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Abstract- 1,2-Diaminobenzimidazoles react with malonic and B-ethoxymethylenemalonic 

acid derivatives to give pyrimido[l,2-o]benzimidazole derivatives. 

Cycliration reactions of 1,2-diaminobenrimidazoles with B-dielectrophile reagents afforfed srven- 

1 or six-membered rings. In a previous work we have shown that condensation with B-diketones and B -  

keto esters is a good synthetic procedure to obtain 1,2,4-triazepino[2,3-a]benzimidarole derivatives 

Here we report the chemical behaviour of 1.2-diaminobenzimidazoles 1 against malonic and6-ethoxy- 

methylenemalonic acid derivatives. 

The results obtained in the reaction of iwith diethyl ethoxymethylenemalonate and ethyl ethoxyme- 

thylenecyanoacetate are sumarized in Scheme 1. 

Scheme 1 
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Table 1: 'H N m r  d a t a  o f  compounds 1-6 ( E va lues ,  TMS as i n t e r n a l  r e f e r e n c e ) .  

Compound S o l v e n t  N-NH2 C-NH2 Aromat i c  P ro tons  Other  S i g n i f i c a t i v e  
Pro tons  

7.15(s, lH)  and 7.35 
(s , lH)  (H4 and H7) 

7:13(s, lH) and 7 .21  
(s , lH)  (H4 and H7) 

2.20(s,3H) and 2.31 
(s,3H) (Me5 and Me61 
8.73(d,J=13.5Hr,lH, 
N-CH=C) 
11.21(d,J=13.5Hz, 
lH,NH) 

8.65(d,J-13Hz,lH, 
N-CH=C) 
11.35(broad 
s i g n a l  ,lH,NH) 

2.29(s,3H) and 2.31 
(s,3H) (Me5 and Me6) 
8.8l(s,lH,N-CH-C) 

2.38(s,3H) and (2 .39 )  
(s,3H) (Me7 and Me81 
8.69(s,lH,H2) 

2.35(s,3H) and 2.39 
(s,3H) (Me7 and Me8) 
8.98(s,lH,H2) 

9.66(broad 
s i g n a l  ,lH,NH) 

Hea t ing  a t  95OC l e d  t o  good y i e l d s  o f  monocondensation p roduc ts  2a-b and x, which  were t h e r m a l l y  

c y c l i z e d  t o  t h e  co r respond ing  py r im ido [ l ,2 -a ]  benz im idaro les  4a-b and 5a-b r e s p e c t i v e l y .  When t h e  
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condensation r eac t i on  was c a r r i e d  ou t  a t  h igher  temperatures (160°c), m ix tu res  of the monocondensa- 

t i o n  products 2 ( o r  2) and the  c y c l i z e d  d e r i v a t i v e s  4 ( o r  5) were obtained together  w i t h  smal l  

amounts of the  double-condensation products 6. It i s  i n t e r e s t i n g  t o  remark tha t ,  due t o  the greater  

r e a c t i v i t y  o f  e t hy l  ethoxymethylenecyanoacetate, i s o l a t i o n  of the  intermediates 3a-b r equ i r ed  a 

s t r i c t  con t ro l  o f  the r e a c t i o n  temperature, and t h a t  c y c l i z a t i o n  o f  2 and 3 t o  seven-membered r ings  

was here precluded. 

S t r uc tu ra l  assignment of  compounds 2-6 was mainly based on l ~ - n m r  data. As i t  i s  shown i n  Table 1, 

the resonances of H6 protons i n  compounds 4-6 appear a t  lower f i e l d  values than those f o r  H7-H9; 

t h i s  can be a t t r i b u t e d  t o  the  known paramagnetic an i so t r op i c  e f f e c t  o f  the carbonyl o r  imino groups 

a t  ~ 4 . ~ 4  

Assignment of compounds 2 and 3 requ i red  t o  determine the  p o s i t i o n  of  the  f ree NH2 groups. The con- 

c l u s i o n  t h a t  the  f r e e  NH2 groups a re  placed on the  C2 p o s i t i o n  of  the benzimidazole system ra ther  

than on N1 p o s i t i o n  a r r i v e d  by us ing  two d i f f e r e n t  c r i t e r i a .  I n  t h e  f i r s t  p lace,  previous works on 

7 the  r eac t i ons  o f  1,2-diaminobenzimidazoles w i t h  0 -ke to  esters1 and aldehydes have proved t h a t  the 

i n i t i a l  n u c l e o p h i l l i c  a t t ack  occurs on the N-NH2 group l eav i ng  a f ree NH2 group on C2.  This 

c r i t e r i o n  i s  supported by a comparison of the  NH2 resonance values of compounds 2 and 3 w i t h  those 

o f  a ser ies  of r e l a t e d  2-amino and 1,2-diaminobencimidarole systems (Table 1 ) .  

