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A one-s tep  method was  developed for  the p repa ra t ion  of 2 -oxo-1 ,2 ,3 ,4 - t e t r ahydropyr imido[1 ,2 -  
a ]benzimidazole  and i ts  3 -methy l ,  4 -methy l ,  4 ,4 -d imethyl ,  and 4-phenyl  de r iva t ives  by heat ing 
2 -ca rbomethoxyaminobenz imidazo le  with ac ry l i c ,  m e t h a c r y l i c ,  c rotonic ,  and cirmamic acids  at 
140-200~ A poss ib le  scheme fo r  the fo rma t ion  of the indicated compounds is p resen ted .  

I t  i s  known that  benz imidazole  and i ts  subst i tuted de r iva t ives  [1] read i ly  add to ac ry lon i t r i l e  in the p r e s -  
ence of t r i e thy lbenzy lammonium oxide hydra te  to give N-f l -cyanoethyl  de r iva t ives .  We have  prev ious ly  [2] 
shown the poss ib i l i ty  of the addition of benz imidazole  and i ts  2 - m e t h y l -  and phenyl -subs t i tu ted  de r iva t ives  to 
ac ry l i c  and me thac ry l i c  ac ids .  In th is  case  N-f l -carboxya lky l  de r iva t ives  of benz imidazole  we re  obtained. 

Condensat ions of 2 -ca rbomethoxyaminobenz imidazo le  (I) with ~ ~ - u n s a t u r a t e d  acids  a r e  unknown in the 
l i t e r a tu r e .  At the s ame  t ime ,  the p r e p a r a t i o n  of these  compounds is  of definite in t e res t ,  s ince it is  known [3, 
4] that  amine  I i t se l f  and 1 -bu ty l ca rbamoy l -2 -ca rbome thoxyaminobenz imidazo le  (H, benleit) a r e  broad  spec-  
t r u m  fungicide s.  

With th is  in mind,  we studied the reac t ions  of amine  I with ac ry l i c ,  me thac ry l i c ,  c rotonic ,  f l , f l -dimethyl-  
ac ry l i c ,  and c innamic  ac ids .  

We expected  that  the products  of the reac t ion  of amine  I with ~ , f l -unsatura ted ac ids  would be 1 - ( f l - ca r -  
boxya lky l ) -2 -ca rbomethoxyaminobenz imidazo les  - new analogs of benlei t  - which could be fo rmed  as a r e su l t  
of the addition o f  amine I to the ~ ~ - u n s a t u r a t e d  acid.  

However ,  when we heated  amine  I with ac ry l i c  acid in a ra t io  of 1 : 2.34 at 140-180~ fo r  2 h, we obtained 
a mix tu re  of 2 -oxo- l , 2 ,3 ,4 - t e t r ahydropyr imido[1 ,2 -a ]benz imidazo le  ac ry l a t e  (V) and 1 - ( f l - ca rboxypropy l ) ,2 -  
oxo-1 ,2 ,3 ,4 - t e t r ahydropyr imido[1 ,2 -a ]benz imidazo le  (VI), with p redominance  of the l a t t e r .  

[r~'-~___n..cr r:c. r~coo. ? 

~]~'L"-N~N II CO0 C H } L ~L~.~'-N-~ n fl COOCH~ J 
III 

1 

I ' I 

, . 

CR R,=CR:CO011 

I V  u Vl 

IV. V R=RI=R2=R:~=H; VI R=RI=R2=II. Rs=--CH2CH~COOil; VII R=R~=R~=tJ, 
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The f i r s t  s tep in the reac t ion  i s  evidently the addition of amine I to ac ry l i c  acid to give in t e rmed ia te  1-  
( /~-carboxypropyl ) -2-carbomethoxyaminobenz imidazole  (HI), which is  read i ly  conver ted  to 2 - o x o - l , 2 , 3 , 4 - t e t r a -  
hydropyr imido[1 ,2-a ]benz imidazo le  (IV) (owing to the fo rmat ion  of a s table s i x - m e m b e r e d  ring).  
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When the react ion of amine I with acryl ic  acid in a rat io of 1 : 1 is ca r r i ed  out in solvents such as pyridine 
and dimethylformamide (DMF), only 2-oxo- l ,2 ,3 ,4- te t rahydropyr imido[1 ,2-a ]benz imidazole  (IV) is formed;  as 
seen f rom the data in Table 1, the yield is h igher  in the case of DMF than in the case of pyridine.  

