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Amino de r iva t ives  of 2 - ace ty l cyc lohexane - l , 3 -d iones ,  which a r e  a sc r ibed  the s t r u c t u r e s  (I) and (I1), 
have r ecen t ly  been  a t t rac t ing  at tention as in te res t ing  polyfunctional compounds, invested with r i ch  syn-  
thet ic  poss ib i l i t ies .  In addition, they a r e  in te res t ing  f r o m  the theore t ica l  standpoint,  as vinylog amides ,  
containing a supp lemen ta ry  keto function, which expands the chain ofp-Tr-conjugat ion.  The indicated en-  
aminodiketones  can s e rve  as  objects  for  the c lar i f ica t ion  of a number  of questions of t a u t o m e r i s m .  Some 
of the quest ions have been cons idered  for  ce r ta in  enaminodiketones of the s e r i e s  (I) desc r ibed  in the l i t e r a -  
tu re  [2, 3]. However ,  up to this t ime  the re  has  been no s y s t e m a t i c  invest igat ion of subs tances  of this type,  
in view of the i r  poor  access ib i l i ty ,  e spec ia l ly  vinylog amides  of the s e r i e s  (II). Recent ly  we developed a 
s imp le  and e x t r e m e l y  effect ive method of producing these  compounds,  
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pe rmi t t i ng  the inser t ion  of p rac t i ca l ly  any amino function into the C3-position of the cyclohexane molecule  
[4, 5]. The poss ib i l i ty  of the exis tence  of such enaminodiketones  in one or s eve ra l  t au tomer ic  f o r m s  or an 
equi l ibr ium mix tu re  of them [Eq. (1)] p rompted  us to inves t iga te  these  compounds by the NMR method 
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D I S C U S S I O N  O F  R E S U L T S  

It is  quite evident that  the theore t ica l ly  poss ib le  t au tomer ic  equi l ibr ium desc r ibed  by Eq. (1) should 
be expected  only for  p r i m a r y  (II; R 1 = R 2 = H) and secondary  (H; R 1 = H) vinylog amides .  In full ag reemen t  
with the s t r u c t u r e  under  considerat ion,  s ignals  a r e  obse rved  in the PMR spec t r a  of the t e r t i a r y  enamino-  
diketones that  we obtained (II; R 1, R 2 # H), co r responding  to the protons  of all  the s t ruc tu ra l  f r agmen t s  
of these  molecu les  in the expected regions ,  and the s ignals  of olefin protons  a r e  absent.  

The spec t r a  of p r i m a r y  and seconda ry  enaminodiketones (II) a r e  cha rac t e r i zed  by the p r e sence  of at 
l e a s t  one s ignal  in a r a t h e r  weak  field,  5 ~ 11-14 ppm (Table 1), which s e r v e d  as  the bas i s  for  concluding 

* F o r  a p r e l i m i n a r y  communicat ion ,  see  [1]. 
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T A B L E  1. P a r a m e t e r s  of the NMR Spec t r a  of Enaminodike tones  (IIa) 
at R o o m  T e m p e r a t u r e  
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that  a def ini te  t a u t o m e r i c  f o r m  exis ts .  As has a l r e ady  been  noted, the method  that  we found fo r  syn the -  
s i z ing  a v a r i e t y  of e n a m i n e s  (I1) p e r m i t t e d  an inves t iga t ion  of the compounds  conta in ing va r ious  amino  
groups ,  inc luding those  with the N 15 isotope,  which  subs tan t i a l ly  fac i l i t a ted  the solut ion of the p r o b l e m  
posed.  As it fo l lows f r o m  Tab le  1, which p r e s e n t s  data  f o r  p r i m a r y  and s e c o n d a r y  enaminoke tones  (II), 
the s igna l s  f r o m  the H i p ro ton  a r e  s i tua ted  in the reg ion  of 5 10.30-14.05 ppm; this ind ica tes  the ex i s tence  

I 
of a r a t h e r  s t r o n g  che la te  type  hydrogen  b o n d - O H 1 . . .  O = C 4 ,  - O H 1 . . .  N = or  > N H i . . .  O = C ~ .  

