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The c i s - t r ans  i somer iza t ion  in a number  of e n a m i n e s -  l - m e t h y l - 2 - ( 2 ' - R - 2 ' - R , - m e t h y l -  
ene)pyrrol idines,  -piper idines ,  and -hexahydroazepines  - depends substantial ly on the 
nature of the 2 ' - subs t i tuent  and the ring size.  The energy b a r r i e r  to this p rocess  de- 
c r ea se s  as the abili ty of the substituents to delocalize the anionic center  in the t ransi t ion 
state increases .  The free energy of act ivat ion of rotat ion about the C----C bond is appre -  
ciably lower for  s i x -m em bered  enamines than for  the corresponding seven-  and f i v e - m e m -  
bered analogs.  

It is known [2-4] that the energy b a r r i e r  to rotat ion about the C----C bond in enamines is relat ively low 
(AG ~ -< 13 kca l /mole ) ,  and the f ree  energy of activation of i someriza t ion depends substantial ly on the 
cha rac t e r  of the substituents.  The effect of substituents at tached to the f l-earbon atom and the size of the 
ring in which the enamine nitrogen is included on the kinetic pa rame te r s  of this p rocess  was investigated 
in the present  study. The objects of the investigation were  enamines synthesized by react ion of N-methyl -  
butyro- ,  -va le ro - ,  and - cap ro lac t am diethylacetals with compounds having active methylene or  methyl 
groups  (Table 1): 
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g R=R'=CN 

* See [1] for  communicat ion XI. 
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Fig. 1. Change in the form of the signals of the N - C H  3 and 
3-CH 2 groups as  the t empera tu re  changes for  lib. 
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TABLE 1. Conditions for  the Synthesis of and Proper t i es  of P r e -  
viously Undescribed Enamines  I-III  

~ 1 ~  

oo~1,~1~ ~ bp(mm) 

Ia' 6.() 0,5 i 209--210 
(alcohol) 

lb 6o o,5]}~l,{il ~ 
i hexane) 

lC 80 3 47--48 
(hexane) 

i I 143 144 

II.e I30 3 ! 165--167 
�9 ! ( 3 )  

Ille 100 3 172--173 
i ] (3) 

Empirical 
formula 

C8HuN30 

C I o H , 4 N 2 0 2  

C I 4 H I ~ N O 2  

CuHjTNO4 

C12H19NO4 

C I H  N 

58,4 6,8 :6,0 i 58,2 

61,417,l 4,3 61,8 
f 

I 
72,41 7,7 72 1 ; 

I 

f 
58,417,8 

60,0i 7,8 

P~B fIR sper I 
i t g ~  - ' i v ' ,  Found, % Calc., % +~ 1 

g 

} )86 1166o 157,~,~64 6,7 25,4 (4.35) " ' 