The s t ruc ture  of IV was proved by its d i rec t  prepara t ion  f rom 2-aminobenzimidazole  and acryl ic  acid 
under the conditions descr ibed  above and also f rom the sodium salt of amine I and f l-chloropropionic acid in 
DMF and was confirmed by I1R, PM1R, and mass  spectroscopic  data and the resu l t s  of e lementary analysis.  

We studied some of the t rans format ions  of 2-oxo- l ,2 ,3 ,4- te t rahydropyr imido[1 ,2-a]benz imidazole  (IV). 
Brief  heating of IV with acryl ic  acid gave 2-oxo-1 ,2 ,3 ,4- te t rahydropyr imido[1 ,2-a]benzimidazole  acrylate  (V), 
which on more  prolonged heating is converted to 1- ( /3-carboxypropyl)-2-oxo-1,2 ,3 ,4- te t rahydropyrimido[1,2-a]-  
benzimidazole  (VI). 

Compound VI can be obtained without isolation of acryla te  V by heating product  IV with excess  acryl ic  
acid at 110~ for  2 h. The IR spec t rum of IV contains an absorption band of an amide carbonyl  group at 1640- 
1695 (amide I) and 1520, 1580 cm -1 (amide II). 

The most  intense peaks in the mass  spec t rum of react ion product  IV are the ion peaks with m / e  131 and 
133, which are  fo rmed as a resul t  of elimination of a -CH2CH2CO group. The ion peak with m / e  133 is formed 
by capture  of two protons.  This f ragmentat ion scheme is charac te r i s t i c  for  compounds of the general  formula  

R R e 

o , and the principal  pathways of the f ragmentat ion of the moleeular  ion of these substances are  
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M + 187 R=RI=R2=R3=I I ;  201 R=Ctla, RI=R~=Ra=H;  201 R=RI=Ra=H, R2=CHa; 
215 R=RI=CHa,  R2=Ra=tI;  263 R=C6Hs, RI=R2=Ra=H;  259 R=RI=R2=H,  

R a = CH2CHaCOOH 

In the PMR spec t rum of IV the protons of the aromat ic  ring appear  in the fo rm of a singlet at 7.15 ppm, 
the tr iplet  at 4.15 ppm cor responds  to the protons  of the - C H 2 - C  = O group, and the t r iplet  at 2.9 ppm c o r r e -  

I 
sponds to the methylene protons  of the - N - C H  2 -  group. 

The s t ruc ture  of V was proved by its synthesis f rom IV and acry l ic  acid and was confirmed by the mass  
spec t romet r i c  data and the resul ts  of e lementary  analysis .  The most  intense peak in the mass  spectrum of 
this compound is the ion peak with m / e  133 and the molecular  ion peak of acryl ic  acid with m / e  72. 

The s t ruc ture  of VI was proved by its synthesis  f rom 2-oxo- l ,2 ,3 ,4- te t rahydropyr imido[1 ,2-a ]benz imida-  
zole (IV) and ac ry l i c  acid and was confirmed by the PM1R and mass  spect roscopic  data and the resul ts  of ele-  
mentary  analysis .  In the PM1R spec t rum of VI the protons  of the methylene group attached to the carbonyl 
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TABLE 1. 