The  r e s u l t s  obta ined a r e  ev idence  that  al l  the s u b s t a n c e s  s tudied a r e  c h a r a c t e r i z e d  by the l a s t  ,of the bond 
types  cited,  in o the r  words ,  the compounds  ex is t  p r i m a r i l y  in the f o r m  (IIA). We a r r i v e d  at this  conc lus ion  
on the bas i s  of the fo l lowing e x p e r i m e n t a l  data.  

1. In the s p e c t r a  of enaminod ike tones ,  the n i t rogen  a t o m  of which is bonded d i r e c t l y  to a me thy lene  
o r  me thy l  g r o u p  (see Tab le  1, compounds  3 - 5  and F igs .  1 and 2), the s ignals  of the c o r r e s p o n d i n g  pro tons  
r e p r e s e n t  a doublet  with s p i n - s p i n  i n t e r a c t i on  cons tan t  JCH2,H 1 o r  JCH3,Hi , 4 .5 -6 .0  Hz; the s ignal  f r o m  
H 1 is  no t i ceab ly  b roadened ,  to 10-16  Hz. The  p r e s e n c e  of s p i n - s p i n  coupl ing between the  ind ica ted  p ro tons  
was  d e m o n s t r a t e d  by the method  of double p r o t o n - p r o t o n  r e s o n a n c e .  As a r e s u l t  of i r r a d i a t i o n  with a s u p -  
p l e m e n t a r y  f ie ld  of the s ignal  f r o m  the H ~ progon ,  "uncoupl ing"  of the s ignals  f r o m  the p ro tons  of the 
me thy l ene  and methy l  g roups  at the n i t rogen  a t o m  is o b s e r v e d ;  the doublets  c o r r e s p o n d i n g  to t he se  p ro tons  
a r e  c o n v e r t e d  to s ingle ts .  

2. Fo r  o the r  s e c o n d a r y  compounds ,  fo r  example ,  an i l ides ,  as  well  as  p r i m a r y  enaminoke tones  (II), 
in the s p e c t r a  of which the  s igna l s  of N--H a r e  app rec i ab ly  b roadened ,  the loca l i za t ion  of the H 1 pro ton  at 
the  n i t rogen  a t o m  was  d e m o n s t r a t e d  by r e p l a c e m e n t  of  the i so tope  N i4 by N 15 (compounds  1, 2, 11, 12 and 
F igs .  3 and 4). Such r e p l a c e m e n t  leads  to the a p p e a r a n c e  of the cons tan t  JNI~,H 1 ~ 85-89 Hz in the NMR 
s p e c t r u m ,  r a t h e r  l a r g e  if we c o n s i d e r  that  the i r  o b s e r v a b l e  m a x i m u m  values  a r e  92-93 Hz [6]. 

T h e s e  data,  in  conjunct ion  with the r e s u l t s  of a m e a s u r e m e n t  of the r e l a t i v e  i n t eg ra l  in tens i t i es  of 
the  s ignals  of H 1, p e r m i t  us  to cons ide r  that  in the enaminod ike tones  (II) d i s c u s s e d  above,  t h e r e  is  p r a c -  
t i ca l ly  no con t r ibu t ion  of the t a u t o m e r i c  s t r u c t u r e  (IIb). An ana logous  phenomenon was  o b s e r v e d  e a r l i e r  
fo r  the  ani l ide  (I; R 1 = H; R 2 = C6H5; R 3 =R 4 = CH3) , a l though in o ther  c a se s ,  depending on the na tu re  of 
the  subs t i tuen ts ,  v iny log  a m i d e s  can ex is t  in the f o r m  of an equ i l ib r ium mix tu r e  of  t a u t o m e r s  [3]. As for  
the r e m a i n i n g  f ive s e c o n d a r y  enaminod ike tones  ci ted in Tab le  1, they should a l so  be a s c r i b e d  the s t r u c t u r e  
(IIA), s ince  this a g r e e s  with the o b s e r v e d  pos i t ion  and shape  of the s ignal  of H 1. It should be ment ioned  
h e r e  that  in enaminod ike tones  (IIA), the  chemica l  shif t  of H 1 depends subs tan t i a l ly  on the na tu re  of the 
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Fig. 1. PMR spec t rum of 2 -ace ty l -5 ,5 -d ime thy l -3 -N-benzy lamino-  
2 -cyc lohexene - l -one  ~IIA; R 2 = CH2C6Hs; R 3 = R 4 = CH3). 

