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It  was es tab l i shed  that  d o n o r - a c c e p t o r  complexes  a re  fo rmed  in the reac t ion  of some  conju- 
gated enamines  with anhydrides  of unsa tura ted  dicarboxyl ic  acids; in all  l ikelihood, this con- 
s t i tutes  evidence in favor  of a scheme  that  includes nucleophilic addition of the enamine to the 
double bond. Addition of this type with subsequent  i n t r amo lecu l a r  cycl izat ion leads to the 
fo rmat ion  of A2-pyr ro l in -5-ones .  In the case  of c i t raconic  anhydride it  is  shown (on the bas i s  
of data f r o m  the PMR and m a s s  spectra)  that nucleophilic a t tack is d i rec ted  to the unsubsti tuted 
carbon a tom of the ethylene bond. 

We have p rev ious ly  shown that  A 2 -pyr ro l in -5 -one  der iva t ives  a re  fo rmed  in the reac t ion  of enamines  
with var ious  s t r u c t u r e s  with ma le ic  or  c i t raconic  anhydrides  in the absence  of a solvent (for example ,  see  [1]). 
A scheme  that includes the fo rmat ion  of an in te rmedia te  C-alkyla ted  enamine and i ts  i n t r amolecu l a r  cycl iza-  
tion has been p roposed  for  the reac t ion  [1, 2]. 
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In 1970 Robson and Markus [3] conf i rmed the fo rmat ion  of a A 2 -pyr ro l in -5 -one  der iva t ive  in the  case  
of the reac t ion  of ma le ic  anhydride with N-methy laminocro ton ic  e s t e r  (in e the r  at room t empera tu re ) .  

In 1974 Szilagyi and Wamhoff [4] c a r r i e d  out the react ion  of f l -aminocrotonic  e s t e r  with ma le i c  anhydride 
in t e t r ahydro fu ran  (THF) with i l lumination with UV light and showed that  despi te  the i r  expecta t ions ,  photo- 
cycloaddition does not occur ,  but 2 - m e t h y l - 3 - c a r b e t h o x y - 4 - c a r b o x y m e t h y l - A 2 - p y r r o l i n - 5 - o n e  is fo rmed .  The 
scheme  proposed  by the authors  included N-acyla t ion of the enamine as the f i r s t  s tep.  However ,  this pathway 
s e e m s  less  l ikely to us,  s ince one mus t  take into account the fact  that the t - c a r b o n  a tom in N-acy lenamines ,  in 
con t ras t  to the enamines  t hemse lves ,  is  less  r eac t ive  [4], and this should undoubtedly hinder  cyclizat ion.  

According to the scheme p roposed  by us [l] and Robson and Markus [3], the reac t ion  includes nucleo-  
phil ic addition of the enamine to the double bond of ma le ic  amhydride (i .e. ,  C-alkylat ion of the enamine)~ 

According to the l i t e r a tu r e  data,  the fo rmat ion  of donor - - accep to r  complexes  p r ecedes  nueleophil ic 
addition to the double bond of e lec t rophi l ic  olef ins,  including male ic  anhydride (for example ,  see  [6, 7]). 

We were  able to es tab l i sh  that  a yellow colorat ion,  which vanishes  rapidly,  is obse rved  in the reac t ion  
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TABLE i. UV Spectroscopic  Data 

Enarnine 

CH3C (NH~) =CHCOOC2H5 
CH3C (NHCH~) =CHCOOC2H5 
CH3C (NHCH2C6Hs) =CHCOOC2H5 
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Fig. 1. UV spec t r a  of N-methy laminocro ton ic  e s t e r  (1), ma le ic  
anhydride (2), and 1 ,2 -d ime thy l -3 -ca rbe thoxy-A2-py r ro l i n -5 -on -4  - 
y lace t ic  acid (3)~ 

