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4-Aminoethylidene and 4-aminomethylene derivat ives of  5- imidazolone exist in the enamine 
fo rm as two i somers  that a re  stabil ized by int ramolecular  hydrogen bonds of the NH. �9 �9 N and 
NH. �9 �9 O type. In solution the enamine with a f ive -membered  H r ing  is gradually converted to 
the cor responding  i somer  with a s i x -membered  H r ing  with an NH. �9 �9 O bond. Because of 
s ter ie  hindrance,  rotat ion about the c a r b o n - c a r b o n  double bond is rea l ized  more  slowly in the 
aminoethylidene derivat ives than in the aminomethylene derivat ives of 5-imidazolone. 

In a paper devoted to the synthesis  and s t ruc ture  of aminoethylidene and aminomethylene derivatives of 
5- imidazolone [2] it was repor ted  that,  judging f rom the PMR spec t ra ,  for some of them in solutions in CDC18 
one observes  another i somer  of this compound in addition to an enamine s t ruc ture  stabilized by an in t ramolec-  
u lar  hydrogen bond of the NIt- �9 �9 O type. The PMR spec t ra  of s imi lar  compounds at severa l  concentrat ions 
and var ious  t empera tu res  were  analyzed to ascer ta in  the s t ruc ture  of this isomer .  

Depending on the t ime of preparat ion of the solutions, one or  two groups of signals with the following 
positions a re  observed  in the PMR spec t ra  of 1 ,2-dimethyl-4-methylaminoethyl idene-5- imidazolone (I} (CDC13, 
20oC): F o r  f resh ly  p repared  solutions one observes  one fo rm (1) containing the proton of an amino group with 

~ 6.6 ppm (JNH, CH 3 = 5.0 Hz), af ter  30 min 5 % of another fo rm (2) with 6 NH 9.2 ppm (JNH, CH 3 = 5.2 Hz) appears ,  af ter  
24 h the ra t io  of both forms is 1 : 1, after  2 days one observes  13% of form (1) and 87% of a new form,  and after 
oneweekth is  rat io is approximate ly the  same (10 : 90) and remains  vi r tual ly  unchanged as the t empera tu re  is 
changed f rom - 6 0  to +60~ The 5 NH chemical  shifts of the two forms depend only slightly on the t empera tu re  

or  on the concentrat ion (Table 1). 

TABLE 1. Dependence of the 
5 NIt Chemical  Shifts of the 
Two Forms  on the Tempera -  
ture and Concentration 

8NI ~, ppm 
temp.. "C 

111 (2) 

+ 60 6,49 9,16 
+27 6,66 9,17 
-- 60 6,88 9,18 

CoIlcn. ~ mole 
9o 

10 
2 
1 

6,66 
6,57 
6,57 

9,17 
9,17 
9,17 

* S e e  [1] f o r  c o m m u n i c a t i o n  X X I .  
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If, in analogy with s i m i l a r  compounds (for example ,  5 -pyrazolone  der iva t ives  [3]), one a s s u m e s  an ena-  
mine s t ruc tu re  with an in t ramolecu la r  hydrogen bond for f o r m  (2), one of the following s t r u c t u r e s  {Ib-d) can be 

a s sumed  for f o r m  (1): 

CH3 ~ \N/ O...ll (.t.20) 
(2,25) t I (2,2o) I ~tl$ 

CH 3 (3.~0) CH 3 CH 3 (3,15) 

I~- I b  I c  I d  

A substant ia l  d i f ference in the 6 CH~ values  (0.18 ppm) is obse rved  only for  the singlet  s ignals  of the p ro -  
tons of one methyl  group (CH~--C~C. < ) ,  whe reas  the d i f ference  is only ~0 .05  ppm for the r ema in ing  CH~ 
groups.  This  may  be a consequence of the anisot ropic  effect of the carbonyl  group, and s t r u c t u r e  110 should con- 
sequently be excluded f r o m  the th ree  poss ib le  s t ruc tu re s .  The absence  of the cha r ac t e r i s t i c  s p i n - s p i n  coupling 
constants  of the protons of the methyl  group at tached to the H s C - N H  bond made it imposs ible  to identify s t r u c -  
tu res  Ic and Id, and we the re fo re  studied the PMR spec t r a  of other 5- imidazolone der iva t ives .  Thus two groups 
of s ignals  a r e  also obse rved  in the s pec t r a  of  f r e sh ly  p r e p a r e d  solutions of 1 -phenyl -4-phenylaminomethy lene-  
5-[midazolone (fl) in CDC13, and the JNH,CH values  of  12.0 and 13.0 Hz make it poss ible  to ass ign  f o r m  (1) to 
the s t r u c t u r e  with a t r a n s - o r i e n t e d  amino group (IIc) and f o r m  (2) to cis  s t ruc tu re  IIa. 

I 7 
G6Hs %H s 

"il C l la 

It is poss ib le  that a s t ruc tu re  of the IIa type is r ea l i zed  in the case  of c leavage  of the in t ramolecu la r  hy- 
drogen bond by dimethyl sulfoxide (DMSO) in the aminomethylene derivatives of 5-pyrazolone and 5-pyrrolone 
[4]; however, in contrast to 5-imidazolone derivatives, structures of the IIc type were not observed in chloro- 
form solutions for them. Their existence in the case of 5-imidazolone derivatives is evidently explained by the 
possibility of stabilization by an intramolecular hydrogen bond of the NIl.. �9 N type with the ring nitrogen atom, 
as evidenced by the absence of temperature and concentration dependences of 5 NH. 

