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Aminomethylene  and aminoethyl idene der iva t ives  of 5- imidazolone,  the s t ruc tu r e s  of which 
were  studied by means  of the i r  UV, IR, and PMR spec t ra ,  were  synthesized.  It is shown 
that  they exis t  in an enamine s t ruc tu re ,  p r i m a r i l y  in the eis  f o r m  stabi l ized by an i n t r amo-  
leeu la r  hydrogen bond. 

In an a t t empt  to r ep roduce  the r e su l t s  in [2] in o rder  to obtain 1, 2 -d ime thy l -5 - imidazo lone  (II} f rom 
the Schmidt e s t e r  (1) and methylamine  we obtained a c rys ta l l ine  p rec ip i ta te  cor responding  to H with r e sp ec t  
to its mel t ing  point and the r e su l t s  of e l e m e n t a r y  analys is .  However ,  we found that  the p rec ip i ta te  was a 
mix ture  of subs tances ,  the s t ruc tu re  of each  of which did not co r respond  to II. The mix ture  was separa ted  
with a column filled with a luminum oxide and two subs tances  (IIIa and Iva)  were  isolated.  The reac t ion  of 
the Schmidt e s t e r  with e thylamine  [2] proceeded s i m i l a r l y  to a lso  give two compounds (IIIb and IVb), and the 
la t ter  r emained  in the f i l t ra te  under the reac t ion  conditions [21. 

The reac t ion  can be d i rec ted  to favor  the format ion  of e i the r  III or  IV by vary ing  the reac t ion  condi-  

tions. 

An examinat ion of the UV, IR, and PMR spec t r a  (Table 1) of each of these react ions  products  (III and 
IV) and a determinat ion of the i r  e l e m e n t a r y  composi t ions  and molecu la r  weightslenabled us to ass ign to 
them the s t r u c t u r e  of 4-aminoethyl idene der iva t ives  of 5- imidazolone.  

The reac t iv i ty  of the methylene group of the 1 ,2 -a lky l -5 - imidazo lone  formed as a r e su l t  of reac t ion  
of the Schmidt e s t e r  and p r i m a r y  amines  is apparent ly  very  high, and the la t ter  readi ly  undergoes  react ion  
with an imino e s t e r  to give I I I , t  which subsequently r e ac t s  with excess  p r i m a r y  amine  to give IV. In fact ,  
IIIa and IIIb r eac t  r ead i ly  with methyl -  or  e thylamine in ethanol to give compounds of the IV type. This  
method was used to obtain IVe f rom IIIb. 

Another poss ib le  method for  the synthesis  of 5- imidazolone is cycl izat ion of glycyl  anilide with ethyl 
o r thoformate .  However ,  this reac t ion  also did not give the expected 1 -pheny l -5 - imidazo le  (V). 

According to the r e su l t s  of e l e m e n t a r y  analys is  and the mel t ing point, the reac t ion  product  c o r r e -  
sponded to the product  descr ibed  in [4]. However,  an examinat ion of the s p e c t r a l  c h a r a c t e r i s t i c s  and a 
determinat ion of ~he molecu la r  weight (337) showed that this compound is the 4 -aminomethy lene  der iva t ive  

of 1 -phenyl -5- imidazo lone  (VI). 

,~ ] , ,  

*See [1] for  communicat ion XIV. 
t Attention was d i rec ted  to the poss ibi l i ty  of the format ion  of this type of compound in the p repara t ion  of 
N-unsubst i tuted 5 - imidazo lones  in [3], but the s t ruc tu re  of these  compounds was not es tabl ished.  
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In this case also, the l-phenyl-5-imidazolone evidently undergoes a number of transformations lead- 
ing to VI under the reaction conditions. 

6Hs C6H5 
I zO 

/N--C 2" 
H N\c~O + HC(OC2Hs) 3 - HC ! 

I ~N-- "2 
N H2/~H2 

V 

HC(OC2Hs)a 

C6Hs C6H s 

" " %  / ::o 
~N--C=CH--OC2H 5 ":N--C=CH--N H--C H2--C~ 

, NH--CBHs 

V! 