7,2 14,4 284 11690 15801 50 

8,1 (4,38) 
/ 295 1675 t560160 

Revers ib le  changes in the fo rm of the signals of the N - C H  3 and 3-CH 2 groups were  observed in the 
PMR spect ra  of I - l i I  as  the t empera tu re  changed. Doubling of the indicated signals was observed in the 
spec t ra  of unsymmet r ica l  compounds of the pyrrol idine and hexahydroazepine se r ies  (Ia-c, IIIa-c) with 
carbonyl-containing groups at t empera tu res  close to room tempera ture ,  while initially coalescence  and 
then the appearance of a narrow singlet of the N - C H  3 group and a distinct t r iplet  of the 3-CH 2 group were  
observed  as the t empera tu re  rose�9 Doubling of the signals is also retained in the spec t ra  of Id, IId, and 
IIId, which do not contain CO groups,  at  considerably higher t empera tures ;  the coalescence  point for ena- 
mine lid is +149 ~ while coalescence  points were  not reached for  enamines Id and IIId on heating above 
150~149 In contras t  to Ia-c  and IIIa-c,  the corresponding changes in the fo rm of the signals for  piperidine 
enamines IIa-c were  observed at  considerably  lower t empera tu res :  tcoal  f rom - 1 2  to - 1 4  ~ in place of 
45-80 ~ for  Ia-c  and I I Ia-c  (Fig. 1). I somer iza t ion  for  symmet r i c a l  enamines Ie,f, He,f, and Ilie,f is 
rea l ized  par t icu la r ly  readily,  and the coalescence  points can be reached only for  pyrrolidine derivative Ie 
at  - 7 4  to - 9 0  ~ (according to the signal of the COOCH 3 group). The observed facts unambiguously indicate 
that revers ib le  t r ans fo rmat ion  A r B occurs  in solutions of I-Ill .  The presence  of a quite large set of sub- 
sti tuents and the possibil i ty of compar i son  of the chemical  shifts of the N - C H  3 and 3-CH 2 groups for  Ia-d, 
Ha-d, and IIIa-d with the corresponding values for  symmet r i ca l ly  substituted enamines Ie-g, IIe-g,  and 
l iIe-g make it possible to make a rel iable ass ignment  of each of the groups of signals to the A and B iso- 
m e r s .  Thus, the carbalkoxy groups of Ie,f, He,f, and IIIe,f a re  in the cisoid orientat ion relat ive to the 
N - C H  3 and 3-CH 2 groups�9 The CN groups in enamines Ig, lig, and Ilig a r e  in a s imi la r  situation�9 A com-  
par i son  of the spect ra  of these compounds shows that the N-CH3 group in dinitrile Ig is deshielded more  
apprec iab ly  (A6 0.6 ppm), while the 3-CH 2 f ragment  is somewhat more  shielded (A6--0.1 ppm) than in di-  
e s t e r s  Ie,f, apparent ly  because of the difference in the magnet ic -aniso t ropic  effect of these groups�9 This 
difference in the chemical  shifts of the cis  N - C H  3 group with respec t  to the CN or  COOR groups makes it 
possible to c lear ly  distinguish between i somers  A and B. Fo r  example, the chemical  shifts of the N-CI-I 3 
groups  of the i somers  of lb a re  3�9 and 2.8 ppm, i.e., the f i r s t  value is close to c i s -or ien ted  CN or N - C H  3, 
while the second value is close to c i s -o r ien ted  COOR and N - C H  3. Consequently, the f i r s t  signal at 3�9 
ppm cor responds  to the A i somer  (R=CN, R' =COOC2H5), and the signal at 2.80 ppm corresponds  to the B 
i somer  {R' =COOC2H ~, R=CN).  The ass ignments  of the geomet r ica l  i somers  of the other  enamines can be 
s imi la r ly  made�9 The analysis  is usually pe r fo rmed  in this way f rom the signals of the N--CH3 and 3-CH 2 
groups�9 The difference in the chemical  shifts of the 3-CH2 signals was not used in the ass ignment  of the 
i somers  of enamines Ia-f,  inasmuch as when the i somers  were  present  in sma l l e r  amounts,  it was not 
possible to re l iably isolate the signals of this f ragment .  The data f rom the PMR spect ra  a r e  presented in 
Tables  2-4.  In examining the spec t ra  of enamines Ic,d, IIc,d, and I I I c ,d  which contain a phenyl substituent, 
one ' s  at tention is drawn to the shift to strong field of the signals of the N - C H  3 and 3-CH 2 groups in the cis 
posit ion with respec t  to the phenyl substituent (for Ic, IIc, and IIIc, A6N_CH 3 ~ 0.62-0.76 ppm and A63_CH 2 ~ 
0 69-0 71 ppm; for  Id, lid, andIIId, A6 N C,J N 0.83-0,89 ppm, and A63_CH 2 ~ 0.34-0.89 ppm)�9 An exami-  
nation of Dreiding molecu la r  models shows that because of s ter ic  hindrance the benzene ring cannot be 
found in the plane of the C----C bond, and this is also responsible  for  the above-noted effects of shielding of 
c i s -o r ien ted  N - C H  3 and 3-CH 2 groups�9 
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T A B L E  2. Da ta  f r o m  the PMR Spec t r a  and Ac t iva t i on  P a r a m e t e r s  
f o r  Ro ta t ion  about  the  C = C  Bond in E n a m i n e s  I a - f  

O R 
o~ 

o 
L) 

R'  a 

la .CN CONH~ 

Ib I]CN COOC~Hs 

lc IC~H~ COOCH~ 

ld !CN t C~Hs 

Ie COOCH~ iCOOCH~ 

If ICOOC~H~ !COOC~H~ 
Ig ICN ICN 

3,44 
3,15 
3,47 
2,80 
3,03 
2,27 
3,30 
2,47 
3,29 
2,50 
2,83 

2,84 
3,44 

3,38 d 

3,2~ d 

3;8d 0,76 

2,65 0,83 
2,99 

d 0,79 

3,17 ~-- 

3,15 
3,06 

r 

! O 

, Z  

0,29 --56 
] 