>NCH 

CHCI~ L 
,7 ) s s 

.,0 
- C ..0H3 

i 
6, ppm 

Fig. 2. PMR signal of 2 - ace ty l -3 -N-me thy lamino -2 -cyc lohex -  
er ie- l -one  (IIA; R 2 = CH3; R 3 = R 4 = H). 

substituents R 2 at the nitrogen atom, increas ing  (see Table 1) in the ser ies :  H < CH2C6H 5 < CH 3 < o-C6H 4 
�9 NH 2 < COCH 3 < N(C6Hs) 2 < o-CGH4CH 3 _< C6H 5. An analogous sequence, which in a f i rs t  approximation can 
probably be cor re la ted  with the inductive effect of the substituent, was noted recent ly  for mercaptoa ld i -  
mines of the thiophene and furan se r i e s  [7]. 

F r o m  Table 1 it is evident that 5H1 is pract ica l ly  independent of the nature of the solvent. Thus, in 
the case of the imine and anilide (compounds 2, 11) the replacement  of CDC13 by dimethyl sulfoxide (DMSO) 
leads to an increase  in 6Hl by an average  of ~0.25 ppm. 

The broadening of the signal of H i noted above is due either to s p i n - s p i n  interact ion or to quadrupole 
relaxation of N 14 nuclei. Broadening of the lines is r emoved  by replacing N 14 by N 15, or  by i r radia t ing the 
N 14 nuclei with the resonance  frequency ~4.333 MHz (see Fig. 2). 

In the spec t ra  of p r ima ry  enaminodiketones (compounds 1 and 2), the two protons bonded to the ni-  
t rogen atom a re  charac te r i zed  by different chemical  shifts, and the signal f rom H i is situated an average  
of ~3.5 ppm in the weaker  field direction. Such a shift is  still another evidence in support of the existence 
of an in t ramolecular  hydrogen bond, leading to the format ion of a s t rong chelated ring. Interest ing in this 
r espec t  is the fact  that the s p i n - s p i n  interact ion constant JN15,H 1 in the compounds under considerat ion is 
3-5 Hz lower than the constant JN15H . Just  as we should have expected, the signs of these constants proved 
to be the same,  which  was established by the use of select ive double resonance  for the N15-imine (com- 
pound 2). In the case of i r radia t ion of the weak field doublet in the quartet  of the H i proton, uncoupling 
of the weak field doublet in the quadruplet f rom H is also observed. 

For  a number  of enaminodiketones (II) studied, it was shown that the nature of the spect ra  var ies  sub- 
stantially with the tempera ture .  For  example, heating solutions of N15-imines (compounds i and 2) in 
CDC13 and benzonitr i le  leads to broadening of the signal f rom H 1 and its fusion with the zero line at only 
80 ~ It should be mentioned that the value of 5H1 remains  a lmost  unchanged in this case�9 A s imi lar  phenom- 
enon was observed ear l ie r  for mercaptoaldimines  [7]. By analogy, the resul t  obtained here  can evidently 
be explained by the appearance of another tautomer,  in this case (IIB), and by the establ ishment  of equi- 
l ibr ium between it and the tautomer  (IIA). When N15-anilides (compounds 11, 12) are  heated in benzonitr i le  
to 190 ~ the width of the signals f rom H 1 and the constants JN15,H1 remain  a lmost  constant, but a shift of the 
signal of H i by ~0.6 ppm is observed.  These data once again are  evidence of substantial  s t rength of the 
hydrogen bond in the chelated r ing of enaminodiketones (IIA), also conf i rmed by the data of other physico-  
chemical  methods [5]. 
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Is h i PIV[R spectrum of 2-acetyl-5,5-dimethyl-3-N -p enylam'no- 

2-cyclohexene-l-one (IIA; R 2 = C6H5; R 3 = R 4 = CH3). 