The 4-methylaminomethylene (VII), 4-phenylaminomethylene (VIII), and 4-piperidinomethylene (IX) 
derivatives of 1-phenyl-5-imidazolone were obtained from VI by tronsamination. 

The aminomethylene and aminoethylidene derivatves of 5-imidazolone can exist in several forms. 

A broad signal of the proton of an NH group at 9.1-9.5 ppm is observed in the PM~ spectra of CDCI 3 
solutions of Ill and IV (Table i). The location of the proton at the nitrogen atom of tile aminoethylidene group 
can be judged from the magnitude of the JNH,CH3 spin-spin coupling constant (5 Hz) and the presence of 
the doublet of a CH 3 group. In the case of VI, 6NH is found at I0 ppm. Thus the PMR spectral data make 
it possible to assign enamine structures (structures A and B) to the investigated compounds. The enamine 
structures differ with respect to the spatial orientation of the R 3 group and the NHR 2 group, and structure B 
is stabilized by an intramolecular hydrogen bond (IMHB). An examination of the PMR spectra of IVa, par- 
ticularly the signals of the protons of the aminoethylidene group (CH 3 and NHCH3) , immediately after prepa- 
ration of the solutions and after they have stood for some time shows that the signals of two structures are 
initially observed (Table 1, IVa* and Iva). On standing, the amount of one of the structures decreases, and 
the intensity of the signals of the protons of the other more stable structure, which has a broad signal of 
an NH group at 9.2 ppm, i.e., a compound with an IMHB (structure IVb), increases. 

R ~ R J R a 
I I I 

"N ""F': C'~ N |  R '~"  | z N " ~  C"N - - R ~  --N~/C~N--R~ .-R~ ~, . R , - ( /  II " - ~ R , - ~ /  
~ \N~.~O ~H ~ N  ~ . O  ',N J"-~O. �9 �9 

L I 
i~, R, R' 

A B C 

R ~ R ~ R3 
I H I I 

",N..~OI i x N J~-. O R J ", N .-.-'K~D 
I I I 
R' R! R' 

D E F 

The IR spectra of CHCI 3 solutions of IVa, b and IVa-c in the region of stretching vibrations of the 
NH group contain two absorption bands (Table 1), which can be assigned to the vibrations of the -C(  = O)-C = 
C(CH 3)-NHR amidovinyl group, unconnected and connected by an IMHB. In addition, there are intense ab- 
sorption bands at 1660-1670, 1630-1640, and 1570 cm -t, which can be assigned to the absorption of the CO 
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T A B L E  1. S p e c t r a l  C h a r a c t e r i s t i c s  of 5 - I m i d a z o l o n e  D e r i v a t i v e s  

Rz 
I 

--N~G~,N_R~ 
'~---<F V . 

I 
R~ 

Corn- [ 
pound i NR~ 

Ilia 330 

lIlb " 1,17m c 

IVa 3,1 

IVa *d 3,1 
3,2 

l'Vb 1,2 
3,4 

IVc 1,3 n 
3,7 ~az 

vf  

\ ( I I  

1 Principal bands in 
PMR spectra. 5, ppm t IR spectra at 1500- 

NR~ a R ~ I R'[NH 1700 and 3000- 
3500 cm "1 

4,13 2,30[ 2,20 
2,88 

4,07 2,3312,25 
3,561 
1.251 

3,07 2,3512,24 

3,07 2,3512,24 
3,02 2,52! 2,20 
3,541 2,30 2,20 
1,301 

3,05 2,40 2,30 
i 
I 

~,461 1670, 1640, 1540; 
3220--3350, 
3430--3470 

9,50] 1670, 1638, 1538; 
I 3210--3310, 
i 3420--3460 

9,20 1660, 1630, 1570; 
3150--3315; 
3390--3420 

9,20 
6,63 
- -  1655, 1625, 1569; 

