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The reduct ion of 1-methyl -2- (2-benzoyl )methylenepyrro l id ine ,  hexahydroazepines I Ia -c ,  and 
(f i-dimethylamino-fi-methyl)methyleneacetophenone III in aprotic media on a dropping m e r c u r y  
e lec t rode proceeds  in two one-e lec t ron  steps to give the corresponding enamines with a benzhy- 
dryl  res idue  in the 2' position. The regula r  dependence of the El/2 values of the f i r s t  waves in 
the reduct ion of enamino ketones I Ia -c  on the ring size is discussed:  s ix -membered  enamino 
ketone IIb is reduced most  easi ly,  while f ive -membered  IIa is reduced with the g rea tes t  diffi- 
culty. It is shown that the ring size of the enamino compounds affects the El/2 values only in 
those cases  in which a change in the hybridizat ion of the ring carbon atom occurs  during elec-  
t r i ca l  reduction.  

It  has previously  been shown [2] that the reduction of enamines - 1 - m e t h y l - 2 - ( 2 ' - R ' - 2 ' - R - m e t h y l e n e ) -  
hexahydroazepine der ivat ives  (I, n = 3) - on a dropping m e r c u r y  e lect rode in d imethyl formamide (DMF) in a 
0.1 M te t rabutylammonium perchlora te  base e lectrolyte  proceeds  in one one-e lec t ron  step with subsequent 
d imer iza t ion  of the resul t ing anion radicals .  

The aim of the presen t  r e s e a r c h  was to study the mechanism of the e lect r ical  reduct ion of a number  of 
enamino ketones (Ha-c, III) in DMF. In addition to this,  for  the indicated compounds,  as for  other  substances 
containing an enamino f ragment ,  we examined the dependence of the half-wave potentials on the size of the 
saturated aza heteror ing;  this is essent ial  in the solution of the s t ructura l  and analytical p rob lems  that a r i se  
during the study of the react ions  of compounds of this type. 
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Two polarographic  waves cor respond  to enamino ketones II and III in an aprotic medium (Table 1). The 
f i r s t  waves are  dist inctly expressed,  whereas  the second waves are  s t re tched out and evidently consis t  of a 
ser ies  of poorly  reso lved  steps.  As seen f rom Table 1, the f i r s t  waves of I Ia -c  and III have coefficients of 
proport ional i ty  in the Ilkovi~ equation (x) ranging f rom 1.19 to 1.47. The one-e lec t ron  waves of the reduction 
of the ni tro group of enamino ketones IVa, b under the same conditions have ~ values of 1.19 and 1.16, r e spec -  
t ively.  
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IV a n=l, R~=p-NO2; 

I ra ,  b b n=3, r=m-NO 2 

*See [1] for  communicat ion XX. 
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TABLE 1. P o l a r o g r a p h i c  
C h a r a c t e r i s t i c s  of II and I~  

C o m  - 

pound 

lla 

lib 

Ilc 

llI 

-El/z, V i lim 
(saturated x= __ 
calomel elec c 

2,30 1,47 
2,8 1,85 
2,20 1,30 
2,7 1,34 
2,25 1,19 
2,8 1,39 
2,21 1,26 
2,7 1,69 

TABLE 2. P o l a r o g r a p h i c  C h a r a c t e r -  
i s t i c s  of I in a 0.1 M Solution of 
Bu4NC10 r in DMF 

CN 
CN 
CN 
CN 
CN 
CN 

R" 