The formation of an intramolecular hydrogen bond increases the energy barrier to conversion of form (i) 
to form (2). As compared with aminoethylidene derivative I, anainometh~rlene derivative II in a freshlyprepared 
solution in CDCI s contains only ~ 30% of form (1), and the entire (1) -* (2) conversion is complete in a few hours. 
The dif ference in the 6 NH shifts  of the two f o r m s ,  which to a ce r ta in  degree  re f l ec t s  the di f ference in energ ies ,  
is g r ea t e r  for 1 ,2 -d imethy l -4 -methy laminoe thy l idene-5- imidazo lone  than for  1 -phenyl -4-phenylaminomethylene-  
5- imidazolone  (2.60 and 1.64 ppm, respect ive ly} ,  and the (1)~(2)  convers ion  should consequently have been 
m o r e  rapid.  The p r e s ence  at the double bond of a methyl  group evidently hinders  the (1) ~ ( 2 )  convers ion  be-  
cause  of s t e r i c  s t ra in ,  s ince,  all  other  things being equal, the difference in the shifts of the two fo rms  should 
de t e rmine  the ease  of the convers ion.  To ve r i fy  this we m e a s u r e d  the PMR s p e c t r u m  of 1 -pheny l -4 -me thy l -  
aminomethy lene -5 - imidazo lone  (IID, in which two groups of s ignals  were  also observed:  

(fi 3~}) H - - N - - C H  z (330) H 

�9 __~/c\, n ~c\n--cus 

- . u J " ~ o . . . H  (%35) 
] I 
C~H5 Cell 5 

I I I  C I l l  a 

The di f ference  in the 6 NH shifts  for  the two f o r m s  of this compound is 1.96 ppm, which is somewhat  
g r ea t e r  than for  II; however ,  as one might have expected,  the initial pe rcen tage  of f o r m  (1) was cor respondingly  
s m a l l e r  (.~ 15%). Insofar  as the format ion  of aminoethyl idene or aminomethylene  der iva t ives  of 5- imtdazolone 
is concerned,  in the p roce s s  of synthes is  in s t r uc tu r e s  Ic and Hc it may  be a s sumed  that in concentra ted  so lu-  
t ions,  as a consequence of an in te rmolecu la r  interact ion,  the "unfolded" t r ans  f o r m  is m o r e  favorable  and that 
I - I I I  a r e  genera ted  in it. During dissolving slow rota t ion  of the amino group about the c a r b o n - c a r b o n  double 
bond and the fo rmat ion  of an enamine s tabi l ized by a s i x - m e m b e r e d  chelate  r ing  (s t ructures  Ia and Ha) occur.  
This  p roces s  also takes place in the dark at approx ima te ly  the s ame  ra te .  
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E X P E R I M E N T A L  

The synthesis  of the investigated compounds is descr ibed  in [2]. The PMR spec t ra  were  measured  with 
a JNM-PS-100 spec t romete r ;  the accu racy  in the measuremen t  of the chemical  shifts was • 0.05 ppm, and the 
accu racy  in the measu remen t  of the coupling constants was ~- 0.5 Hz. 
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H E T E R O C Y C L I C  Q U I N O N E S  

XXXHI.* OXIDATIVE AMINATION OF 5(6)-HYDROXYBENZIMIDAZOLES 

Yu.  S. T s i z i n  a n d  S. A.  C h e r n y a k  UDC 847.785.5 : 842.988.3 

A number  of benzimidazole-4,5(6,7)-quinones containing a secondary  amine res idue  in the 
quinone r ing  were  obtained by oxidation of N-substi tuted 5(6)-hydroxybenzimidazoles with 
oxygen in the p resence  of copper ( l ] ) -p iper id ine  (dimethylamine) complexes.  It is shown that 
the reac t ion  proceeds  in the p resence  of catalyt ic  amounts of copper aceta te  and is not accom-  
panied by amination of the C (z) atom. 

The a im of the present  r e s e a r c h  was to study the applicabili ty of oxidative amination for the synthesis  of 
o-benzimidazolequinones,  since the exist ing methods for their  preparat ion a re  based on the oxidation of dif- 
f icul t - to-obta in  bifunctional der ivat ives  [2-5]. For this purpose two fundamental questions had to be answered:  
Will stable chelate  complexes  of the products of oxidation of I-III be formed with copper  (see [6]), and is amina-  
tion of the C(~) a tom during the oxidation of IV and V possible (as in the case  of the previously  observed  [7] 
amination of benzothtazole-6,7-quinones)  ? It should be noted that N-substi tuted benzimidazole-4,5-quinones 
have not been previous ly  descr ibed.  

O - 
It 

R NR~ R 
l-Ill VI-X 

R 0 R 

IV.V Xl, XII 

I R~CHs, R'~H; II R=C6He, R'=H; III R=CeHs, R'=CH3; IV R=CeHs; V R=CH~; 
VI R~CH~, R'~H, NR'2=N(CH2)s; VII R~CeHs, R'=H, NR%=N(CH~)s; VIII R=CsHs, 
R'~H, R"=CHa; IX R=CoHs, R'=CHs, NR'2=N(CH2)s; X R=C6Hs, R'=R"=CH3; 

XI R=CsHs; XII R=CHa 

* See [1] for  communication XXXII. 
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