3150--3300; 
3400--3410 

9,10 1655, 1630,1570; 
3150--3315; 
3390--3420 

l0 1700, 1612--1632 
1556 

UV spectra in ethanol, kmax, 
(log 8) 

225 (4,16); 245 b (3,93); 327 (4,34) 

225 (4,10); 245 b (.3 94) 327 (4 20) 

225 (4,19); 245 b (3,94); 327 {4,46} 

225 {4,06); 245 b {3,82}; 327 {4,46) 

226 (4,07); 245 b (3,85}; 327 (4,26) 

237 b 250; 326 

226 (4,24); 255 "(4.26); 331 {4,72 ~ 

a T h e  s i g n a l  of the NH g roup  p r e s e n t  in R 2 was not  o b s e r v e d  in the  

s p e c t r a  of  IIIa and IIIb. 
bShou lde r .  
CThe l e t t e r  m deno te s  a m u l t i p l e t .  
dThe  PMR s p e c t r u m  was  r e c o r d e d  i m m e d i a t e l y  a f t e r  p r e p a r a t i o n  of 

the  so lu t ion .  
eThe  PMR s p e c t r u m  was  ob ta ined  f rom a so lu t ion  in dG-DMSO, and 
the  IR s p e c t r u m  was  ob ta ined  f r o m  K B r  p e l l e t s .  

g roup  [51, the  d e f o r m a t i o n  v i b r a t i o n s  of the  NH bond,  and the s t r e t c h i n g  v i b r a t i o n s  of the  - C = C - b o n d .  The  
s i m i l a r  c h a r a c t e r  of the  UV s p e c t r a  of the  i n v e s t i g a t e d  compounds  c o n f i r m s  t h e i r  c l o s e  s t r u c t u r e s .  

Thus  the  r e a c t i o n  of the  Schmid t  e s t e r  with p r i m a r y  a m i n e s  and of g l y c y l  a n i l i d e  wi th  e thy l  o r t h o f o r -  
m a t e  g i v e s ,  i n s t e a d  of 5 - i m i d a z o l o n e ,  4 - a m i n o e t h y l i d e n e  and 4 - a m i n o m e t h y l e n e  d e r i v a t i v e s  of 5 - i m i d a z o l o n e ,  
r e s p e c t i v e l y ,  which  e x i s t  in n o n p o l a r  s o l v e n t s  in an e n a m i n e  s t r u c t u r e ,  p r i m a r i l y  in the  c i s  f o r m  s t a b i l i z e d  
by an IMHB. The  p r o b l e m s  of the  r a t i o  be tween  the c i s  and t r a n s  f o r m s ,  the  p o s s i b i l i t i e s  of i n t e r c o n v e r -  
s ion  in s o l v e n t s  and du r ing  s y n t h e s i s ,  and the  t a u t o m e r i c  t r a n s f o r m a t i o n  of t h e s e  compounds  r e q u i r e  a d -  

d i t i o n a l  s tudy .  

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

The  IR s p e c t r a  of 2-5% s o l u t i o n s  of the  compounds  in CHC13 w e r e  r e c o r d e d  with  a UR-20  s p e c t r o m -  
e t e r  a t  a l a y e r  t h i c k n e s s  of 0.5 m m .  The  UV s p e c t r a  w e r e  r e c o r d e d  with  an S F - 8  s p e c t r o p h o t o m e t e r .  The 
PMR s p e c t r a  of 3-10% so lu t ions  in CDC13 w e r e  r e c o r d e d  with an RYa-2306  s p e c t r o m e t e r  (60 MHz)* with 
h e x a m e t h y l d i s i l o x a n e  as  the  i n t e r n a l  s t a n d a r d .  The m o l e c u l a r  weight  was  d e t e r m i n e d  o s m o m e t r i c a l l y  wi th  

a V - P O  302B a p p a r a t u s .  

The  Schmid t  e s t e r  (1) was  ob ta ined  by the method  in [2I. 

