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XLII.* SYNTHESIS AND TRANSFORMATIONS OF AMIDES OF UNSATURATED 

CARBOXYLIC ACIDS IN SERIES OF 2-AMINO DERIVATIVES OF BENZIMIDAZOLE 

AND PYRtDIN E 
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a n d  I .  I .  P o p o v  

The acylat ion of 2-amino der iva t ives  of benzimidazole  and pyridine with f l - a r y l - ~ ,  f l - unsa t -  
u ra ted  carboxyl ic  acid chlor ides  gave the cor responding  amides ,  which were  conver ted to 2-oxo 
der iva t ives  of pyr imido  [1,2-a]benzimidazole  and pyridine by the action of bases .  

The reac t ions  of 2 -aminobenzimidazole  [2-4] and 2-aminopyr id ine  [5, 6] with acry l ic  and ace ty l eneea r -  
boxylie  acid e s t e r s  have been studied in detail;  however ,  the reac t ion  of these amines  with unsa tura ted  c a r -  
boxylic  acid chlor ides  has not been studied adequately.  Continuing our r e s e a r c h  on unsa tura ted  der iva t ives  of 
2 -aminobenz imidazo le  [8, 9], we studied the reac t ions  of 2 - a m i n o - l - m e t h y l b e n z y l i m i d a z o l e  (I) and 2 -amino-  
pyridine (II) with f l - a r y l - ~ f i - u n s a t u r a t e d  carboxyl ic  acid chlor ides  (IIIa-c).  

It  was es tabl i shed that hygroscopic  c rys ta l l ine  2 - a m i n o - l - m e t h y l - 3 - a c y l b e n z i m i d a z o l i u m  chlor ides  {IVa, 
b) a re  fo rmed  in the reac t ion  of amine I with c innamoyl  (IIIa) and phenylpropiolyl  (IIIb) chlor ides  in d ry  acetone. 
When acyl ium sa l t  IVa is t r ea t ed  with t r i e thy lamine  in acetoni t r i le  at 10-15~ it is conver ted to 2 - i m i n o - 1 -  
me thy l -3 -c innamoylbenz imidazo l ine  {Va),~ which is quite stable in the c rys ta l l ine  s tate  but in benzene or ch loro-  
f o r m  solution undergoes  r e a r r a n g e m e n t  to amide Via in 24 h (see [10]). The la t te r  can be obtained in good yield 
by d i rec t  acylat ion of amine Ia with acid chloride IIIa  in the p r e sence  of pyridine or  by the action of t r i e thy l -  
amine on a suspension of acyl ium sal t  IVa in acetoni t r i le  at 20-25~ for 1.5 h. When amide Via is ref luxed in 
alcohol in the p r e sence  of pyr idine or  t r i e thy lamine ,  it is conver ted  to benzimidazolone VII. 

When acyl ium sal t  IVb is t r ea t ed  with excess  pyridine for  6 h, it undergoes  r e a r r a n g e m e n t  through un-  
stable imine IV to phenylpropiolamide VIb, which is cycl ized to benzimidazolone VIII under  the reac t ion  condi-  
t ions.  In the p r e se nce  of pyr idine,  amine Ia is acylated by acid chlor ides  IIIb,c at - 70~ without res in i f ica t ion  
of the reac t ion  mix ture  to give amides  VIb,c,  which undergo cycl izat ion to pyr imidinone VIII under  the influence 
of sodium ethoxide.  ~ - B r o m o c i n n a m a m i d e  VIc evidently init ially undergoes  dehydrobrominat ion  to give phenyl-  
p rop io lamide  VIb; the la t ter  undergoes  pa r t i a l  convers ion  to pyr imidinone  VIII even when it is heated to the 
point of c rys ta l l i za t ion  f r o m  alcohol. The p r e sence  of sodium ethoxide in the reac t ion  mix tu re  acce l e r a t e s  in-  
t r a m o l e c u l a r  cycl izat ion apprec iably .  (See scheme  on following page).  

The data f r o m  the I13 s pec t r a  of VIa -c  indicate an amide s t ruc tu re  for  these  compounds (see [11]). The 
PMR s p e c t r a  of VII and VIII contain a four -p ro ton  H6_ 9 mul t ip le t  at 5 7.3-7.7 ppm; this is in ag reemen t  with 
the pyr imido  [1 ,2-a]benzimidazol -2-one  s t ruc tu re  (see [2, 7]).$ The m e c h a n i s m  of the cycl izat ion of der iva t ive  
VIb to VIII probably  includes a step involving addition of the Michael  type to the act ivated C - C bond as a r e -  
sult  of a t tack by the t e rm i na l  ni t rogen a tom on the B - c a r b o n  a tom of the mult iple bond (see [8])o The action of 

* See [1] for  communica t ion  XLI.  
Obtained by  G. M. Suvorova.  