Scheme 2 



I n  accordance w i t h  the  proposed s t ruc tu res  f o r  compounds 2 and 3 and w i t h  the  f a c t  t ha t ,  ne i t he r  

i n  the  reac t ions  described i n  t h i s  paper nor i n  previous condensations o f  1,2-diaminobenzimidazoles, 

d i r e c t  format ion of s-triarolo[2,3-o]benzimidazol de r i va t i ves  has been observed (Scheme 2 ) ,  

format ion o f  compounds 4 and 5 can be explained by assuming t h a t  c y c l i z a t i o n  i s  preceded by 

isomer iza t ion  o f  2 and 3 t o  the corresponding un iso la ted  isomers bear ing the R2 groups on the  C -  

amino moiety through an in t ramolecu lar  Michael r eac t i on  ( R ~ = E ~ O ~ C C R = C H - ,  Scheme 2 ) .  

To our knowledge, compounds and b a r e  the  f i r s t  known C4=NH f i x e d  tautomers o f  4-aminopyrimido- 

[1,2-n]benzimidazole systems, because on ly  reac t ions  o f  2-aminobenzimidarole and e thy l  cyanoacetate 

have been prev ious ly  reported.  The absence o f  a subs t i tuent  on N10 i n  these compounds exp la ins  

t h e i r  existence as C4-NH2 t a ~ t o m e r s . ~  

Condensation o f  1.2-diaminobenzimidaroles 1 w i t h  malonic es te r  de r i va t i ves  were performed using 

reac t i on  cond i t ions  prev ious ly  found8 t o  y i e l d  3-aryl-1,5-benzodiarepine-2.4-diones s t a r t i n g  from 

6-phenylenediamines. I n  t h i s  case, format ion of seven-membered r i n g  compounds was not  observed, - 

and compounds 7-9 were obtained ins tead (Scheme 3) .  The reac t ions  o f  1,2-diaminobenzimidazoles 1 

w i t h  subs t i t u ted  malonates gave very low y i e l d s  

9 ;  R' = P h ,  - 
R 2  =-C-CH-C02Et 

8 bh 
4 0 

10 ; R' = Ph, R 2 = - c  - ' H 

Scheme 3 

Although i n  t h i s  case the  N-acylamino monocondensation intermediates have no t  been iso la ted ,  

formation of compounds and 8 can be explained through a mechanism s i m i l a r  t o  t h a t  proposed f o r  

the  transformation of 2 and 3 i n t o  4 and 5, i n vo l v i ng  the  acy la t i on  of the  N-amino group, fo l lowed 

by isomer iza t ion  o f  the intermediates thus formed t o  t h e i r  C-acylamino isomers and c y c l i r a t i o n .  
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The t ransacy lac ion  r eac t i on  invo lved  i n  the N-amino + C-amino isomer iza t ion  i s  feas ib le ,  g iven 

the  unusual ly  h i g h  e l e c t r o p h i l l i c  character  t h a t  can be proposed f o r  the  carbonyl group o f  l - acy l -  

amino d e r i v a t i v e s  o f  1 on the bas is  o f  the  found value f o r  the  carbonyl  s t r e t ch i ng  v i b r a t i o n  

(1730 cm-I) i n  t h e  i r  spectrum o f  compound 10, prepared by f o rmy la t i on  of  8. 

Among t h e  th ree  poss i b l e  tautomers f o r  compounds 7-10 (A-C), s t r uc tu re  A i s  i n  accordance w i t h  

t h e i r  1~ nmr, ir and uv spectroscopic data. S t r uc tu re  type 2 i s  r e j ec ted  because of the absence o f  

s i gna l s  corresponding t o  the  H3 protons i n  the  IH nmr spectra of compounds 8-10, The downf ie ld  

chemical s h i f t  values found f o r  the  H6 protons conf i rms the C4 carbonyl  tautomer A and excludes 

(Table 2 ) .  