1 , 2 - D i m e t h y l - 4 - ( m e t h y l a m i d o c a r b o n y l ) m e t h y l a m i n o e t h y l i d e n e - 5 - i m i d a z o l o n e  (IIIa).  _,ts compound 
was ob ta ined  by the  method  in [2] ; the  y i e l d  of a m i x t u r e  wi th  mp 165-173 ~ was  37%. S e p a r a t i o n  wi th  a 
c h r o m a t o g r a p h i c  co lumn f i l l ed  with A120 3 (e lut ion by c h l o r o f o r m )  gave IIIa with mp 178 ~ ( f rom e t h y l  a c e t a t e )  
and Rf  0 .16 -0 .20  in 3% y i e ld .  Found :  N 25.3%; M 212 (in c h l o r o f o r m ) .  C10H16N402. C a l c u l a t e d :  N 25%; 
M 224. The  r e m a i n d e r  of the m i x t u r e  s e p a r a t e d  with  the  c h r o m a t o g r a p h i c  c o l u m n s  was  IVa ( see  below).  

* The  authors" thank  A. V. Dogadina  and L. N. K u r k o v s k a y a  for  r e c o r d i n g  the  P M R  s p e c t r a .  
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Compound _IIa could be obtained in 29% yield by 10 min refluxing of the reac t ion  mix tu re  descr ibed  
in [2] and subsequent  standing at room t e m p e r a t u r e  for 20 h. 

1 ,2 -Dime thy l -4 -me thy laminoe thy l idene -5 - imidazo lone  (IVa). A) This  compound~ with mp 182 ~ (from 
ethyl  acetate)  and Rf 0.65-0.70, was obtained in 29% yield by chromatographic  separa t ion  of the mixture  
as descr ibed  in the p reced ing  exper iment .  Found: N 24.7%; M 163.5 (in ch loroform) .  CTHl~N30. Calcu-  
lated: N 25.2%; M 167. 

B) A 2-g  (8.9 mmole)  s ample  of IIIa was heated in 10 ml  of ethanol with 6.2 g (200 mmole)  of methyl -  
amine (a 33% solution in ethanol) at 40-50 ~ fo r  2-3 h.* The yellow solution was evapora ted ,  and the oily 
res idue  was t rea ted  with hot e thyl  ace ta te .  The ethyl ace ta te  solution was cooled to prec ip i ta te  0.8 g (50%) 
of co lo r l e s s  c r y s t a l s .  No mel t ing-poin t  depress ion  was observed  for  a mixture  of this product  with the s a m -  
ple obtained in expe r imen t  A. 

1 -E thy l -2 -me thy l -4 - ( e thy lamidoca rbony l )me thy laminoe thy l idene -5 - imidazo lone  (III.b):. This compound, 
with mp 194 ~ ( f rom ethyl aceta te) ,  was obtained in 51% yield by the method in [2]. Found: C 58.1; H 8.9; 
N 22.2%; M 267 (in ch loroform) .  CI2H20N402. Calculated:  C 57.1; H 8.0; N 22.2%; M 252. 

l~E thy l -2 -me t hy l -4 - e t hy l am i noe t hy l i dene -5 - imidazo lone  (IVb). A) Compound IVb was isolated in low 
yields From the f i l t ra te  a f t e r  s epa ra t ion  of IIIb (see the p reced ing  exper iment) .  

B) A 6-g  (23.8 mmole)  sample  of IIIb was heated in 60 ml  of ethanol with 16.2 g (360 mmole)  of e thyl-  
amine  at 40-60 ~ fo r  8-10 h, a f t e r  which the solvent  was evapora ted ,  and the oily res idue  was t r ea ted  with 
hot n-heptane.  Cooling of the heptane solution yielded 2.4 g (50%) of co lor less  c r y s t a l s  with mp 70-71 ~ (from 
n-heptane) .  Found: N 20.8%; M 203 (in ch loroform) .  C10H17N30. Calculated:  N 21.6%; M 195. 

