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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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TABLE 1. 2 - F o r m y l i m i d a z o [ 4 , 5 - b ]  and 2 - F o r m y l i m i d a z o [ 4 , 5 - c ] -  
pyridines  and Their  Der ivat ives  

c~:ompound 

I 
Oxime 
Phenylhydrazone 

4-Nitrophenyl- 
hydrazone 

2,4-Dinitrophe- 
nylhydrazone 

Isohicotinoyl- 
iihydr azone 
Oxime 
Isonicotinoyl- 

h drazone 
III y 
Oxime 
XlI 
Oxime 
4-Nitrophenyl- 

hydrazone 
2,~-Dtnitrophe- 

nylhydrazone 
Isonicotinoyl - 

hydrazone 
XVII 

Oxime 
4-Nitrophenyl- 

hydrazone 
Isonicotinovl- 

hydtazone 
XIX 

Oxime 

4-Nitrophenyl- 
hydrazone 

XX 

Oxime 

4-Niuophenyl- 
hydrazone 

mp, ~ + 
(crystallization i Empirical formula 
solvent) 

172 (water) CBHrNaO. 1 tS) 
238 (alcohol) + CsH~N+O 

198- 199 t Cz+tt~aNs 
alcohol-benzene ) 

261--262 " ] C.~+H ~2N60.~ 
alcohol- benzene 

:~0g~ C ~;Hl ~ N704 
alcohol-benzene 

288 (alcohol) CL+HI~N~O 
i 

99--100 (water) (;~HuNaO.H~O 
230 (methanol) Ct+H~N~O 

185 C_~0l-llsN~O 
(alcohol -ether) 

t.~(water) C~aH~NaO-H~O 
192--193 (alcoholl . C~aHtoN~O 

! 78 (water) CaHrNaO" H=O 
' 275 (p]/ridine) C,~H+N~O 

313 ({hoxane) C~H,,N~O= 

304 C ~ H .  N704 
alcohol-benzene 

258 (alcohol) C,~H,aN~O 

176 CsHrN30 
I~enzene-hexane 
237--238 (alcohol: C+I-[sN~O 

282--283 C ~4H~N,~O.2 
alcohol--benzene 

294 (alcohol) C~+Ht~N~O 

99--I00 C~+ItI!N30 
benzene -hexane 

249--250 C~+11t~N.+O 
(methanol) 
244 (alcohol) , C..~HmN~O= 

134-136 i CI~t I~N30 
(benzene-hexane)t 

246--247 ] C]:J-I~0N~O 
(alcohol) I 

} 245(alcohol) [ C. Ht.tN,:O+ 

Found, % Calc., % ~. 

i i ~ C ! }{ \ C H 26 

] 53,2 5,t! 23 8153.515 1! 2. 4 75 
]544 49 3L9 545i46 3 8 86 
i 66,7 5.5[ 28 3! 66 9 5,2127.9i 80 

56.5 3,9128.1 568 41!28,418b 

496 3,6 28 9] 49,3 3 2 28 7] 88 

i60.0 +.4i30+3 %4,3 .+o.g 6,., 
66.3 5.3 167 659 51t16.5i84 

[66.514,9 22.5 6617 4.8 i 22,2 8(1 
67.5 44 23,9 674[4,5 23 6 63 

649 46 172 647 46t174 5{ 
6518 4:4 23:8] 65 514 2[ 23,6 9'3 
53.9 5 I 23,2 53;6 5 1 [ 23.4 + 5u 
54.2t 4 7131.6[ 54 5t 4 6, 31,8! 85 
56,6i4,0 28,6}568 411 2g.4]83 

' I I i 
i _ d t - i - -  

49,~ 3,4 28.9 49.313.2i28,, I ~o 
IoQ p i~  p, tO : 59,8[ 4.2~ +..9 60,014,31 ,.( +'I 7 