$ Splitting of the ove ra l l  a r o m a t i c  four  - p ro ton  H 6_ 9 mul t ip le t  into t h r e e -  pro ton  (H 7_ 9, 5 7.5 - 8.0 ppm) and one -  
pro ton  (H 6 5 8.5 - 8.8 ppm) s ignals  would be c h a r a c t e r i s t i c  for  the i s o m e r i c  py r imido  [1, 2 - a ]benz imidazo l -4  -one 
s t r u c t u r e  [12, 13]. 
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b a s e s  on amide  VIb evidently leads to the fo rmat ion  of m e s o m e r i c  anion IX and consequently to an inc rease  in 
the nucleophi l ic i ty  of  the r ing  ni t rogen atom, as a consequence of which the ra te  of  cyeloaddition inc reases .  
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The acylat ion of 2 -aminopyr id ine  II with cirmamoyl chlor ide IIIa in the p re sence  of pyridine p roceeds  
smooth ly  at - 1 0  to 0~ and leads to amide Xa, which was conver ted  to py r imid in -2 -one  XI by ref luxing in an 
alcohol solution of pyr id ine .  The reac t ion  of amine II with acid chlor ides  IIIb,c in acetone leads to the format ion  
of oily acyl ium sa l t s ;  amides ,  Xb,e,  which were  conver ted  to 4 -pheny l -2H-pyr ido[1 ,2 -a ]pyr imid in -2 -one  (XII) by 
the act ion of sodium ethoxide in alcohol,  a re  fo rmed  in the p r e sence  of pyridine at - 70~ Amide Xb can be 
r ead i ly  conver ted to XII also by ref luxing in alcohol.  

The acylat ion of amine II with acid ch lor ides  IIIb,o, gives ,  in addition to amides  Xb, c, smal l  amounts of 
r ed  oi ly compounds,  to which d iacyl ium der iva t ive  s t r u c t u r e s  XIIb,c can be ass igned on the bas i s  of the IR 
s p e c t r a  and the r e s u l t s  of e l e m e n t a r y  ana lys i s .  We were  unable to synthes ize  them by acylat ion of amides  Xb, 
c With acid chlor ides  IIIb, c because  of r e s in i f i ca t i ouo f the  reac t ion  mix ture .  

t • , , / •  It s C~II~ 

I I 
coR c01~ 

l a -c  Xl Xtl Xl lib. c KI V a - c  

X, XIV a R =CH=CHCGtlS; X, xl I I .  XIV b R =C~CC6Hs; C R-CBr~CHC6H ~ 

Amines  I and II a re  acylated m o s t  smoothly  by acy lpyr id in ium sa l t s  XIV, which can be obtained conve -  
n i e n t l y b e f o r e h a n d f r o m p y r i d i n e  and the cor responding  acid chloride in acetone at -70~  A cylpyr id inium sa l t s  
XIV a re  quite s table  c rys ta l l ine  compounds,  but they are  r ead i ly  hydre lyzed  by a i r  mois tu re ,  and this makes  it 
difficult  to use  them.  

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

The IR s p e c t r a  of ch lo ro fo rm solutions of the compounds were  r eco rded  with a UR-20 s p e c t r o m e t e r .  The 
phys ica l  constants ,  y ie lds ,  and c h a r a c t e r i s t i c s  of  the synthes ized  compounds are  p resen ted  in Table 1. 

2 - A m i n o - 3 - a c y l - l - m e t h y l b e n z i m i d a z o l i u m  Chlor ides  (IVa,b). A solution of 0.01 mole of  acid chloride IIIa 
or  IIIb in 10 ml  of  acetone was added with s t i r r i ng  at 10-15~ to a solution of 1.47 g (10 mmole)  of  I in 20 ml  of 
acetone.  After  1 h, the p rec ip i t a te  was r emoved  by f i l t ra t ion,  washed with acetone and d ry  e ther ,  and dried in 
a vacuum des i cca to r  ove r  ca lc ium chloride to give co lo r l e s s  c r y s t a l s  that  are  soluble in ch lo ro fo rm and alcohol 
and a r e  r ead i ly  hydrolyzed by a i r  mo i s tu re .  
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TABLE I. 
pounds 

Com- 

pound 

IVa'f 
IVbl" 