067 1-505 

-56 

i+20 

! + 2 o  
r ~ei 
-96,~ i 
!-88 ] 
I+20 
1+20 

+71 I 7'5i 19,1 92,5 17,4 

98 +75 [ 2 19,7 17,0 
+8O 3,5 17,2 ~ ,5 19,5 

- -  44 

>+150 4~55 >21 
i 

-90 i 9,4 
-74 ] 10,2 

l 

So~e~ 

CDCI~ 

CDCIs 

CDC13 

CDCI~ 

DCON (CD3) 2 

CDCls 
CHzCI2 

(CD3) zCO 
CDCI3 
CDCI3 

aThe  p r e s e n t e d  o r i e n t a t i o n  of the subs t i t uen t s  p e r t a i n s  to  the 
m o r e  s t ab l e  i s o m e r .  
bThe  va lue s  g i v e n  a r e  f o r  20~ 
CThis is the t e m p e r a t u r e  fo r  which  the  c h e m i c a l  sh i f t s  of the  
N - C H  3 g roups  a r e  g iven.  
dThe s igna l s  of the  s econd  i s o m e r  a r e  m a r k e d  by  the o the r  
s igna l s .  
eThe  t e m p e r a t u r e  fo r  which  the c h e m i c a l  sh i f t s  of  the  COOCH 3 
g r o u p s  a r e  given-  6COOCH33.66  and 3.75 p p m  (CH2C12), ~COOCH3 
3.67 and 3.55 ppm (CD~COCD3). Doubling of the s igna l s  of the 
COOCH 3 g r o u p  was  not o b s e r v e d  in CD3OD at  ~ - 1 0 0 %  

TABLE 3. Data  f r o m  the PMR Spec t ra  and Ac t iva t ion  P a r a m e -  
t e r s  fo r  Ro ta t ion  about  the C = C  Bond in E n a m i n e s  I I a - e  

i 

~ ' ~ b  R ~ , a  

! CONH2 lla i CN 
i i I 

IIb COOC2HsGN 

11c Ph iCOOCH~ 
I 

Ild CN ]Ph 

' I 
lie d COOCH3 ICOOCH3 
IIg COOC2HsiCOOC2H~ 
IIf ]CN ICN 

2~  d ~  
i 

3,32 I 3,26 
3,(~ i 2,88 
3,42 3,25 
3,13 2,94 
3,01 2,29 
2,29 3,0 l 
3,36 2,3t 
2,47 3,20 
3,32 c 
2,46 
2,95 2,90 1 

i 

2,90 2,95 i 
3,45 9,76 l 

E 

0,24 i-70 -14 i 22 78 
I ' 55 0,29 !1-4.2 -14 45 
J 

f 64 

0,720,89 , ~ 0  - 12'5i- 36~36 

0,86 ii+20 +149 67 

I , 
/ t 
L t 

13,1 
13,7 
13,1 
.13,0 
12,9 
12,6 

20,6 
21,2 

I 

i 

Solvent 

CDCI3 

CDCIs 

CDCI~ 

CDC13 

DCON(CD3)~ 

CDCI3 
CDCi3 
CDCI3 

aSee the note  to T a b l e  2. 
bThe  t e m p e r a t u r e  f o r  which  the 6N_CH 3 and 6C3-CH 2 va lue s  a r e  
g iven .  
CThe C 3 - C H  2 s igna l s  a r e  m a s k e d  by o the r  s i gna l s .  
dD0ubling of the  s igna l s  of the  COOCH 3 g roup  a t  - 9 0  to - 1 0 0  ~ 
was  not o b s e r v e d  f o r  IIe in CH2C12, (CD3)2CO , and CD3OD so lu -  
t ions;  AG~= C < 9.9 k c a l / m o l e .  
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T A B L E  4. Da ta  f r o m  the PMR S p e c t r a  and A c t i v a t i o n  P a r a m e t e r s  
f o r  R o t a t i o n  abou t  the  C - - C  Bond in E n a m i n e s  I I I a - e  