1 -E thy l -2 -me thy laminoe thy l idene -5 - imidazo lone  (IVc). This compound was obtained by the method 
used to p r e p a r e  IVb by heating 4 g of IIIb with methy lamine  for  3-4 h. The yield of co lo r l e s s  c rys t a l s  with 
mp 123 ~ ( f rom n-heptane) was 2.3 g (80%). Found: N 22.6%; M 178 (in ch loroform) .  CgH15N30. Calculated:  
N 23.2%; M 181. 

1 -Phenyl -4- . (an[ i idocarbonyl )methy laminomethy lene-5- imidazo le  (VI). A 3 -g  (8.3 mmole)  sample  
of gl~/cyl anil ide carbonate  was dissolved in 70 ml  of refluxing absolute ethanol, a f t e r  which 1.36 g (9.2 
mmoie)  of e thyl  o r tho fo rma te  was added, and the mixture  was refluxed for  2 h. It was then cooled and 
worked up to give 1.19 g (43.4%) of l ight-yel low c ry s t a l s  with mp 227 ~ (from n-butanol) .  Found: C 68; H 
5.8; N 17.4%; M 337 (in dioxane). ClsHI~N402. Calculated:  C 67.5; H 5.0; N 17.5%; M 320. 

1 - P h e n y l - 4 - m e t h y l a m i n o m e t h y l e n e - 5 - i m i d a z o l o n e  (VII). A 0.9-g (2.8 mmole)  s ample  of imidazolone 
VI was ref luxed with 1.9 g (60 mmole)  of methy lamine  (a 33% solution in ethanol) for  6 h, a f te r  which the 
mix tu re  was cooled, and the unchanged VI was r emoved  by f i l t rat ion.  The f i l t ra te  was evapora ted ,  and the 
res idue  was t r ea ted  s e v e r a l  t imes  with e ther ,  a f t e r  which the res idue  was dissolved in ch lo roform.  The 
ch loroform solution was f i l tered and passed  through a column filled with a luminum oxide with elution by 
ch lo ro fo rm to gi've 0.17 g (30%) of a c r e a m - c o l o r e d  product  with Rf 0.65-0.70. Crys ta l l i za t ion  f rom p e t ro -  
leum e t h e r - b e n z e n e  (2 : 1) gave co lo r l e s s  needles  with mp 188.5-189 ~ Found: N 21.2%. CllHllN30. Cal -  
culated: N 20.9%. 

1 -Pheny l -4 -pheny laminome thy lene -5 - imidazo lone  (VIII). A solution of 0.25 g (0.78 mmole)  of VI in 
50 ml  of butanol was refluxed for  8 h with 1.1 g of aniline,  a f t e r  which the solvent  was r emoved  by d is t i l la -  
tion, and the res idue  was dissolved in e ther .  The unchanged VI was removed by f i l t ra t ion,  the f i l t ra te  was 
evapora ted ,  and the res idue  was dissolved in ch lo ro fo rm and passed  through a column filled with a luminum 
oxide with elution by ch loroform to give 0.1 g (50%) of yel low needles  with mp 168-169 ~ (from benzene) and 
Rf 0.7-0.8.  Found: N 15.9%; M 254 (in dioxane). C16H~3N30. Calculated:  N 16%; M 263. 

1 -1)henyl -4 -p iper id inomethy lene-5- imidazo lone  (IX). This  compound was obtained by the method used 
to p r e p a r e  VII (with exclusion of t r e a t m e n t  of the res idue  with ether) f rom 0.4 g (1.25 mmole)  of VI in 20 ml 
of ethanol and 1.3 g (16.4 mmole) of p iper id ine .  The yield of product  with Rf 0.8 was 0.2 g (67%). C ry s t a l -  
l ization f rom pe t ro leum e t h e r - b e n z e n e  (2.5 : 1) gave co lo r l e s s  needles with mp 189 ~ Found: N 15.9%; 
M 256 (in ch loroform) .  C15H17N30. Calculated:  N 16.5%; M 255. 