Va 
Vla 
Vlb 

VIc'~ 
VII 
VIII 
~a 
Xb 

xi 
Xli~ 

XtlI'b 

XIIIbt 

Phys ica l  Constants  and Yields of the Synthesized Com-  

mp, "C 

150 
170 
93 

160 
117~118 
173--174 
170--171 

222 
113--115 
82--83 
97--98 

140--141 
127--129 
156--158 

144--145 

Found, ~o t 
c H N Empirical formula 

55,0 5,4 
55,3] 4,7 
73,715,1 
74,01 5,2 
74,315,0 
57,71 4,3 
73,91 5,7 
74,41 5,t 
75,0 / 5,4 
75,2] 4,7 
55,8 / 4.0 
75.41 5,7 
75,4~ 4,8 
60,6] 25 
47,3] 2,9 

13,6 
13.6 I 
15,0] 
14,9 / 
15,6~ 
15,2! 
15,0 
15,1! 
12,3 
12,3 
9,4 

12,6 
12,8 
12,0 
9,7 

C~TH~6CINaO 
CI7HI4C1NsO 
CtvHtsN30 
C~H~sN~O 
C~7H~3NzO' 
C17H~4BrNsO 
C~7H~sN~O 
CtrH~sNsO 
C~H~2N~O 
CI4HIoN2O 
C~HuBrN~O 
Ct4HI~N~O 
C~4HtoN~O 

[:IR spec- Calc.. ~o Ittum, 
I cm-1* 

I ~ 

C2~H~N202. C6H3N3Ov 

C2aHI6Br2N202 X 
X C6H3N 3Or 

i65.2 5,11 13,4 
65,614.51 13,5 I 
73,615.4115,21 
73,6 / 5,41 15,2 / 
74,214,7[ 15,2 ! 

57,313,9 14.9 / 
173,6 / 5,41 15,2 I 
74,2 / 4,7115,2 I 
75,0/5,4 / 12,41 
75,614,6 / 12,6] 
55,513,6 / 75,oj 5,4/1 : 1 

175,6/4,6/12,6 I 
t60'212'91 12,11 
/.t7,0I 2,6! 9,~ 

[715 -- 
t720 / 
1700 ] i~, 
t680 / ;42J 
68o / ;42{ 
1675 / ;42~ 
t6251 
t615t 
[680J 1411 
16701 t40~ 
1680 / t39~ 
1630| 
1640| 
1630,1 
1700| 
165o,I 
!710| 

80 
9l 
88 
71 
88 
76 
86 
94 
91 
81 
87 
83 
57 
5 

* Bands in the IR spec t ra :  IVa 3373 (vNH 2) and 1672 (eNH_); IVb 
3355 (i)NH 2) and 1655 (~NH2) IVb and VIb 2210 (C =C);  Xb ~md XIIIb 
2200 (C =-C). 
tHalogen found (calculated) in percent :  IVa C1 11.5 (11.2); IVb C1 
11.5 (11.3); VIc Br 22.1 (22.5); Xc Br  25.9 (26.3); XIIIe Br 21.3 (21.6). 

2 - I m i n o - 3 - c i m a a m o y l - l - m e t h y l b e n z i m i d a z o l i n e  (Va). A 0.2-g(2 mmole)  sample  of dry  t r i e thy lamine  was 
added with v igorous  s t i r r i ng  at 10-15~ to a suspens ion of 0.3 g (10 mmole)  of IVa in 15 ml  of-dry aee toni t r i le .  
The resu l t ing  br ight -yel low c ry s t a l s  of imtne Va were  r emoved  by f i l t rat ion,  washed with acetoni t r i le ,  dr ied 
over  phosphorus  pentoxide, and c rys ta l l i zed  f r o m  benzene and pe t ro l eum e ther .  

Cirmamic Acid 1 -Me thy l -2 -benz imidazo ly l - and  2-I~r  (Via and Xa). A 3.3 g (20 mmole)  sample  �9 
of  acid chlor ide IIIa  was added dropwise  with s t i r r i ng  at -10~  to a solution of 2.9 g (20 mmole)  of amine I o r  
1.9 g (20 mmole)  of  K and 1.6 ml  (20 mmole)  of pyr idine in a mix tu re  of 5 ml  of t e t r ahydro fu ran  (THF) and 10 
ml  of acetone,  and the mix tu re  was s t i r r e d  for 40 rain. The solvent  was then r emoved  by dis2illation, and 5 ml  
of wa te r  was added to the r e s idue .  The resu l t ing  prec ip i ta te  was r emoved  by f i l t ra t ion and washed with wate r .  
The products  were  obtained as co lo r l e s s  needles  ( f rom alcohol). 