"~ Found, % [ 
o *C a ~ 1  Empirical 

formula 

L~ 

IV b 
IVr 

V 
VI 
VI 

VII 
VII 
VII 
VII 

VIII 
VIII 
VIII 

IX 
X 

acid per eae- 

~tarting 2- ~ ,  mp, 
carbometh- 
oxyamhm- 
ber~im- 
dazole 

1 6 
1 2 
2.34 2 
2.34 2 
2,34 5 
2 2 
l 2 
1,17 1.30' 
1.17 
1,17 2 
1,17 2 
1 5 
1,17 2 
1,17 2 

Charac te r i s t i c s  of the Compounds Obtained 

talc, % ($ys'----:- [ o" 
- - - -  ,~em of [~  

t [ solvents I~ 

26~)--261 63.914.9 22,8 CIoHgN,O 
63.9] 4.9 22.8 

216--217 60,4[4,8 16,C CI3HI3N30~ 
1245--2:6 60.514.7 15,8 

60.514,7 15.8 C,I~[,,N30 260--262[ 65,3 / 5,6 20,8 

65,315.6 20,8 . . . .  
65,31 5,6 20,8 
65,8 / 5,7 20,5 
65,8[ 5,7 20,5 
65,815.7 20,fi 
66,715 7 19,~ CI2H,zN30 
72,7[ 417 15.5 CIe[-II3N30 

64.114,8122,91 44 
64.t] 4.8[ 22.91 18 
60.2l 5,0l 16.2[ 25 
60,2[ 5,01 16,21 0~ d 54 
60.215.01 16,21 " 79 
65.615.5120,41 0,47 e 17 
65,615.5120,41 75 
65,6] 5,5] 20.4] 62 
65,6] 5.5[ 20,4] 82 
65,615,5120,41:0,5'�89 89 
65,615,5120,4 / 97 
65,6] 5,5120,4 / 75 
66,916.0t 19,5/ ~,a6~ 33 
72,9[4,91 15,9[ 0,34f 93 

aCrysta l l izat ion solvents: alcohol for  IV and VI-X, water  fo r  V. 
bThe react ion was ca r r i ed  out in DMF at 150-155~ CThe r eac -  
tion was ca r r i ed  out in pyridine at 120-125~ dMethanol -benzene  
(5 : 0.3). eMethanol -benzene  (0.5 : 3.1). fMethanol -benzene  (0.8 : 4). 

group (the a -me thy l ene  protons) appear  in the fo rm of a t r iplet  at 2.61-2.80 ppm, while the protons of the/3- 
methylene group (with r e spec t  to the carboxyl  group) appear  at 2.82-3.11 ppm~ In view of their  equivalence, 
the protons of the two endocyclic methylene groups appear in the fo rm of a mul t ip le t  at 3.95-4A2 ppm. The 
aromat ic  r ing protons  give a singlet at 7.2 ppm. 

The pr incipal  peaks in the m a s s  spectrttm of this compound (see the scheme above) a re  the molecular  
ion peak M* with m / e  259 and the ion peaks with m / e  72 ,131,  and 133, the format ion of which is confirmed by 
the p resence  of the corresponding metas table  peaks.  

2 -Oxo-3-methy l - l ,2 ,3 ,4 - te t rahydropyr imido[1 ,2-a ]benz imidazo le  (VII) is formed in 82% yield when amine 
I is heated with methacry l ic  acid in a rat io of 1 : 1 at 140-180~ The yield of VII depends on the heating t ime. 
Thus VH is obtained in 62% yield when the mixture is heated for  1.5 h, whereas  it is obtained in 82% yield when 
the mixture is heated for  5 h (see Table 1). 

When amine I is heated with crotonic, /3~3-dimethylacryl ic ,  and cinnamic acids under conditions s imi lar  
to those for  me thac ry l i c  acid, 4 -me thy l -2 -oxo-  (VIII), 4 ,4 -d imethyl -2-oxo-  (IX), and 4-phenyl -2-oxo-1 ,2 ,3 ,4-  
te t rahydropyr imido[1 ,2-a]benzimidazole ,  respect ively ,  are  obtained. 