COOEr 
COOEr 
COOEr 
CONH2 
CONH2 
CONH2 

-El/v V (sat-] 
" u~ar.ed caloro~ el etectrooe) / 

2,44 
2.34 
2,36 
2,65 
2.46 
2,46 

ilim X = - -  
C 

1,58 
1,14 
1,1I 
1,37 
1,15 
1,06 

Consequent ly ,  the f i r s t  waves  of enamino ke tones  IVa-c  and III c o r r e s p o n d  to t r a n s f e r  of one e lec t ron .  The 
s lopes  of these  waves  a t t e s t  to the r e v e r s i b i l i t y  of the p r o c e s s ,  in which the r e su l t ing  anion r a d i c a l  is  quite 
s table:  an anode peak  of oxidat ion of the anion r a d i c a l  that  is  approx ima te ly  equal in height  to the cathode peak  
of reduc t ion  of l ib is  obse rved  dur ing  r e c o r d i n g  of the cyc l i ca l  v o l t a m p e r o g r a m s  of IIb on a hanging m e r c u r y  
drop in DMF in a 0.1 M BuNI b a s e  e l e c t r o l y t e  at  a potent ia l  scanning r a t e  of l e s s  than 0.1 V / s e c ,  and the d i f -  
f e r ence  in the po ten t ia l s  of the anode and cathode peaks  is  69 mV and i s  p r a c t i c a l l y  independent  of the scanning 
r a t e .  The second waves in the reduct ion  of enamino ke tones  II and III, as  we have a l r e a d y  s ta ted  above,  a r e  
not d i s t inc t ly  e x p r e s s e d .  Judging f rom the ~ va lue ,  i t  may  be a s sumed  that  these  waves  a r e  a l so  o n e - e l e c t r o n  
waves  fo r  IIb, c, th is  c o r r e s p o n d s  to reduct ion  of the anion r a d i c a l s  to dianions .  The c e r t a i n  o v e r s t a t e m e n t  
of the height  of the second waves  fo r  IIa and III is  p robab ly  a s soc i a t ed  with s ide  p r o c e s s e s .  P roceed ing  f rom 
the da ta  p r e s e n t e d  above,  one may  conclude that  the p r inc ipa l  pathway in the e l e c t r i c a l  reduc t ion  of enamino 
ke tones  II and III is  pathway A, which involves the fo rmat ion  of enamine  V, which i s  not r educed  in the a c c e s s -  
ible range  of po ten t i a l s ,  s ince  even reduct ion  of enamines  I with s t rong ly  e l e c t r o n - a c c e p t o r  subs t i tuents  (R, R') 
i s  obse rved  at e x t r e m e l y  negat ive  po ten t i a l s  [2] (Table 2). 
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Compound VI, which i s  f o rmed  through s ide  p r o e e s s  B, should not d i f fer  a p p r e e i a b l y  with r e s p e e t  to 
po l a rog raph i e  behav io r  in apro t i c  m e d i a  f r o m  acetophenone,  whieh under  these  condi t ions g ives  two o n e - e l e e -  
t ron  El/2 waves of - -2 .12  a n d - 2 . 7  V; consequent ly ,  at the po ten t ia l s  of the second wave ketone VI shouid unde r -  
go reduct ion r ap id ly  with the consumption of two e l e e t r ons .  An i n c r e a s e  in the  seeond wave above the one-  
e l e c t r o n  leve l  a l so  d e t e r m i n e s  the o c c u r r e n c e  of th is  p r o c e s s ,  and the r e l a t i ve l y  sma l l  magni tude of th is  in-  
c r e a s e  ind ica tes  that  the dominant  p r o c e s s  i s  reduc t ion  of the anion r a d i c a l  to enamine V.* Thus,  as  in the 
ea se  of enamines  I [2] and e , f i -unsa tura ted  ke tones  [4], the f i r s t  s tep in the e l e c t r i c a l  reduc t ion  of enamino 
ke tones  i s  r e v e r s i b l e  t r a n s f e r  of one e l ee t ron  to give a quite s tab le  anion r a d i c a l .  However ,  in con t r a s t  to 
enamines  I ,  waves  involving the reduct ion  of these  anion r a d i c a l s  a r e  obse rved  in the case  of II and I l l .  

I t  fol lows f rom an examinat ion  of the da t a  in Table  1 that  t he re  a r e  s igni f icant  d i f f e r ences  in the El/2 
va lues  of the f i r s t  waves  in the reduc t ion  of the inves t iga ted  enamino ketones  as a function of the r ing  size;  s ix -  
m e m b e r e d  enamino ketone lib is  r educed  mos t  ea s i l y ,  while f i v e - m e m b e r e d  IIa  is  r educed  with the  g r e a t e s t  
d i f f icul ty .  Noncycl ic  III is  r educed  in the same way as l ib .  Since the f i r s t  wave in the reduc t ion  i s  r e v e r s i b l e ,  
whe rea s  the r e su l t ing  anion r a d i c a l  i s  quite s tab le  and does  not undergo any f u r t he r  t r a n s f o r m a t i o n s  at m e a s u r -  

*The f inal  r e s u l t  of the reduct ion ,  i . e . ,  the fo rma t ion  of enamine  V, i s  in good a g r e e m e n t  with the data  in [3] on 
the e l e c t r i c a l  reduct ion  of some enamino ketones  in pro togenic  media .  
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able r a t e s  under  the given conditions, the El/2 values are  associa ted with a difference in the stabilit ies of the 
ground s ta tes  of 17 and III and anion radical  VII: 

VII 

There  is a bas is  to suppose [5] that the unshared pair  of e lec t rons  of the r ing amino groups is best  conjugated 
with the exocyclic double bond in the case of the s ix -membered  ring. Hence under  the condition of equality of 
the energ ies  of final state VII, lib should undergo reduction with the g rea tes t  difficulty; this is not  in agreement  
with the experimental  resu l t s .  

Thus in the case  of an examination of the effect of the ring size of enamino ketones II on the El/2 values 
one must  take into account the di f ferences  in the energ ies  of the final s tates - anion radica ls  in this ser ies  of 
compounds. 