Ilia CN CONHz 

Illb COOC~Hs CN 

llle Ph COOCHa 

3>39 
i 3,0S / 
3,39 
3,09 
&02 
2,40 I 
3,33t 
2,46 I 

Ph 3,31 
2,50 

COOCHa I 3 03 I 
I 

COOCiHsl 2,96 1 

2,90 
3,10 
2.95 
3,09 
2,34 
3,(L2 
__C 

2,88 
__C 

2,80 
2,76 

p 

0,31 -34 

0,30 -20 

0,62 -- 37 

0,87 +20 

0,81 +20 

I+20 
]+20 

I ~ . o l  

62 ' 
+45 38 16,0 l 

16,3 / 
I6,21 
16,0[ +45 

68  16,7 
+57 32  16,2 

20 
80 
16 

>+150 84 >21 

Solvent 

CDCIa 

CDCls 

CDCIs 

CDCt3 

DCON (CD3) z 

CDCla 
CDCla 

a - d s e e  the  foo tno t e s  to  T a b l e  3. 

+70 

~ ~- 20 

~ - 70 

c~ 6,o 5,5 ~, ppm 

F i g .  2.  Change  in the  
f o r m  of the  s i g n a l s  of 
the  NH 2 g r o u p  as  the  
t e m p e r a t u r e  c h a n g e s  
fo r  IIa .  

In a d d i t i o n  to the  a l r e a d y  i n d i c a t e d  c h a n g e s  in the  s p e c t r a  a s s o c i a t e d  wi th  
r o t a t i o n  abou t  the  C-----C bonds ,  in the  c a s e  of e n a m i n e s  In, IIa,  and  HIa i s o m e r i -  
z a t i o n  a s s o c i a t e d  w i th  r o t a t i o n  about  the  a m i d e  C - N  bond  can  a l s o  be  o b s e r v e d :  

O 0 

' ' ' - -  % . . L ~ . c N  ~--- ~ N  ~ / < ~ . - C \ N / "  - -  \ j % / c .  
%~/..~/c...~in - ~" "( n ~ - -  I I ~ n 2 L.3 .', < .36c . .< .  & <N ., c . , . . % /  

- O \ H  I 

A B C D 

F o r  e n a m i n e s  Ha and IIIa,  a l l  f o u r  i s o m e r i c  f o r m s  (A-D) (see  F i g .  2) a r e  
( o b s e r v e d  a c c o r d i n g  to the  NH 2 s i g n a l s )  in the  s p e c t r a  at  < - 4 0  ~ It  fo l lows  f r o m  
T a b l e s  2 -4  tha t  the  r e l a t i v e  s t a b i l i t i e s  of  the  i s o m e r i c  f o r m s  d e p e n d  s u b s t a n t i a l l y  
bo th  on the s u b s t i t u e n t s  and on the s i z e  of  the n i t r o g e n  h e t e r o r i n g ,  and the s i x -  and 

s e v e n - m e m b e r e d  e n a m i n e s  d i f f e r  m a r k e d l y  in th i s  r e s p e c t  f r o m  the f i v e - m e m b e r e d  e n a m i n e s .  F o r  e x a m p l e ,  
wh i l e  the  r a t i o  of  i s o m e r s  wi th  c i s -  and t r a n s - o r i e n t e d  N - C H ~  and CN g r o u p s  i s  9 8 : 2  fo r  In, t h e s e  
r a t i o s  a r e  4 5 : 5 5  and 5 5 : 4 5  fo r  e n a m i n e s  I Ia  and I I Ia ,  r e s p e c t i v e l y .  The  r e a s o n s  tha t  m a k e  i t  p o s -  
s i b l e  to  induce  such  l a r g e  d i f f e r e n c e s  in the  e n e r g i e s  of the  i s o m e r s  of  the  f i v e - m e m b e r e d  e n a m i n e s  
a r e  not  c o m p l e t e l y  c l e a r .  An e x a m i n a t i o n  of  the  m o l e c u l a r  m o d e l s  m a k e s  i t  p o s s i b l e  to a s s u m e  tha t  
s t e r i c  f a c t o r s ,  which c o n s i s t ,  for  e x a m p l e ,  in i n t e r a c t i o n  b e t w e e n  the e l e c t r o n  p a i r  of  the  N a t o m  and 
the  lr (o r  p) e l e c t r o n s  o f  the  s u b s t i t u e n t s ,  m a y  p l a y  an i m p o r t a n t  r o l e  in  t h e s e  d i f f e r e n c e s .  

