic 3-mn (outside 

diameter) c a p i l l a r y  tube o f  acetone-d6 and tetramethylsi lane. b~ll of the amines used here are 

comnercially avai lable.  C ~ r o t o n a t i o n  sh i f t s  A6C = AKNH - A6C +. The plus and minus signs mean 

the up f ie ld  and downfield protonat ion sh i f ts ,  respect ively.  
NH2 

The a-carbon atoms i n  these amines U-5) undergo downfield (deshielding) sh i f t s  on protonation. 

This can .bea t t r i bu ted  t o  the induct ive e f f e c t  o f  the pos i t i ve  charge. Such downfield sh i f t s  were 

observed for  the a-carbon atoms i n  a r y l c y c l i c  carbocations w i th  increasing the pos i t i ve  charge a t  

the ca t ion i c  carbon center.' " 

The B-carbon atoms i n  the amines (1-5) undergo upf ie ld  s h i f t  (sh ie ld ing)  on protonation. It 

4 3 has been suggested t h a t  the cause for  such a s h i f t  may be e i t h e r  a o- induct ive effect o r  an 

e l e c t r o s t a t i c - f i e l d  e f f e c L 5  The o-inductive effect has been suggested t o  a l ternate and attenuate 

along the carbon s k e l e t ~ n . ~  I t  i s  a lso suggested t o  be dependent on the conformation of the r i n g  

sys ten3  The e l e c t r o s t a t i c - f i e l d  effect has been suggested t o  operate through space and depend on 

the e l e c t r i c  f i e l d  o f  the pos i t i ve  charge,distance between the pos i t i ve  charge and the 13c s i t e  and 

o r b i t a l  ~ r i e n t a t i o n s . ~  Although d i f f e r e n t i a t i o n  of these two ef fec ts  i s  d i f f i c u l t .  the 
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observed resu l t s  i nd i ca te  t h a t  the up f ie ld  s h i f t  i s  h igh ly  dependent on conformation. I n  a 

r e l a t i v e l y  planar r i n g  system, such as the py r ro l i d ine  (2) system, the u p f i e l d  s h i f t  i s  r e l a t i v e l y  

small compared t o  the puckered (chair-boat) p iper id ine (3) system. The r e l a t i v e l y  larger  protona- 

t i o n  upf ie ld  s h i f t  observed f o r  the 8-carbon atan i n  azet idine a) system might ind icate  the puck- 

ered nature of t he  r i n g  system. The upf ie ld  s h i f t  observed f o r  the 8-carbon atom i n  hexamethylene- 

imine (4) i s  comparable t o  tha t  observed f o r  the p iper id ine (3) system. A s i m i l a r  u p f i e l d  s h i f t  i s  

observed for  the qu inuc l id ine (5) system. 

The o- induct ive effect o f  the pos i t i ve  charge i n  protonated amines would be expected t o  f a l l  

off sharply as the distance between the  pos i t i ve  charge and the 13c s i t e  increases. Hmvever, the 

e lec t ros ta t i c - f i e ld  e f f e c t  could s t i l l  be e f fec t ive if the pos i t i ve  charge and the s i t e  could 

come closer i n  space because o f  conformational character is t ics .  Indeed, the magnitude of the up- 

f i e l d  s h i f t  (13.0) observed f o r  the y-carbon atom i n  the p iper id ine system (3) i s  comparable t o  

t h a t  observed for  the %-carbon atan. Accordingly, i t  appears t h a t  the e l e c t r o s t a t i c - f i e l d  e f fec t  

contr ibutes more t o  the observed upf ie ld  sh i f ts .  

2 It i s  o f  i n te res t  t o  note t h a t  the q hybridized pos i t i ve  charge i n  carbocations causes down- 

3 f i e l d  s h i f t  compared t o  the upf ie ld  s h i f t  induced by the  q hybridized charge i n  protonated amines. 
+ 

For example, increasing the pos i t i ve  charge a t  the C center i n  1-aryl-1-cyclohexyl carbocations 

(p-0CH3 t o  p-CF3) causes downfield s h i f t  a t  the %-carbon atom by 11.3 ppm.' This i s  a t t r i bu ted  t o  

the  hyperconjugative i n te rac t i on  o f  t he  6-carbon o r b i t a l s  w i t h  the C+ center. 1 

The induct ive and hyperconjugative in terbct ions between the  C+ center and the  r e m t e  13c s i t e  

i n  carbocations would f a l l  o f f  sharply as the distance between the two s i t e s  increases. Conse- 
+ 

q w n t l y ,  one would expect the  C center t o  cause up f ie ld  s h i f t  f o r  ce r ta in  remote 13c s i t e s  s i m i l a r  

t o  the effect observed for  protonated amines. Indeed, a t  l eas t  i n  two cases (7 and 8). such up- 



f i e l d  s h i f t s  are observed . '~~  Since the induct ive and hyperconjugative effects generally cause 
2 d w n f i e l d  sh i f t s  for  the hybridized carbocations, the u p f i e l d  s h i f t s  observed w i th  increasing 

+ 
pos i t i ve  charge a t  the C center i n  Systems 7 and 8 appear t o  be due t o  the e l e c t r o s t a t i c - f i e l d  

effect o f  the pos i t i ve  charge. Consequently, these observations substant iate the conclusion tha t  

the up f ie ld  sh i f t s  observed f o r  6- and y-carbon atoms i n  protonated amines (1-5) are p r imar i l y  due 

t o  the e l e c t r o s t a t i c - f i e l d  e f f e c t  of the pos i t i ve  charge on these carbon atoms. 
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