593 42 964:59,614.4 26 ,!56 

547[45 319 545 46 3I,q 7~ 
156 6 4:3 '2827 5s 411 2S:4] 8;~ 

59,9 4.2 30,3 60,0 4,3 30.0 68 

!707, [ '48 17.9 709, [4'7117'7 70 
I i i ; 
t 66.5j 4.9 22,4 66.7i 4s 122,2j 65 

i , 

646145 ~,29 64 ~I a 3[ o9 6! 90 

701 42 189 699 4! 88+80 

65,3+ 4.3 23,7 65.5 i 4.2123,5! 64 

63.5 3.9 23.7 63.7 3,9 23,5:8,3 

undergo covalent  hydration of the carbonyl  group with convers ion  of it to a gem-d ihydroxymethy l  group. 
Aldehydes of  the b s e r i e s  (XVII, XIX, and XX) do not form hydrates ,  and their  IR spectra  contain intense 
carbonyl  bands at 1700-1710 cm -1 (KBr pel le ts ) .  In a c h e m i c a l  re spec t ,  al l  of the aldehydes  under c o n s i d e r -  
ation behave  s i m i l a r l y  and display proper t i e s  charac ter i s t i c  for them,  forming ox imes ,  hydrazones  and un- 
dergoing condensat ion reac t ions .  Thus aldehydes I, XII, and XX are  converted to the corresponding  acryl ic  
ac ids  (VII, XIV, and XXII1) when they are heated with malonic  acid in the presence  of piperidine.  

R Clfa ~H3 CH 3 

CH3 CHa CHa , R CH+ 

XXVH, XXVII! X X l X  XXX.  XXXI 

&XVII R CHa; XXVIII, XXXI R = C H ~ C H ~ :  XXX R = C H +  

S i m i l a r  2 - s u b s t i t u t e d  d i h y d r o b e n z i m i d a z o l e s  (XXVII-XXX1) [5] w e r e  o b t a i n e d  by  b r i e f  h e a t i n g  of t he  
a l d e h y d e s  wi th  N , N ' - d i m e t h y l - o - p h e n y l e n e d i a m i n e  in  p y r i d i n e  s o l u t i o n .  

The  o x i m e s  of a l d e h y d e s  I - I I I ,  XII ,  XIX,  and  XX c a n  be  e a s i l y  d e h y d r a t e d  b y  m e a n s  of a c e t i c  a n h y d r i d e  

to n i t r i l e s  VIII ,  IX, XV,  X X W ,  and  XXV (v C ~_ N 2 2 4 5 - 2 2 5 8 ) .  As  i n  [6], s a p o n i f i c a t i o n  of t he  n i t r i l e s  in  c o n -  
c e n t r a t e d  s u l f u r i c  a c i d  s o l u t i o n  a t  r o o m  t e m p e r a t u r e  g ive s  the  c o r r e s p o n d i n g  i m i d a z o p y r i d i n e - 2 - c a r b o x -  
a m i d e s  (X, XI ,  XYI,  and  XXVI) ( T a b l e  3) in  h igh  y i e l d s .  
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TABLE 2. f l - ( I m i d a z o p y r i d i n e - 2 - y l ) a c r y l i c  Acids  and 2 - ( l ' , 3 ' - D i -  
m e t h y l - 2  ' ,3 ' - d i h y d r o b e n z i m i d a z  ol-2 ' -yl )  imidazopyr id ines  

Com-  Em irical Found, % Calc.,  ~o Yield, 
pound mp, ~ P formula c i, ] x C ~ - - ~ N - - {  % 

VII 
XIV 

XXIII 
XXVll 

XXVIII 
XXIX 

XXX 
XXXI 

280 
262--263 
271--272 

228 
225 
244 

282--284 
209--211 

C,oHgN~O~ 
C~oHgNaO2 
CI~t1uN302 
C~6HIrN8 
C2~H21Ns 
C,6H~zN5 
C~IH~Ns 
C~H~,Ns 

58,8 4.6 
59,3 4.7 
67.7 4,3 
68,5 6.2 
74,2 5,8 
68,7 6,3 
73,7 ~ 7 
74,1 ~: 

20.9 
20,9 

, 16.0 
[25,3 

19,9 
25,3 
20,8 
19,5 

59,1 4.5 
59. I 4.5 
67,9 4.2 
68,8 6,1 
74.3 6,0 
68,8 6.1 
73.9 5,6 
74,3 6.0 

2(;.7 " 53 
20,7 { 60 
I5,S ; 13 
25,1] 55 
19,7 i 5(i 
2 5 . ' j  60 
20.5 60 
1 9 , 7  60 

*Compounds VII and XIV were crystal l ized from water,  XXIII was 
crystal l ized from alcohol,  and the remaining compounds were crysta l -  
l ized f r o m  dioxane.  