Table 2:  IH Nmr data o f  compounds 7-11 i n  OMSO-d6 ( 6 values, TMS as i n t e r n a l  re fe rence)  

Compound N-NH2 Aromatic Protons Other S i g n i f i c a t i v e  

Protons 

8ab 5.83 8.41 7.10-7.65 
(m,lH,H6) (m,9H,H7-H9,OH 

and Ph protons) 

gab -- 8.39 6.98-7.86 4.83 
(m,lH,H6) (m,14H,H7-H9,OH (s,lH,Et02C-Cph) 

and Ph protons) 

8.48 7.18-7.55 11.65 (s,lH,NH) 
(m,lH,H6) (m,9H,H7-H9,OH 8.57 (s,lH,NHCE) 

and Ph protons) 

1 laa  -- 8.55 6.90-8.00 12.00 (wide s igna l ,  
(m,lH,H6) (m,9H,H7-H9,OH lH,NH) 

and Ph protons) 

a 60 MHz; 200 MHz. 

The presence o f  a subs t i t uen t  i n  t h e  p o s i t i o n  N10 of  compounds 7-10 precludes the  fo rmat ion  o f  

tautomers bear ing a 10-10a double bond and there fo re  a l lows t h e i r  use as model compounds i n  the  



study o f  tautomerism of pyrimido[l,2-a]benzimidazol-4-one de r i va t i ves .  Thus, we re i nves t i ga ted  the  

r e a c t i o n  o f  2-aminobenzimidazole w i t h  d i e t h y l  phenylmalonate f o l l ow ing  the  procedure descr ibed by 

R i d i  and coworkers1° i n  o rder  t o  e s t a b l i s h  unambiguously the s t r uc tu res  o f  the  10-unsubst i tuted 

analogues o f  compounds 7-10, f o r  which con t rad i c t o r y  assignments have been reported.9310 On the  

bas i s  o f  the  IH nmr spectrum and uv absorp t ion  pa t t e rn  found f o r  the  product  thus  obtained,  which 

were s i m i l a r  t o  those o f  compounds 8, we propose s t r uc tu re  11 i ns tead o f  t h e  r epo r t ed  O.1° 

EXPERIMENTAI 

Ir spec t ra  were recorded on a Perkin-Elmer 577 spectrophotometer. A l l  compounds were compressed 

i n t o  KBr p e l l e t s .  'H Nmr spec t ra  were recorded on a Perkin-Elmer R24-B (60 MHz), a Brucker AC-LOOP 

(200 MHz), a Brucker WH 200-SY (200 MHz), and a Var ian VXR-300 (300 MHz). Uv spec t ra  were recorded 

on a Shimadzu UV-v is ib le  record ing  spectrophotometer UV-2100. The so lu t i ons  were i n  the  range o f  

concent ra t ion  of M. Me l t i ng  po in t s  are uncorrected and were measured on a Biichi c a p i l l a r y  

me l t i ng  p o i n t  apparatus. The syn thes is  of compounds la-b i s  a l ready reported.' '  

General procedure f o r  compounds 2, 3 and 6. 

A m i x tu re  of  1 mnol of the  corresponding 1.2-diaminobenzimidazole 1 and 3 m o l e s  o f  d i e t h y l  

ethoxymethylenemalonate o r  e t h y l  ethoxymethylenecyanoacetate was heated a t  95 OC w i t h  s t i r r i n g  f o r  

1 h. A f te r  coo l i ng  Et20 was added and the  s o l i d  p r e c i p i t a t e d  was c o l l e c t e d  by f i l t r a t i o n  and 

r e c r y s t a l l i z e d .  When the  same m ix tu re  o f  1.2-diaminobenzimidazole and e t h y l  ethoxymethylenecyano- 

ace ta te  was heated a t  160 OC, compounds g were obtained i n  low y i e l d s .  

2-Amino-1-(2',2'-diethoxycarbonylvyni1amino)benzimidazole, 5. 

Crys ta l s  from MeOH, 70 % y i e l d ,  mp 151-153 OC (dec) .  Ir; 3500-2700 (NH2, NH); 1685 (C02Et); 1620 

and 1590 (C=N, C=C) cm-l. Uv Amax MeOH ( l o g  c )  327, 261, 220 nm (4.88, 4.05, 4.59). Anal. Calcd 

f o r  C15H18N404; C, 56.59; H, 5.69; N, 17.60. Found: C, 56.60; H, 5.73; N, 17.68. 
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5,6-Dimethyl-2-amino-1-(2',2'-diethoxycarbonylvinylamino)benzimidazole, E, 
Crystals from EtOH, 73 % yield, mp 178-180 OC (dec). Ir: 3400-2700 (NH2, NH); 1695 (C02Et); 1595 

and 1540 (C=N, C=C) cm-l. Uv Amax MeOH (loge ) 335, 268, 218 nm (4.55, 3.98, 4.34). Anal. Calcd 

for C17H22N404: C, 58.94; H, 6.40; N, 16.17. Found: C, 58.71; H, 6.27; N, 16.45. 