The resu l t s  made it possible to assume that the addition of an e lectron to the 2 posit ion of the ring leads 
to an inc rease  in the p cha rac t e r  of the C 2 atom. It  is well known [6] that a change in the cha rac t e r  of the hy-  
br idizat ion f rom sp 2 to sp 3 is mos t  favorable  for  a s ix -membered  r ing and least  favorable  for  a f ive -membered  
ring; this is in good agreement  with the resul ts  presented above (Table 1). If the assumption expressed above 
is c o r r e c t ,  faci l i tat ion of the reduction of s ix -membered  compounds as compared with f ive -membered  com-  
pounds should be retained in those cases  in which the C 2 atom of the saturated ring is involved. In fact,  a com-  
par i son  of the El/2 values for  enamino e s t e r s  (I, n = 1-3,  R = CN, R' = COOEt) [7] and enamino amides (I, 
n = 1, 3, R = CN, R'  = CONH 2) conf i rms  the assumptions expressed  above (Table 2). The regular i ty  found in 
this case  may evidently serve  as  an indicator  method for  the determinat ion of the nature of the reduced groups 
(or the s t ruc ture  of the anion radical) in complex sys tems  with a large number  of functional groups.  Thus,  
for  example,  the El/z values of the f i r s t  waves in the reduction of the enamidines (VIII, n = 1-3) [7] are ,  r e -  
spectively,  - 1 . 4 3 ,  - 1 . 4 2 ,  and -1 .41  V (with r e spec t  to a s i lver  electrode in a 0.1 M solution of Bu4NC104 in 
DMF as the base electrolyte);  this makes  it possible to conclude that in this case  substantial changes in the 
cha rac t e r  of the hybridizat ion of the ring C 2 atom do not occur  during at tack of the electron.  

cooc,,, 

VIII lYL 

On the other hand, in the case  of IX one observes  a dist inct  dependence of the El/2 values of the f i r s t  waves on 
the ring size (the El/2 values  for  IX (n = 1-3) are ,  respect ively ,  - 1 . 7 0 ,  - 1 . 5 9 ,  and -1 .66  V [7]), which makes  
it possible  to a ssume that s t ruc ture  X with increased  p cha rac t e r  (as compared  with C 2 in IX) of the hybr idiz-  
ation of the radica l  center  (the r ing C a atom) makes  the grea tes t  contribution to the resonance  hybrid of the 
corresponding anion radical'- 

f--(c,2) . 

3 - 0  / ",OC2H 5 

X 

Thus the set of resu l t s  obtained constitute evidence that the ring size of enamines,  enamino ketones, and 
related compounds has an effect on the El/2 value only in those cases  in which a change in the hybridization of 
the ring carbon atom occurs  during e lec t r ica l  reduction. 

EXPERIMENTAL 

The polarographic  measu remen t s  were made in a thermosta t ted  (25 �9 0.1~ cell. The working electrode 
was a dropping m e r c u r y  electrode with charac te r i s t i c  values m = 0.73 m g / s e c  and t = 0.3 sec. A si lver  e lec-  
t rode submerged in the tes t  solution was used as the compar ison  electrode.  The half-wave potentials of the 
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investigated compounds were reckoned relative to a saturated calomel electrode with respect  to a "standard" 
(potassium) scale [8]. The polarograms were recorded with a Radiometer PO-4 polarograph. 

The DMF was dried with fused KOH and vacuum distilled. 
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S Y N T H E S I S  OF H Y D R O G E N A T E D  H E T E R O C Y C L I C  

C O M P O U N D S  BY T H E  A D D I T I O N  OF N U C L E O P H I L I C  

R E A G E N T S  TO S E M I C Y C L I C o ~ - M E T H E N Y L  1 , 5 - D I K E T O N E S *  

M. N. T i l i c h e n k o ,  G. V. P a v e l  v, 
a nd  A.  D. C h u m a k  

UDC 547.814'832.5 

The addition of pr imary  and secondary amines and hydrogen cyanide to semicyclic ~-methenyl  
1,5-diketones of the 1,3-diphenyl-l-(2-oxocyclohexyl)-2-methenyl-3-propanone type leads, re -  
spectively, to compounds with hydrogenated quinoline, 7-flavenone, and chroman structures .  

The study of reactions with nucleophilic reagents [3] was begun for semicyclic ~-methenyl  1,5-diketones 
in [1 ~ 2]. We present  here the results of our studies of the addition of pr imary  amines to semicyclic a -me th -  
enyl 1,5-diketones Ia-c and IV and of secondary amines and HCN to diketone Ia. 

The reaction with pr imary  amines leads to the hydrochlorides of IIa-d and V, and the reaction with ethan- 
olamine leads to perhydrooxazolinoquinolines IIIa, b. The lat ter  could be formed from both N,O-hemiacetals 
of the A form (R' = CH2CHzOH) by splitting out of a molecule of water through the hemiacetal  and alcohol 
hydroxyl groups and from enamines II (R' = CH2CH2OH) by intramolecular addition of alcohol to the double bond 
of the enamine. 

*Communication XXIV from the ser ies  nReactions of 1,5-Diketones. n 
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