TABLE 3. 2 - C y a n ~  and 2 - C a r b a m o y l  Der iva t ives  of I m i d a z o [ 4 , 5 - b ] -  
and Im i da z o [4 ,5 - c ]py r i d i ne  

Com- rap, ~ Empirical Found, % Calc.,  % ] I _ , IR spectra, em =1 IYield, 
pound formula ] c i n .... i (KBr pellets) ~0 

c ,, N .~ , 
I v','il 

X! ] 

XV 
XVI 

XXIV 
XXV 

XXVI. 

187 
132 
260 

234 

1537~54 

107--108 
151--152 
203--204 

CsH6N~ 
C141-IIoN4 
CsHsN40 

C14H~2N40 

CsH6N4 
CsHsN40 

Cl4HioN4 
C~3HsN4 
C~3H~oN40 

i I 

50,7 t 3,91 35,6 
72,1] 4,5 t 24,2 
54,314,4131,8 

66,5 5.11 22,4 

60,71 3,91 35,6 
54,2 4,41 31:7 

71,6 i 4,51 24.1 
7o,81 3,91 25,5 
65,414,3! 23,6 

60,81 3,814.61 35,4 t 143 
66,7 4,8i 22.2 

71,8! 23.9[ 
7o,9  
65,5 

vc= x 225t 
vc- ~ x 225~ 
v,:=o 1710; 6 ~ - u  170b 
v,x_ . 33.q9. 3455 
vc=o 1705 
v x - u  3300, 3"100 
\ ' c -  N 2255 
v,:=o1695:6x ,, 167!i 
vx--l, 3222, 3360 
vc~= :,; 22-! 5 
".'c-~ x 22,i5 
vc=o 1710 
v.',z- n 3420, 3460 

83 
i;5 
~2 

50 

~4 
,";0 

82 
93 
74 

* Compounds VIII, XV, XXIV, and XXV were crystal l ized from 
benzene; IX was crystal l ized from benzene -hexane ;  and X, XI, XVI, 
and XXVI were  crystal l ized from methanol. 

TABLE 4. IR Spectra of 
the Aldehydes 

, IR spectrum, vCO, 
Compound cm::l . . . . . . . . . .  

KBr CCI~ 

I - -  W2O 
I I L - - ! 703 

1II I - , !720 
XII ~ - -  i712 

XVII 17110 17!5 
XIX 1700 ~715 
XX 1 1710 W20 

1 

EXPERIMENTAL 

The IR spectra were recorded with a UR-20 spectrometer. The previously undescribed V, XIII, XXI, 

and XXII were obtained by the method used to prepare IV, VI, and XVIII [7-91. 

2,3-Dimethyl-3H-imidazo[4,5-c]pyridine (XIII). A mixture of 5 mmole of 4-amino-3-methylamino- 
pyridine, 15 mmole of acetic anhydride, and 25 mmole of glacial acetic acid was heated at 160-170 ~ for 1 h, 

after which the excess acetic acid and its anhydride were removed by vacuum distillation, and the residue 

was dissolved in the minimum volume of water. The aqueous solution was made strongly alkaline with con- 

centrated KOH solution and extracted with benzene. The extract was dried with solid alkali, and the solvent 
was removed by distillation to give a product with mp 145 ~ (from benzene) in 90% yield. Found: C 65.3; 

H 6 . 4 % .  C8HgN 3. C a l c u l a t e d : ,  C 6 5 . 3 ;  H 6 . 2 % .  

1 1 8 6  



1-Benzy l -2 -methy l - lH- imidazo[4 ,5 -c ]pyr id ine  (V). This compound, with mp 124 ~ (from b e n z e n e -  
hexane), was obtained in 77% yield f rom 3-amino-4-benzylaminopyr id ine  [10] as in the preceding experi-  
ment. Found: C 75.2; H 5.5%. CIaHlaN3. Calculated:  C 75.3; H 5.9%. 

3-Benzyl -2-methyl -3H- imidazo[4 ,5-b]pyr id ine  (XXI). This compound, with mp 94-95 ~ (from hexane), 
was obtained in 90% yield from 3-amino-2-benzylaminopyr id ine  [11] as descr ibed above. Found: C 75.5; 
H5.9%. C14HI3N3. Calculated: C 75.3; H5.9%. 