On the  b a s i s  of the  s p e c t r a l  d a t a  o b t a i n e d  in t h i s  s tudy  we c a l c u l a t e d  the  r a t e  c o n s t a n t s  (k) fo r  c i s -  
t r a n s  c o n v e r s i o n  a t  the  c o a l e s c e n c e  t e m p e r a t u r e s .  The  k = 1/2 T v a l u e s  f o r  equa l  popu la t i ons  w e r e  c a l -  
c u l a t e d  f r o m  the  G u t o w s k y - H o l m  equa t ion  [5] 

A v ~  
1/2~:= -r 

w h e r e  Av is  the  m a x i m u m  d i f f e r e n c e  in the  c h e m i c a l  sh i f t s  (in Hz) of the  CH 3 g r o u p s  in the  COOCH 3 s u b -  
s t i t u e n t s  f o r  Ie and  the  p r o t o n s  of t he  NH 2 g r o u p s  f o r  Id, IId, and  IIId.  The  k ine t i c  p a r a m e t e r s  f o r  d i f f e r -  
en t  p o p u l a t i o n s  of t he  i s o m e r s  w e r e  c a l c u l a t e d  f r o m  the  equa t ions  [3] 

6mr 2 \3 
~-C~3Z-- ) =(AP)262,~ 2, 

1 1 + 1 .DA FiB 
T TA T B TA T B 

w h e r e  6 = Av �9 21r, p = PA - PB (where  P A  and  PB a r e  the  f r a c t i o n s  of  e a c h  of the  i s o m e r s  in the  m i x t u r e ,  
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T A B L E  5. Da t a  f r o m  the  PMR S p e c t r a  and  A c t i v a t i o n  P a r a m e -  
t e r s  f o r  R o t a t i o n  about  the  C - N  Bond in E n a m i n e s  I a - I I I a  

Com- 
pound ~,,2 a ppm 

la 6,02 
5,55 

6,59 
l [ a 5,79 

6,40 
5,99 

6,31 
Ilia 5,95 

6,48 
5,96 

:Isomer content, i ~ b *C AG~-N' 
% I t. tcoal , keal/mole 

mc 

78 

22 

62 

38 

-34 

-70 

-44 

-4 

--31 

--58 

-24 

--40 

13,2 

ll,6 

10,5 

I2,3 

ll,3 

a T h e  s o l v e n t  w a s  CdCI 3. 
bThe temperature for which the 6NH 2 values are given. 
eThe isomer with trans-oriented CONH 2 and NCH 3 groups 
predominates. 

w h i c h  w e r e  d e t e r m i n e d  by  i n t e g r a t i o n  of the c o r r e s p o n d i n g  s i g n a l s ) ,  and r A and T B a r e  the  l i f e t i m e s  of the  
i s o m e r s .  The  r a t e  c o n s t a n t s  in th i s  c a s e  a r e  k A = 1 / T  A and k B = 1/~- B. The  f r e e  e n e r g i e s  of a c t i v a t i o n  
of i s o m e r i z a t i o n  w e r e  c a l c u l a t e d  f r o m  the  E y r i n g  equat ion ,  and the  t r a n s m i s s i o n  c o e f f i c i e n t  was  a s s u m e d  
to be one.  The  r e s u l t s  of the  c a l c u l a t i o n s  p e r t a i n i n g  to r o t a t i o n  about  the  C = C  bond a r e  p r e s e n t e d  in 
T a b l e s  2 - 4  (AG~=c) ,  w h i l e  t h o s e  p e r t a i n i n g  to  r o t a t i o n  about  the  C - N  bond a r e  p r e s e n t e d  in T a b l e  5 

(AG~_N).  

The difference in the AG~_ N ~  values for rotation about the C-N bond (amide rotation) as a function of 

the ring size is apparently due to the differences in the energies of the ground states to a greater degree 

than in the case of rotation about the C----~C bond. Inasmuch as the conditions for the conjugation of the p 
electrons of the enamine nitrogen atom are most favorable in the six-memberedrings and least favorable 

in the five-membered rings [6], one should have expected a decrease in the free energy of rotation about 
the C-N bond in the order I > Ill > If. In fact, the contribution to the resonance hybrid of structure E low- 

ers the double-bond character of the amide C-N bond and promotes a decrease in the barrier to rotation 

about this bond. 