* The complet ion of the reac t ion  in this case  and in all  of the subsequent  t r ansamina t ion  reac t ions  could 
be moni tored by  means  of t h in - l aye r  ch roma tog raphy  on A1203 with ch loroform as the solvent .  The Rf va l -  
ues of the t r ansamina t ion  p roduc t s  were  higher  than the Rf values  of the s ta r t ing  compounds.  
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2- FORMY LIMIDA Z O[4,5-b] - A ND 

2-FO RMYLIMIDA ZO [4,5-c ]PYRIDINES 

Yu. M. Yutilov and L. I. Kovaleva UDC 547.781/785.5:542.943 

The corresponding aldehydes were obtained by oxidation of N-substituted 2-methyl imidazo-  
[4,5-b]- and 2-methyl imidazo[4,5-c]pyr idines  with selenium dioxide. Some of their  proper t ies  
and t ransformat ions  were studied. 

The prepara t ion of unsubstituted 2-formylimidazo[4,5-b]pyridine and 2-formyl imidazo[4,5-c]pyr idine  
f rom 2,3- and 3,4-diaminopyridines and ethyl diethoxyacetate was described in [1]. 

The present  paper is devoted to the preparat ion of N 1- and Na-substituted 2- formyl imidazo[4 ,5-b l -  
pyridines and 2-formyl imidazo[4 ,5-c]pyr id ines  (I-III, XII, XVII, XIX, and XX) and to a study of some of their  
t ransformat ions  with part icipation of the aldehyde group. 

~ H a 

N ~ , .> t - .~  b,l " 

CH a R 

I - X l  XI I -XVl  XVII, XVIII XlX-XXVl 

I R=CHa, R'=CHO; II, XlX R=CH2C6H,, R'=CHO; III, XX R=CGHs. R'=CHO; IV R= 
=R'=CHa; V, XXI R=CH2CeHs, R'=CHa; VI, XXII R=C6Hs. R'=CHa: VII R=CHa. 
R'=CH=CHCOOH; VIII R=CHa, R'=CN; IX, XXIV R=CH2C~H~. R'=CN: X R=Ct-la, 
R'=CONH=; Xl R=CH2C6Hs, R'=CONH2; XII, XVII R'=CHO; XllI, XVIII R'=CHa; 
XlV R'=CH=CHCOOH; XV R'=CN; XVI R'=CONH2; XXlII R=C6Hs, R'=CH= 

=CHCOOH; XXV R=C6Hs, R'=CN; XXVI R=CsHs, R'=CONH2 

Aldehydes I-III ,  XII, XVII, XIX, and XX were prepared by oxidation of 2-methyl imidazopyridines  (IV- 
VI, XIII, XVIII, XXI,and XXII) with selenium dioxide as in [2, 3]. The reaction was car r ied  out in toluene, 
dioxane, aqueous dioxane, wa te r ,  t r i f luoroacet ic  acid, and acetic anhydr ide;  in the last two solvents the 
oxidation proceeds  ext remely  slowly. The best resul ts  were achieved when dioxane was used as the solvent 
[4]. The action of an equivalent amount of selenium dioxide on bases IV and XIII gives, in addition to alde- 
hydes I and XlI, a certain amount (up to 18%) of 2-unsubstituted 1 - m e t h y l - i l l -  and 3 -methy l -3H- imidazo-  
[4,5-c]pyridines;  this may be associated with the more  extensive oxidation of the s tar t ing compounds to 
the corresponding 2-carboxyl ic  acids and their  subsequent decarboxylation under the reaction conditions. 

Aldehydes of the c ser ies  (I-HI and XII) tend to add water to give monohydrates that are  completely 
stable at room tempera ture  and have IR spect ra  (KBr pellets) that do not contain carbonyl absorption. Car -  
bonyl absorption can be observed in CC14 solution at 1705-1720 cm -1 after  vacuum drying of the sample at 
105-110 ~ (5-10 ram) for  2 h. These resul ts  constitute evidence for  the ability of aldehydes I - I I I  and XII to 
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