2-Amino-1-(2'-cyano-2'-ethoxycarbonylvinylamino)benzimidazole, &. 

Crystals from EtOH, 84 % yield, mp 178-179 OC (dec). Ir: 3300 and 3185 (NH2 and NH); 2200 (CN); 

1685 (C02Et); 1630 and 1590 (C-N and C=C) cm-l. Uv Amax MeOH (log E ) 337, 219 nm (4.46, 4.21). 

Anal. Calcd for C13H13N502: C, 57.55; H, 4.83; N, 25.81. Found: C, 57.34; H, 4.58; N, 26.15. 

5,6-Dimethyl-2-amino-l-(2'-cyano-2'-ethoxycarbonylvinylamino)benzimidazole, 3. 

Crystals from EtOH, 77 % yield, mp 191-192 OC (dec). Ir: 3600-2700 (very complex broad absorption 

including NH2 and NH stretching vibrations); 2200 (CN); 1685 (COZEt); 1610 and 1550 (C=N and C=C) 

cmwl. Uv Amax MeOH (log E )  353, 268, 216 nm (4.64, 4.06, 4.80). Anal. Calcd for C15H17N502: 

C, 60.18; H, 5.72; N, 23.39. Found: C, 60.35; H, 5,57; N, 23.28. 

Ethyl 4-imino-10-(2'-cyano-2'-ethoxycarbonylvinylamino)pyrimido[1,2-a]benzimidazole-3-carboxylate, 

6a. - 

Crystals from MeOH, 13% yield,mp 201-202 OC (dec). Ir: 3340 and 3160 (wide absorption band =NH, 

NH); 2180 (CN); 1690 (C02Et); 1660, 1650 and 1620 (C-N, C=C) cm-l. Uv Amax MeOH (log E )  355, 281, 

258, 228 nm (4.21, 4.46, 4.48, 4.59). Anal. Calcd for C19H18N604: C, 57.71; H, 4.84; N, 21.20. 

Found: C, 57.86; H, 4.60; N, 21.31. 

Ethyl 7,8-dimethyl-4-imino-l0-(2'-cyano-21-ethoxyca~bonylvinylamino)pyrimido[l,2-a]benzimidazole- 

3-carboxylate, a. 
Crystals from EtOH, 7 % yield, mp 204-206 OC (dec). Ir: 3400-3100 (wide absorption band, =NH, NH); 

2180 (CN); 1690 (CO2Et); 1615 and 1580 (C-N, C-C) cm-l. Uv Amax MeOH (logc ) 349, 268, 261, 216 nm 

(3.70, 4.09, 4.13, 4.70). Anal. Calcd for C21H22N604: C, 59.70; H, 5.24; N, 19.89. Found: C, 59.50; 

H, 5.20; N, 20.10. 

General procedures to compounds 4 and 5. 

A): Compounds 2 or 3 (1.5 ml) were refluxed in 1,2,4-trichlorobenzene (10 ml) for 2 h. The 

solution was cooled and the solid precipitated was collected by filtration and recrystallized. 

Ethyl 4-0x0-10-aminopyrimido L1.2-albenzimidazole-3-carboxylate, 3. 

Crystals from EtOH, 61 % yield, mp 266-268 OC (dec). Ir: 3300 (N-NH2); 1700 (C02Et); 1690 (CO); 

1625 and 1585 (C-C, C=N) cm-l. Uv Amax MeOH (log E )  336, 269, 241, 220 nm (4.22, 3.67, 4.14, 4.41). 

Anal. Calcd for C13H12N403: C, 57.34; H, 4.44; N, 20.58. Found: C, 57.70; H, 4.76; N, 20.95. 



Ethyl 7,8-dimethyl-4-oxo-l0-aminopyrimido[1,2-a~benzimidazole-3-carboxylate, s. 
Crystals from EtOH-H20, 63 % yield, mp 238-240 OC (dec). Ir: 3300 (N-NH2); 1720 (C02Et); 1700 (CO); 

1650 and 1620 (C=C, C-N) cm-l. Uv Amax MeOH (log E )  341, 246 223 nm (4.01, 3.97, 4.23). Anal. Calcd 

for C15H16N403.H20: C, 56.59; H, 5.69; N ,  17.60. Found: C, 56.90; H, 5.31; N, 17.49. 

Ethyl 4-imino-l0-aminop~rimido[l,2-a~benzimidazole-3-carboxylate, 2. 