47Phenyl -3 ,4 -d ihydro-2 t I -pyr imido[1 ,2 -a ]benz imidaz01-2-one  (VII) and 4 - P h e n y l - 3 , 4 - d i h y d r o - 2 H - p y r i d o -  
[1 ,2-a ]pyr imid in-2-one  (XI). A solution of 2.7 g (10 mmole)  of  Via in 10 ml  of  ethanol or  of 2.1 g (10 mmole)  of 
Xa in 7 ml  of  ethanol was ref luxed for 6-8 h with 1 ml  of pyridine,  a f t e r  which the mix ture  was cooled and 
poured into 50 ml  of water .  The prec ip i ta te  was r emoved  by f i l t ra t ion  and c rys ta l l i zed  f r o m  ethanol to give the 
products  in the f o r m  of co lo r l e s s  p r i s m s .  

Phenylpropiol ic  and c~-Bromocinnamic Acid 1 -Methy l -2 -benz imidazo ly lamides  (VIb,c) . .A solution of 10 
mmole  of acid chloride IIIb or  IIIc in 2 ml  of THF was added dropwise  at -70~ to a solution of 1.47 g (10 
mmole)  of amine I and 0.8 ml  (10 mmole)  of pyridine in 10 ml  of d ry  THF, and the mix tu re  was s t i r r ed  for 30 
rain. It  was then allowed to stand at r o o m  t e m p e r a t u r e  for  3 h, a f te r  which it was poured into 30 ml  of water .  
The resu l t ing  prec ip i ta te  was r em oved  by f i l t ra t ion and washed with wate r .  The co lo r l e s s  needles  ( f rom a lco-  
hod were  soluble in acetone and ch lo roform.  

4 -Pheny l -10 -m e t hy l -2 t I -py r i m i do [1 ,2 - a ]b enz imfdazo l , 2 -one  (VIII). A) A mix ture  of a solution of 10 
mmole  of sodium ethoxide in 5 ml  of absolute alcohol and 1.9 g (70 mmole)  of amide VIb or  1.2 g (35 mmole)  of 
amide Vie was ref luxed for  30 rain, a f te r  which it was cooled, and the resu l t ing  prec ip i ta te  was r emoved  by fil-  
t r a t ion  and washed with alcohol.  The product  was obtained in 83% yield.  

B) A solution of 1.47 g (10 mmole)  of I in 10 ml  of d ry  pyr id ine  was added dropwise  with s t i r r ing  at -10"C 
to a solution of 1.64 g (10 mmole)  of acid chlor ide IIIb in 2 m l  of T t t F ,  and the mix tu re  was s t i r r ed  at -10~ for 
20 min and allowed to stand at r o o m  t e m p e r a t u r e  for 6 h. It  was then t r ea t ed  with wa te r  (50 ml), and the p r e -  
cipi tate  was r e m o v e d  by f i l t ra t ion and worked up to give VIII in 94% yield.  

_Phenylpropiolic and ~ - B r o m o c i n n a m i c  Acid 2 - P y r i d y l a m t d e s  (Xb,c). A) A solution of 10 mmole  of acid 
chlor ide IIIb or  IIIe in 2 ml  of THF was added dropwise  with s t i r r i ng  at -70~  to a solution of 0.94 g (10 mmole)  
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of amine II in 5 ml of THF and 0.8 ml of pyridinel after which the mixture was s t i r red  for 25 rain. The cooling 
bath was then removed, and the mixture was allowed to stand at room temperature for a certain length of time. 
It was then poured into 30 ml of water, and the resulting oil was separated and tr i turated with 20 ml of water. 
The resulting crystals  were dried in a desiccator over phosphorus pentoxide and tri turated with 40 ml of ether. 
They were then removed by filtration to give 1.68 g (76%) of Xb and 2.63 g (87%) of Xc as colorless prisms 
(from alcohol). The ether extract  was evaporated and ehromatographed With a column filled with aluminum 
oxide (elution with ether).  The residue contained 0.17 g (4.8%) of XIIb (as a viscous red oil) or 0.2 g (4%) of 
XHc (red crystals) .  

B) A 1.64 g (10 mmole) sample of acid chloride IIIa was added at -70~C to a solution of 0.8 ml (10 mmole) 
of pyridine in 5 ml of dry acetone, and the precipitated acylpyridinium salt XIVb was removed by filtration and 
added to a cooled (to - 70~ solution of 0.94 g (10 mmole) of amine II in 3 ml of acetone. The mixture was 
s t i r red at -70~ for 20 rain and at 0~ for 1 h, after which it was diluted with water and filtered to give 1.8 g 
(81%) of Xb. 

4-Phenyl-2H-pyrido[1,2-a]pyrimidin-2-one (XI). A) A solution of 2.2 g (10 mmole) of amide Xb in 7 ml 
of alcohol was r~fluxed for 8 h, after which it was cooled, and the precipitate was removed by filtration and 
washed with ether.  The product was obtained as colorless needles (from alcohol). 

B) This compound was also obtained in 73% yield from Xc by the procedure used to obtain VIII (by method 
A). 
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