3-Phenyl -2-methyl -3H- imidazo[4 ,5-b]pyr id ine  (XXII). This compound, with mp 77-78 ~ (from hexane), 
was obtained in 60% yield from 3-amino-2-phenylaminopyri 'dine [12]. Found: C 74.6; H 5.6%. CI3HI1N 3. 
Calculated: C 74.6; H 5.3%. 

2 -Formyl imidazo[3 ,5 -b ] -  and 2-Formyl imidazo[4 ,5-c ]pyr id ines  (I-III, XII, XVII, XIX, XX, Table 1).  .... 
A 10-mmole  sample of f reshly sublimed selenium dioxide was added in port ions at 70-80 ~ to a solution of 
10 mmole of 2-methyl imidazopyr idine  (IV-VI, XIII, XVIII, XXI, and XXII) in 30-40 ml of dioxane, af ter  which 
the mixture was refluxed for 2 h, and the selenium was removed by filtration. The solvent was removed by 
distillation in a s t r eam of carbon dioxide, and the residue was crystal l ized f rom an appropria te  solvent. 

The mother  liquors af ter  the f i r s t  r ec rys ta l l i za t ion  of aldehydes I and XII f rom water were acidified 
to pH 2 with concentrated HC1 and evaporated to dryness .  The residue was made alkaline with excess  con-  
centrated alkali solution, and the liberated oil was extracted with benzene. The solvent was removed from 
the extract  by distillation to give 15-18% of 1 -methy l - lH- imidazo[4 ,5-c ]pyr id ine  with mp 112 ~ (from benzene) 
and 3-methyl -3H-imidazo[4 ,5-c]pyr id ine  with mp 101 ~ (from benzene). According to the data in [13], these 
compounds have mp 112.5 and 101-101.5 ~ respect ively .  

~- ( Imidazopyr id in-2-y l )acry l ic  Acids (VII, XIV, and XXIII, Table 2). A mixture of 1 mmole of aldehyde 
(I, XII, or XX), 2 mmole of malonic acid, 0.2 ml of pyridine,  and 0.05 m~of piperidine was heated on an oil 
bath at 125-130 ~ for 30 min, after  which it was cooled, and the melt was dissolved in 1 ml of water.  The 
aqueous solution was acidified to pH 3 with 10% HC1 solution, and the result ing precipi ta te  was removed by 
fil tration and washed with water. 

2 - ( l ' , 3 ' - D i m e t h y l - 2 ' , 3 ' - d i h y d r o b e n z i m i d a z o l - 2 ' - y l )  imidazopyridines (XXVII-XXXI, Table 2). A mix- 
ture of 1 mmole of aldehyde, 1.1 mmole of N,N'-dimethyl-o-phenylenediamine,  and 2 ml of d ry  pyridine was 
refluxed for 5-10 rain, af ter  which it was cooled, and the result ing precipitate was removed by fi l tration and 
washed with alcohol. 

2-Cyanoimidazopyridines  (VIII, IX, XV, XXIV, and XXV, Table 3). A solution of 1 mmole  of the oxime 
of the corresponding aldehyde in 2 ml of acetic anhydride was refluxed for 7 h, a f ter  which the excess an- 
hydride was removed by distillation, and the residue was dissolved in water.  The aqueous solution was made 
alkaline to pH with sodium carbonate solution, and the resul t ing precipitate was removed by filtration, 
washed with water,  and dried. 

2-Carbamoyl imidazopyr id ines  (X, XI, XVI, and XXVI, Table 3). A 1.5-mmole sample of the 2-cyano 
derivat ives  of the imidazopyridine was dissolved in 0.65 ml of cooled (to 5 ~ concentrated H2SO4, and the 
solution was allowed to stand at room tempera tu re  for 48 h, after  which 1 g of ice was added, and the mix- 
ture  was neutralized with potassium carbonate.  The resul t ing precipitate was removed by fil tration and 
washed with water.  