It is  apparent  f rom the data in Table 1 that the yield of the react ion product  in the case  of/3,/3-dimethyl- 
acry l ic  acid is considerably lower than in the case of crotonic and cinnamic acids; this is probably associated 
with s ter ic  hindrance crea ted  by two methyl groups attached to the te rmina l  carbon atom. 

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

The m a s s  spect ra  were  obtained with an MKh-1303 spec t romete r  with a sys tem for  d i rec t  introduction 
of the sample's into the ion source .  The ionizing voltage was 3.4 kV, and the t empera tu re  was 120-150~ The 
PMR spect ra  of t r i f luoroace t ic  acid solutions of the compounds were recorded  with a JNM-44-100 spec t rom-  
e ter  with te t ramethyls i lane  as the standard (6 scale).  The IR spec t ra  of KBr pellets  of the compounds were  
recorded  with a UR- t0  spec t romete r .  

2 -Oxo- l ,2 ,3 ,4- te t rahydropyr imido[1 ,2-a]benz imidazole  (IV). A) A mixture of 1.91 g (0.01 mole) of amine 
I,  0.72 g (0.01 mole) of acry l ic  acid, and 35 ml  of DMF was refluxed for  6 h, af ter  which ether  was added, and 
the mixture was worked up to give 0.84 g (44%) of a product with mp 260-261~ 

B) A mixture  of 0.95 g (0.005 mole) of amine I, 0.36 g (0.005 mole} of acryl ic  acid, and 10 ml of pyridine 
was refluxed fo r  2 h. The insoluble mate r ia l  was separated,  and the pyridine was removed f rom the fi l trate.  
The residue was c rys ta l l ized  f rom alcohol to ~ v e  0.17 g (18.2%) of IV with mp 260-261~ 
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C) A mix tu re  of 1.33 g (0.Ol mole) of 2 -aminobenz imidazo le ,  0.72 g (0.01 mole) of ac ry l i c  acid,  and 35 
ml  of DMF was  ref luxed f o r  6 h, a f t e r  which e the r  was  added, and the mix tu re  was worked up to give 0.84 g 
(44%7 of IV with mp 260-261~ 

D) A solution of sodium methoxide was p r e p a r e d  f r o m  0.23 g (0.01 g-a tom)  of sodium me ta l  and 20 ml  
of absolute methanol ,  and 1.91 g (0.01 mole) of amine  I and 40 ml  of absolute DMF were  added to it. A 1.08-g 
(0.01 mole) s ample  of f l -chloropropionic  acid was added to the resu l t ing  suspension,  and the m i x ,  re  was 
s t i r r e d  at r o o m  t e m p e r a t u r e  fo r  2 h, a f t e r  which it  was  heated  on a bo i l ing -wa te r  bath fo r  2 h. The insoluble 
m a t e r i a l  was s epa ra t ed ,  and the solvent  was r emoved  f r o m  the f i l t r a te .  The  res idue  was c rys ta l l i zed  f r o m  
alcohol to give 0.1 g (5.8%7 of IV with mp 260-261~ 

1-(fi-C a rboxypropy l ) -2 -oxo-1 ,2 ,3 ,4 - t e t r ahydropyr imido[1 ,2 -a ]  benz imidazole  (VI). A) A mix tu re  of ! .63 
g (0.0085 mole) of amine  I and 1.44 g (0.012 mole) of ac ry l i c  acid was  heated at  140-190~ fo r  2 h, a f te r  which 
i t  was cooled,  and the p rec ip i t a t ed  reac t ion  product  was c rys t a l l i zed  f r o m  alcohol to give 1.2 g (54.5%7 of VI 
with mp  245-246~ 

B) A 0.25-g (0.001 mole) sample  of ac ry l a t e  V was  heated  at 110~ fo r  2 h, and t h e m i x t u r e  was worked 
up to give 0.25 g (100%7 of VI with mp 245-246~ 

