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P y r r o l i d i n e ,  p i p e r i d i n e  a n d  m o r p h o l i n e  e n a m i n e s  o f  c y c l o h e x a n o n e

(la-c) react with allylic halides to give

mixtures  of  i somer ic  a lkyla ted  products  in  which  the

i somer - r a t i o  can  be  co r r e l a t ed  wi th  t he  chemica l

1 s h i f t s  (  1 H  a n d  1 3 C )  o f  t h e  b - c a r b o n  o f  t h e  e n a m i n e s .

Enamine reagents are f requen t l y  prepared from carbonyl compounds and (hetero)-  

c y c l i c  secondary amines. Recent work from t h i s  laboratory  has drawn a t t e n t i o n  

t o  the impor tant  r o l e  o f  the base-component i n  the reac t ion  of enaminesZs3. We 

now present  r e s u l t s  which show t ha t  the r e a c t i v i t y  p a t t e r n  of  enamines w i t h  

a l l y l i c  ha l i des  i s  profoundly  in f luenced  by the nature of  the he te rocyc l i c  

base-componen t .  

Enamines are known t o  reac t  w i t h  a l l y l i c  (and p ropargy l i c )  ha l ides  t o  g ive 

two types o f  subs t i t u t ed  products;  those i n  which the i n t e g r i t y  of the s t a r t -  

i ng  e lec t roph l14c  subs t i t uen t  i s  conserved and those i n  which the subs t l tuen t  

ka-g 
i s  present I n  i t s  rearranged form . The format ion of  the l a t t e r  products has 

been shown t o  proceed v i a  an I n i t i a l  N -a l ky l a t i on  reac t ion ,  fo l lowed by an 

4c,d Aza-Cope rearrangement of the r e s u l t i n g  ammonium s a l t  . 
When enamines were a1 l w e d  t o  reac t  w i t h  c r o t y l  and cinnamyl. branldes 

(o ' ,  CH CN, 65h), the r eac t i on  m ix tu re ,  a f t e r  hydro lys is ,  y ie lded  isomeric ke- 3 
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tones - 2 (R = Me,Ph) and 3 (R = Me,Ph) i n  good y i e l d .  The r a t i o  o f  2:3 was de- 

termined by GLC; the r e s u l t s  are presented i n  Fig. I. 

a . X = -  

b. X = CH, 
c. X s  0 

Tota l  y i e l d :  R = Me, 48-59?; R = Ph, 78-85%. Unreacted enamine, i d e n t i f i e d  as 

cyclohexanone, accounted f o r  the r e s t  o f  the reac t i on  mix tu re .  

Fig. I 

I n  the  l i g h t  of  the known mechanism o f  the reac t i on  o f  enamines and a l  l y l  i c  

ha1 ides, a l  l y l a t e d  cyclohexanones 2 and 3 may be regarded as the products o f  

C- and t i - e l e c t r o p h i l i c  a t t ack  of the  enamines, r espec t i ve l y  (F ig .  11). 

That fo rmat ion  o f  3 ( R  = ~e ,Ph)  involved in termediates and 5 was s t r o n g l y  

supported by the observat ion t h a t  r eac t i on  o f  enamine 5 w i t h  methyl iod ide,  

under, cond i t ions  o f  a l k y l a t i o n  o f  e, y ie l ded  - 3 (R = Ph) as the  major (>80%) 

product.  Since 6 i s  s t ab le  under the  reac t i on  cond i t ions ,  these r e s u l t s  imply 
. , ,-. . . ,  5 t h a t  ammonium s a l t  - 7 undergoes an extremely f a c i l e  Aza-Cope rearrangement . 



Fig.  I I  

I t  i s  apparent from the r e s u l t s  i n  F ig .  I t h a t  w h i l e  the p y r r o l i d i n e  enamine 

(3) undergoes predominant C -a l ky l a t i on ,  p i p e r i d i n e  and morphol i ne  enamines 

(Q) bo th  ( i n i t i a l l y )  undergo N - a l k y l a t i o n  as the major process. The d i f f e r -  

ence between the r e a c t i v i t y  pa t t e rns  o f  > and &, enamines whose base-compo- 

nents possess s im i  l a r  b a s i c i t i e s  (Table I )  and environment around the n i t rogen .  

can be bes t  r a t i o n a l i z e d  i n  terms o f  the ease of  format ion of an E-cycl i c  
- 

double bond t o  the 5-membered p y r r o l i d i n e  r i n g a * .  Whi le  such a f ac to r  would 

be undoubtedly invo lved  i n  the t r a n s i t i o n  s t a t e  o f  the enamine r eac t i on  ( a t  

C 1 ,  chemical s h i f t s  o f  H and C (Table 1 )  suggest t h a t  - assuming these B B 6 
values r e f l e c t  e l e c t r o n  d e n s i t i e s  a t  t h a t  cen t re  - the d i p o l a r  resonance 

s t r u c t u r e  o f  the enamine con t r i bu tes  more s i g n i f i c a n t l y  t o  the ground s t a t e  

of  la than t o  t h a t  o f  &. I t  i s  noteworthy t h a t  the C/N r a t i o s  o f  a l k y l a t i o n  



of  enanlnes &, W I  t n  a1 l y l i c  ha1 ides, p a r r a l  l e l  the chemical s h i f t s  of  the 

0-carbons and %-protons of  the enamines r a t he r  than the b a s i c i t y  constants o f  

the corresponding base-components. 

Enami ne p ~ ( B a s e )  C/N A l l y l a t i o n  

R - M e  R - P h  

1 a 11.32 4.29 93.4 2.45 6.7 

1b 11.20 4.64 100.1 0.17 0.12 

1c 8.4 4.67 100.5 0.11 0.25 

a ppm from TMS Table I 

These r e s u l t s  emphasize the importance of  the s e l e c t i o n  of  the base-component 

i n  p repar ing  an enamine-reagent f o r  s y n t h e t i c  ob j ec t i ves .  
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