1, 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 
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R E S E A R C H  ON I M I D A Z O [ 1 , 2 - a ] B E N Z I M I D A Z O L E  

D E R I V A  T I V E S  

X I .  * SYNTHESIS OF 2-ARYLAMINO DERIVATIVES 

OF 9-METHYLIMIDAZO[1,2-a]BENZIMIDA Z OLE 

A.  M.  S i m o n o v ,  T .  A.  K u z ' m e n k o ,  
a n d  L .  G .  N a e h i n e n n a y ~  

UDC 547.785.5.07 

2 -Ary lamino  de r iva t ives  of 9 -methy l imidazo[1 ,2-a ]benz imidazo le  were  obtained by cyc l i za -  
t ion of the products  of the reac t ion  of 2 - a m i n o - l - m e t h y l b e n z i m i d a z o l e  with chloroacet ic  acid 
anil ides.  The f o r m e r  undergo diazo coupling and acetylat ion in the 3 posi t ion of the sy s t em,  
and the amino groups  of secondary  amines  a re  a lso  acetyla ted.  

The p rev ious ly  unknown 2 - a r y l a m i n o  der iva t ives  of 9 -methyl imidazo[1 ,2-a ]benz imidazole  (IIa-e) were  
synthesized f r o m  N - a r y l a m i d e s  of 2 - i m i n o - l - m e t h y l - 3 - b e n z i m i d a z o l y l a c e t i c  acid ( h - e )  by closing of a new 
imidazole  r ing through the amide  carbonyl  group and the imino group.  

Only e x t r e m e l y  scanty informat ion regard ing  the synthes is  of such amines  in a s e r i e s  of condensed 
imidazole  s y s t e m s  is avai lable  ~. The only r ep re sen t a t i ve  of this c lass  of compounds - 2 - ace t amido imidazo -  
[1,2-a]pyridine - was obtained by heating the tosyl imino der iva t ive  of 1 - c a r b a m o y l m e t h y l - 2 - p y r i d o n e i m i n e  
[2J in ace t ic  anhydride.  We were  unable to obtain unsubsti tuted 2 -amino -9 -me thy l imidazo [1 ,2 -a lbenz imid -  
azole by a s i m i l a r  method, inasmuch as we were  unable to conver t  2 - i m i n o - 3 - c a r b a m o y l m e t h y l - l - m e t h y l -  
benzimidazol ine  (II1) to the tosyl  der iva t ive .  The action of acet ic  anhydride on imine III gives ini t ial ly the 
N-ace ty l  der iva t ive ,  and, as  in the case  of 3 -ea rboxylmethy l - subs t i tu ted  compounds,  3-acety l - -2 ,9-dimethyl -  
imidazo[1 ,2-a]benzimidazole  [3]'is fo rmed  on prolonged heating in the p r e sence  of anhydrous sodium ace -  
tate.  The use  of phosphorus  oXychloride as  the condensing agent l e a d s  to res ini f iea t ion,  poss ib ly  as a con-  
sequence of the instabi l i ty  of the resul t ing amino der iva t ive .  

As one would expect,  we t h e r e f o r e  undertook the synthesis  of the m o r e  s table  2 - a r y l a m i n o - s u b s t i -  
tuted imidazo[1 ,2-a]benzimidazoles .  The s ta r t ing  N - a r y l a m i d e s  ( I a - e ) w e r e  obtained by heating 2 - a m i n o -  
1 -methylbenz imidazole  with ch loroace t ic  acid ani l ides in acetone.  The cycl izat ion of I a - e  in phosphorus  
oxychloride p roceeds  smoothly,  and the hydrochlor ides  (Ha-e) of the 2 - a r y l a m i n o  de r iva t ives  a re  formed 
in 90-95% yields .  The IR spec t r a  of the la t ter  do not contain the absorpt ion  band of a CO group at 1700- 
1705 cm ~1 that is p r e s en t  in the s pec t r a  of the s ta r t ing  amides .  In the f r ee  s ta te ,  a r y l a m i n e s  I I a -e  a r e  d is -  

t inguished by high instabil i ty.  

The s t ruc tu re  adopted for  I I a -e  is in a g r e e m e n t  with the chemica l  p rope r t i e s  manifes ted  by them.  
Stable d iacetyl  de r iva t ives  Ia, c - e  a re  f o rmed  on t r ea tmen t  of secondary  amines  IIa, c - e  (R = H) with ace -  
tic anhydride.  Acetylation takes  p lace  at the amino group and in the 3 posi t ion of the t h r e e - r i n g  sys t em,  

* See [1] for  communica t ion  X. 
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