O O 

CH 3 CH 3 

a,C E 

A s  s e e n  f r o m  T a b l e  5, the  a s s u m p t i o n s  e x p r e s s e d  a b o v e  a r e  in good  a g r e e m e n t  wi th  the  e x p e r i m e n t a l  da ta .  
The  f r e e  e n e r g y  of a c t i v a t i o n  fo r  r o t a t i o n  abou t  the  C -  N bond (AG~_N) f o r  the  f i v e - m e m b e r e d  r i n g  (Ia) is  
a m a x i m u m  va lue  and d i f f e r s  f r o m  the  v a l u e s  f o r  s i x -  and  s e v e n - m e m b e r e d  e a a m i n e s  IIa and  I l ia  by  1.60 
and 0.90 k c a l / m o l e ,  r e s p e c t i v e l y . *  

The  d i f f e r e n c e  in the  AG~=  C v a l u e s  (Tab les  2-4)  fo r  e i s - t r a n s  i s o m e r i z a t i o n  on p a s s i n g  f r o m  e n a -  
m i n e  Ia to IIa and IIIa  is  5.4 an~ 2.8  k c a l / m o l e ,  r e s p e c t i v e l y .  Shvo and c o - w o r k e r s  [2, 3], in a s t u d y  of a 
n u m b e r  of noncyc l i c  e n a m i n e s  wi th  COOR and  CN g r o u p s  and  s e v e r a l  e n a m i n e s  of the  p y r r o l i d i n e  s e r i e s ,  
e x p r e s s e d  the  a s s u m p t i o n  tha t  the  m a i n  f a c t o r  tha t  d e t e r m i n e s  the  r a t e  of i s o m e r i z a t i o n  is the  e n e r g y  of 
the  t r a n s i t i o n  s t a t e  r a t h e r  t han  the e n e r g y  of the  g r o u n d  s t a t e .  F r o m  o u r  da ta  on the  d i f f e r e n c e s  in the  
f r e e  e n e r g y  of a c t i v a t i o n ,  AG~=  C and  AG~_N,  i t  c an  be  c o n c l u d e d  tha t  a l though  the  e f fec t  of  the  e n e r g y  of 
the  a c t i v a t e d  c o m p l e x  is m o r e  s u b s t a n t i a l ,  the  d i f f e r e n c e s  in the  e n e r g i e s  of the  g r o u n d  s t a t e s  a r e  not  so  
s m a l l  t ha t  t hey  can  be  d i s r e g a r d e d .  

In [2, 3] it  w a s  e s t a b l i s h e d  tha t  r e p l a c e m e n t  of the  COOR g r o u p  by  a n i t r i l e  g r o u p  fo r  noneyc l i e  e n a -  
m i n e s  and  s o m e  e n a m i n e s  of the  p y r r o l i d i n e  s e r i e s  l e a d s  to a s u b s t a n t i a l  i n c r e a s e  in the  f r e e  e n e r g y  of 
a c t i v a t i o n  f o r  i s o m e r i z a t i o n  a t  the  C----C bond.  It hence  fo l lows  t ha t  the  e f fec t  of s u b s t i t u e n t s  on  the  k ine t i c  
p a r a m e t e r s  of the  i s o m e r i z a t i o n  shou ld  fo l low the  t r e n d  of the  ~R c o n s t a n t s  r a t h e r  than  t ha t  of  the  cr con-  

* The  c a l c u l a t i o n  was  m a d e  fo r  the  i s o m e r s  p r e s e n t  in l a r g e r  a m o u n t s .  
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s tants  [3]. Inasmuch as the CN group is cons iderab ly  m o r e  inclined to delocal izat ion of e lec t rons  than the 
COOR group [7] (~R 0.08 and 0.24, respec t ive ly) ,  it might  be a s s u m e d  that r e p l a c e m e n t  of a cyano group  by 
a ca rba lkoxy  group would lead to a d e c r e a s e  in the energy  of the ac t iva ted  complex  and, consequently,  to a 
d e c r e a s e  in AGc_c.~ Our r e su l t s  a re  in a g r e e m e n t  with these  d a t a  and make  it poss ib le  to a r r an g e  the 

subst i tuents  (in the o r d e r  of inc reas ing  AGc__c) in the following o rde r :  COOR ~ CONH 2 < CN ~ C6I-I5. 