2 -Oxo- l , 2 ,3 ,4 - t e t r ahyd ropyr imido l [1 ,2 -a ]benz imidazo le  Acry la te  (V). A) A mix tu re  of 1.63 g (0.0085 
mole) of amine  I and 1.44 g {0.012 mole) of ac ry l i c  acid was hea ted  at  140-190~ fo r  2 h, a f t e r  which it  was  
cooled,  and the reac t ion  product  was c rys t a l l i zed  f r o m  alcohol to give 1.2 g (54.5%7 of VI with mp 245-246~ 
The f i l t r a te  a f t e r  separa t ion  of the c r y s t a l s  of VI was evapora ted  to d rynes s ,  and the res idue  was c rys t a l l i zed  
f r o m  wa te r  to give 0.56 g (25.4%) of c o l o r l e s s  ae i eu la r  c r y s t a l s  of ac ry la t e  V with mp 216-217~ 

B) A 0.18-g (0.001 mole) sample  of IV was  mixed  with 0.72 g (0.01 mole) of ac ry l i c  acid,  and the mix tu re  
was heated to 100~ It was then allowed to stand at r oom t e m p e r a t u r e  overnight .  The reac t ion  product  was 
conver ted  to a white r e s idue  upon t r e a t m e n t  with acetone.  The res idue  was then f i l te red  and c rys ta l l i zed  f rom 
wa te r  to give 0.2 g (80%) of ac ry la t e  V with mp 216-217~ 

3 -Me thy l -2 -oxo - l , 2 , 3 ,4 - t e t r ahyd ropy r imido [1 ,2 - a ]benz imidazo l e  (VH). A mix tu re  of 1.63 g (0.0085 mole) 
of amine  I and 0.86 g (0.01 mole) of me thac ry l i c  acid was heated at 140-180~ for  2 h. The obtained reac t ion  
product  was c rys t a l l i zed  f r o m  alcohol to give 1.3 g (82%) of VII with mp 260-262~ 

4 - M e t h y l - 2 - o x o - l , 2 , 3 , 4 - t e t r a h y d r o p y r i m i d o [ 1 , 2 - a ] b e n z i m i d a z o l e  (VIII). React ion of 1.63 g (0.0085 mole) 
of amine  I ,  0.86 g (0.01 mole) of crotonic  acid under  the conditions desc r ibed  fo r  VII gave 1.43 g (89.3%7 of 
VIII with mp 256-257~ IR spect rum:  1690 and 1580 c m  -1. Mass  spectrum: M* 201, m / e  131, 133. 

4 ,4 -Dime thy l -2 -oxo -1 ,2 ,3 ,4 - t e t r ahyd ropyr imido [1 ,2 -a ]benz imidazo le  (IX). A mix tu re  of 1.63 g (0.0085 
mole) of amine  I and 1.0 g (0.01 mole) of f l ~ - d i m e t h y l a c r y l i c  acid was heated at 150-200~ fo r  2 h, a f t e r  which 
the product  was  ex t rac ted  with DMF and prec ip i t a ted  by the addition of e the r  to give 0.6 g (33.3%) of IX with 
mp 244-246~ Mass  spect rum:  M* 215, peaks  with m / e  1 5 , 1 3 1 , 1 3 3 .  PMR spec t rum:  s ix -p ro ton  singlet  at 
1.56, CH 2 s ingle t  at  2.9 ppm,  and singlet  of a roma t i c  pro tons  at 7.35 ppm.  

4 - P h e n y l - 2 - o x o - l , 2 , 3 , 4 - t e t r a h y d r o p y r i m i d o [ 1 , 2 - a ] b e n z i m i d a z o l e  iX). React ion of 1.63 g (0.0085 mole) 
of amine  I and 1.48 g (0.01 mole) of c innamic acid under  the conditions desc r ibed  fo r  IX gave  1.96 g (93.3%7 of 
X with mp 289-290~ Mass  spec t rum:  M* 263, peaks  with m / e  131 and 133. PMR spect rum:  CH 2 protons  at 
3 .1-3.4 ,  methyl idyne pro ton  at  5 .5-5.8,  and a r o m a t i c  pro tons  at 7.0-7.4 ppm.  

I. 
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