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From the temperature and pressure dependence of the chemi­

c a l exchange broadened proton NMR-spectra of N , N - d i a l k y l -

amides the f r e e a c t i v a t i o n energy AG* and the a c t i v a t i o n 

volume AV* are determined. The emphasis i n the s e r i e s of 

compounds presented here i s to study s y s t e m a t i c a l l y the 

i n f l u e n c e of s t e r i c a l hindrance upon AV* i n some 2,6 d i -

s u b s t i t u t e d N,N-dimethylbenzamides (diagram 1), and to i n ­

v e s t i g a t e the c o n t r i b u t i o n of the s i z e of the N , - a l k y l - s u b -

s t i t u e n t s i n some 1-Naphthoic a c i d N ,N-dialkylamides upon 

AV* (diagram 2 ) . For the naphthoic a c i d amides with con-

R 

f o r m a t i o n a l l y f l e x i b l e N - a l k y l s u b s t i t u e n t s ( - e t h y l , 

- n - p r o p y l , - n - o c t y l , -benzyl ) a second exchange process 

i s observed. This process i s a s c r i b e d to the r o t a t i o n of 

the whole amide group around the c a r b o n y l - a r y l bond ( I I 



i n d i agram 2). 

Ex p e r i m e n t a l : The data have been obtained at 100.1 MHz 

with a Varian XL-100-FT-Spectrometer, i n a modified 

Yamada (1) strengthened g l a s s c e l l ( 2 ) . The s p e c t r a were 

simulated by a p p l i c a t i o n of the n o n - i t e r a t i v e part of the 

DNMR 5 program ( 3 ) . Temperatures are accurate to ± 0.5 K. 

RESULTS AND DISCUSSION 

Table 1 compiles the AG* and AV* f o r the 2,6 d i s u b s t i t u -

ted N,N-Dimethy1benzamides. 

Table 1: A c t i v a t i o n parameters f o r the benzamides 

Su b s t i tuent AG* AV* 

R 1 = R 2 ( k J - m o l " 1 ) ( c m 3 m o r 1 ) 

H 63 7.5±0.5 

F 84 7.5±1 

0CH 3 84 7.5±1 

N0 2 98 5.5±1 

NH 2 56 5.0±0.5 

c i 2 95 4 ±1 

CH 3 97 3 ±1 

The bulky 2,6 s u b s t i t u e n t s do f o r c e the dimethyl amide 

groups i n a p o s i t i o n p e r p e n d i c u l a r to the plane of the 

benzene r i n g . The i n c r e a s e i n AG* r e s u l t s from the l o s s 

of e l e c t r o n i c i n t e r a c t i o n between the T r-electrons of the 

benzene r i n g and the carbonyl group and from the s t e r i c a l 

i n t e r a c t i o n between the N-methylgroups and the 2,6-sub-

s t i t u e n t s i n the t r a n s i t i o n s t a t e . The s e r i e s shows c l e a r ­

l y , t h a t AV* and AG* are not c o r r e l a t e d . 



The decrease in A V * i s only q u a l i t a t i v e l y p a r a l l e l to the 

in c r e a s e of over l a p between the 2 , 6 - s u b s t i t u e n t s and the 

N-methylgroup but can s t i l l be understood i n terms a 

simple s t e r i c a l model ( 4 ) . 

Table 2 gives the data obtained f o r the two exchange pro­

cesses i n the 1-naphthamides. 

Table 2: A c t i v a t i o n parameters f o r the 1-naphthamides 

R AG* AV* A G J J A V * j 

(kJ -mor 1 ) (cnAiol"1) (kJ-mol' 1) ( a A o l " 1 ) 

-H 74 7 5±1 - -
-CH3 72 6 5±0.5 62 0±1 

-CH2-CH3 74 6 5±1 63 0±1 

-(CHgJg-CHg 76 6 5±1 n.d. -
" C6 H5 73 8 5±1 63 0±1 

For these compounds the a c t i v a t i o n parameters obtained 

f o r both processes are p r a c t i c a l l y independent of the 

s i z e of the s u b s t i t u e n t s . Moreover the r o t a t i o n of the 

whole amide group i s e s s e n t i a l l y pressure independent. 

The best e x p l a n a t i o n that can be o f f e r e d f o r these r e ­

s u l t s at the moment i s , that the high moments of i n e r t i a 

of the groups,that do have to be ro t a t e d , s l o w down the 

motions of these group,compared to the t r a n s l a t o r i c d i f ­

f u s i o n of the s o l v e n t molecules. The space r e q u i r e d f o r 

the r o t a t i n g groups i s thus s e v e r e l y reduced. 
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