F r o m  the above it is unders tandable  why enamines  Id, IId, and IIId can be i somer i zed  only a t  high 
t e m p e r a t u r e s  and why in te rconvers ion  of enamines  Ie,f,  IIe,f,  and IIe,f  is inhibited only at  t e m p e r a t u r e s  
-< - 90 ~ In the f i r s t  case  the delocal izat ion of the anionic cen te r  in the t rans i t ion  s tate  is not v e r y  effect ive 
(low ~R-SUbStituent constants) ,  and this is r e spons ib le  for  the high energy  of the ac t iva ted  complex and, 
consequently,  the high ac t iva t ion  b a r r i e r .  In the second case ,  the p r e sence  of two COOR groups,  which de-  
local ize  the negat ive charge ,  leads to a dec r ea se  in the ene rgy  of the t rans i t ion  s ta te  and, consequently,  to 
a low AG~= C Value (---10 k c a l / m o l e ) .  The height of the ac t iva t ion  b a r r i e r  is de te rmined  both by the effect  
of the subst i tuents  and by the s ize  of the ni t rogen he teror ing ,  and the f r ee  energ ies  of ac t iva t ion  dec r ea se  
in the o rde r  ]I < I I I<  I. As a l r eady  noted above,  an examinat ion of the ground s ta tes  of the molecu les  shows 
that  the o r d e r  of the C = C  bond d e c r e a s e s  in p r e c i s e l y  this o rde r .  In the t rans i t ion  state,  a posi t ive charge  
a r i s e s  on the a - c a r b o n  a tom,  while a negat ive charge  develops on the f l -ca rbon  a tom,* and s tabi l iza t ion of 
the ea rbonium ion is r ea l i zed  through the unshared  e lec t ron  pa i r  of the enamine ni t rogen a tom (s t ructure  F). 
Inasmuch as  local izat ion of the posi t ive  charge  on the ni t rogen a tom is m o r e  advantageous f r o m  an energy  
point of view than local izat ion on the carbon a tom,  the g r e a t e r  degree  of in teract ion of this pa i r  with the 
vacant  o rb i ta l  s tab i l i zes  the ac t iva ted  complex.  

R R 

In addition, the contr ibut ion of s t r u c t u r e  F to the r e sonance  hybrid  should be de te rmined  by the degree  of 
s t r a ined  c h a r a c t e r  of a s y s t e m  with an endocyclic double bond, and it is t h e r e f o r e  useful  to compa re  this 
p a r a m e t e r  in the cycloolefin.  The s t r a ined  c h a r a c t e r  changes f r o m  2.3 to 0 and 0.7 k c a l / m o l e  on pass ing  
f r o m  cyclopentene to cyclohexene and then to cyclopentene,  r e s p e c t i v e l y  [8]. While the introduction of a 
n i t rogen a tom into the r ing does not change the p ic ture  quali tat ively,  in our  case  the s tabi l izat ion of the 
t r ans i t ion  s ta te  due to contr ibut ion of s t r u c t u r e  F will  change in the o r d e r  II > HI > I; this  co r r e sponds  to 
the data p resen ted  above.  One should a l so  note that in a d i scuss ion  of the bas ic i t i e s  of l ac t ams  of di f ferent  
r ing s i zes  Huisgen [6] pointed out that  the p r e s e n c e  of sp2-hybridized a toms  in the 1- and 2-pos i t ions  of the 
r ing is m o s t  f avorab le  fo r  Valero lac tam,  inasmuch as  the angle f o rmed  by the t r igona l  a tom re ta ins  its 
n o r m a l  value (120 ~ only in the case  of a s i x - m e m b e r e d  r ing.  

E X P E R I M E N T A L  

The spec t r a  of 10-20% solutions of the compounds were  r eco rded  with a JNM-4H-100 s p e c t r o m e t e r  
with t e t r ame thy l s i l ane  as  the internal  s tandard .  The a c c u r a c y  in the de te rmina t ion  of the coa lescence  t e m -  
p e r a t u r e s  was • ~ the a c c u r a c y  in the m e a s u r e m e n t  of the chemica l  shif ts  was ~1 Hz, and the a c c u r s c y  
in the de te rmina t ion  of the d i f fe rences  in the chemica l  shif ts  was �9 0.1 Hz. Compounds In-c ,  I Ie-g ,  IIe,  and 
IIIe were  synthes ized  by the method in [9, 10]. 
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