EXPERIMENTAL METHOD 

The spectra of solutions of the enamines (If) were obtained on RS-60 [8] and "Varian DA-60" spec- 
trometers with a working frequency of 60 MHz. Hexamethyldisiloxane was used as the internal standard; 
the chemical shifts are cited in parts per million (ppm) relative to tetramethylsilane (5 = 0). 

The synthesis of enaminodiketones (IIA) was published in our earlier works [4, 5]. To identify the 
substances described below we used thin-layer chromatography on an unfixed layer of Al203 (activity If). 

3-NILAmino-2-acetyl-2-cyclohexene-l-one (IIA; R 2 = R 3 = R 4 = H): A solution of 340 mg 3-methoxy- 
2-acetyl-2-cyclohexene-l-one [9] in 80 ml of 0.03 M NISH3 in C6H 6 was left at room temperature for 1 h, 
then concentrated, and the precipitate formed crystallized from benzene. We obtained 230 mg (90%) of the 
N~Limine in the form of needles with mp 136-137 ~ (subl.), giving no depression of the melting point in a 
mixed sample with the corresponding Nt4-imine and chromatographically identical with it. 

3-NILAmino-2-acetyl-5,5-dimethyl-2-cyclohexene-l-one (I!A; R 2 = H; R~L_ = R 4 = Me). Produced 
analogously with a yield of 88% from 2-acetyl-5,5-dimethyl-3-methoxy-2-cyclohexene-l-one [9] in the form 
of needles with mp 162-163 ~ (from benzene) ; gives no depression of the melting point in a mixed sample 
with the corresponding Nl4-imine and identical with it chromatographically. 

2-Acetyl-3-NiLphenylamino-2-cyelohexene-l-one (IIA; R 2 = Ph; R~_-- R 4 = H). A solution of 310 mg 
3-methoxy-2-acetyl-2-cyclohexene-l-one [9] and 165 mg lqT~--~ii-ne in I0 ml of benzene was left at room 
temperature for 1 h, then concentrated, and hexane added. We obtained 380 mg (92%) of the NiS-anilide in 
the form of needles with mp 115-116 ~ giving no depression of the melting point in a mixed Sample with 
the corresponding Ni4-anilide and identical with it chromatographically. 
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2-Ace ty l -5 ,5 -d ime thy l -3 -N15-pheny lamino -2 -cyc lohexene - l -onc  (IIA; R 2 = Ph; R 3 = R 4 = Me). P r o d -  
uced analogously  with a yield of 86~ f r o m  2 - a c e t y l - 5 , 5 - d i m e t h y l - 3 - m e t h o x y - 2 - c y c l o h e x e n e - l - o n e  [9] in the 
f o r m  of needles  with mp 135-136 ~ (subl.) ( f rom a b e n z e n e - h e x a n e  mixture) ;  gives no depress ion  of the 
mel t ing  point in a mixed sample  with the cor responding  N14-anilide and identical  with i t  ch roma tog rap h i -  
cally. 

CONCLUSIONS 

i. According to the data of the NMR spectra, primary and secondary 3-amino-2-acetyl-2-cyclo- 
hexene-l-ones exist primarily in a tautomeric form, including a strong intramolecular hydrogen bond. 

2. The chemical shifts of the proton of NH in the chelated ring depend substantially on the nature 
of the substituent at the nitrogen atom and depend little on the nature of the solvent. 

3. In primary enaminodiketones, the chemical shifts of the two NH protons differ by ~3.5 ppm, while 
the spin-spin interaction constants JNI5H differ by 3-5 Hz, and possess the same sign. 
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