Fig. 2. UV s pec t r a  of donor - -aecep to r  complexes  fo rmed  f r o m  
N-methy laminocro ton ic  (1), N-benzylaminocrotonic  (2), and amino-  
crotonic  (3) e s t e r s  with ma le ic  anhydride~ 

of accep to r  conjugated enamines  with ma le i c  and c i t raconic  anhydrides in chloroform.  The format ion  of 
d o n o r - a c c e p t o r  complexs ,  which is obse rved  visual ly ,  is conf i rmed by UV spec t roscop ic  data. Thus an 
absorpt ion  band with k m a x 3 1 5  nm,  which is absent  in the s p e c t r a  of the s ta r t ing  and final compounds (Figs.  
i and 2), was obse rved  in the spec t rum of a mix tu re  p r e p a r e d  di rec t ly  in the cuvette and consis t ing of dif- 
f e ren t  volumes  of a 10 -1 M solution of the anhydride and a 10 -3 M solution of N-methy laminocro ton ic  e s t e r .  
This  band was ass igned to the resul t ing r n - T r  complex [7]. We obse rved  the fo rmat ion  of r n - ~  complexes  in 
the reac t ion  of var ious  enamines  with ma le ic  and c i t raeonic  anhydrides .  

Our data may  consi tute evidence in favor  of a scheme  that includes nucleophilic addition of the enamines  
to the double bond of the anhydrides  of unsa tura ted  dicarboxyl ic  ac ids ,  s ince it is known that  the f i r s t  and 
f a s t e s t  step in the nucleophilic addition is the fo rmat ion  of d o n o r - a c c e p t o r  complexes  [6]. 
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The data f r o m  a m a s s  s pec t r a l  ana lys is  and the PMR spec t r a  made  it poss ib le  to solve the p rob lem of 
the or ienta t ion of the nucleophil ic a t tack  of enamines  on c i t raconic  anhydride.  One can imagine  the fo rmat ion  
of a l te rna t ive  s t ruc tu r e s  I and II. However ,  an (M-- CH2CH 3) f r agmen t  ion with m / e  152 is obse rved  in the 
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mass spectrum, along with the molecular ion at m/e  181", of the compound obtained by condensation of acetyl- 
acetone (N-methyl)enamine with eitraconic anhydride. Fragmentation of this type provides evidence in favor 
of s tructure I. 

Thus, probably because of the predominance of steric factors,  nucleophilic attack in the case of ci t rac-  
onic anhydride is directed to the unsubstituted carbon atom of the ethylene bond, although according to the 
electronic factors ,  the intermediately formed carbanion A should be more stable, and addition of the enamine 
should consequently have taken place at the substituted atom of the ethylene bond. 
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EXPERIMENTAL 

The UV spectra of the compounds were recorded with an SF-4A spectrophotometer (see Table i and 
Fig. i)o The kma x values of the A2-pyrrolin-5-ones are presented in [i]. The mass spectra were recorded 
with an MKh-1303 spectrometer (by direct introduction of the samples into the ionization region at 160 ~ at an 
ionizing voltage of 50 V and an emission current of i~ mA)o The PMR spectra of CCI 4 solutions of the com- 
pounds were recored with a Varian-60 spectrometer with tetramethylsilane as the internal standard. 

Reaction of Acetylaeetone (N-Methyl~enamine with Citraconic Anhydride. A mixture of 2.26 g (0.02 
mole) of acetylacetone (N-methyl)enamine and 2.24 g (0.02 mole) of citraconic anhydride was heated in a 
Claisen flask at 150 ~ for 15 h, after which it was vacuum fractionated. Refractionation gave 2.6 g (58%) of 
1,2-dimethyl-3-aeetyl-4-ethyl-A2-pyrrolin-5-one [2] with bp 152-155 ~ (I ram). Found: C 66.0; H 8.2; N 7.6% 
CIoHIsN20. Calculated: C 66.3; H 8.3; N 7.7%. Mass spectrum: 181,166,152 (i00 %7,138,124, ii0, 56. 
PMR spectrum, 5:2 and 0~ (q CH and s C = C-CH3); 3 and 3.1 (t CH and s CHACO); 2.45 ppm (s C = CCH3)~ 
The assignments were made from the integral intensities of the signals and comparison with the spectrum of 
i ,2- dimethyl- 3- earbomethoxy- 4- earboxymethyl- A Lpyrrolin- 5- one [3]. 
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