Crystals from EtOH, 70 % yield, mp 214-216 OC (dec). 1r: 3300 (N-NH2); 1690 (C02Et); 1635 and 1615 

(C=C, C-N) cm-l. Uv Amax MeOH (loge ) 355, 254, 220 nm (4.34, 4.28, 4.57). Anal. Calcd for 

CI3Hl3N5O2: C, 57.55; H, 4.83; N, 25.81. Found: C, 57.55; H, 4.73; N ,  26.20. 

Ethyl 7,8-dimethyl-4-imino-10-aminopyrimido [1,2-a] benzimidazole-3-carboxylate.  z. 
Crystals from ethyl acetate, 68 % yield, mp 281-283 OC (dec). Ir: 3300 (N-NH2); 1660 (C02Et); 1625 

and 1570 (C-C, C=N) cm-l. Uv Amax MeOH (log c )  344, 269, 247, 223 nm (4.45, 3.99, 4.49, 4.71). 

Anal. Calcd for C15H17N502; C, 60.18; H, 5.72; N, 23.39. Found: C, 60.24; H, 5.63; N, 23.18. 

B).- A solution of 5.2 mnol (0.7 g) of 2 and 5.2 mnol (1.13 g) of ethyl ethoxymethylenemalonate 

in EtOH (20 ml) was refluxed for 5 h. After cooling the precipitated solid was filtered and after 

purification by column chromatography over kieselgel using ethyl acetate as eluent, compounds & 

(11 % yield) and @ (10 % yield) were obtained. 

C).- A mixture of 6.7 mnol (I g) of and 6.7 mmol (1.14 g) of ethyl ethoxymethylenecyanoacetate 

was heated neat in an oil bath at 120 OC for 1.5 h. After cooling the resulting yellow solid was 

filtered to yield 1.73 g of a crude product whose nmr and ir spectra indicated the presence of 

compounds %and 2. The crude was recrystallized in EtOH and compound %was obtained in 21 % 

yield. From the mother liquors the secondary product &was isolated and recrystallized in EtOH 

(14 % yield). 

General procedures to 7 and 8. 

A).- To a solution of 1 mnol of I in 1,2,4-trichlorobenzene (10 ml), 1 mnol of the corresponding 

diethyl malonate was added dropwise. The solution was warmed under reflux for 2 h. After cooling, 

the crude products were precipitated, filtered and purified. 

2-~~droxy-l0-aminopyrimido[1,2-a]benzimidazol-4-one, L. 

Crystals from MeOH, 60 % yield, mp 257-259 OC. Ir: 3700-2300 (NH2, OH); 1680 (CO); 1610-1555 (C-C, 

C=N) cnil. UvAnaX MeOH (log E )  309, 281, 221 nm (4.03, 4.02, 4.58). Anal. Calcd for C10H8N402: 

C, 55.55; H, 3.72; N, 25.91. Found: C, 55.24; H, 3.94; N, 25.56. 

2-Hydroxy-3-phenyl-10-aminopyrimido[1,2-a]benzimidazol-4-one, 8. 

Crystals from MeOH, 5 % yield, mp 276-278 OC (dec). Ir: 3700-2600 (NH2); 1660 (CO); 1610 and 1600 

(C-C, C=N) cm-l. Uv Amax MeOH (log E )  319, 258, 225 nm (4.43, 4.54, 4.80). Anal. Calcd for 
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C16H12N40Z.4.5 H20: C, 51.47; H, 5.66; N, 15.00. Found: C, 51.86; H, 5.36; N, 15.38. 

B ) . -  A mixture of 1 mnol (0.15 g )  of 1 and 5 mnol (1.2 g )  of d i e t h y l  phenylmalonate was refluxed 

w i t h  s t i r r i n g  f o r  1 h. Af ter  coo l ing  the s o l i d  p rec ip i t a ted  was f i l t e r e d  and p u r i f i e d  by column 

chromatography over k iese lge l  using e t h y l  acetate:methanol (8:2) as eluent.  Compounds 8 and 9 were 

obtained i n  5 % and 2 % y i e l d  respec t i ve l y .  

2-Hydroxy-3-~henyl-l0-(2'-~henyl-2'-ethox~carbonylacetamido)p~rimido~1,2-albenzimidazol-4-one, 9. 
Crysta ls  from MeOH/Et20, mp 191-192 OC (dec).  Ir: 3700-2400 (NH); 1725 (C02Et); 1660 (GO); 1615 

and 1600 ( C 4 ,  C-N) cm-l. Uv hax MeOH ( l o g  i 1 307, 220 nm (4.25, 4.67). Anal. Calcd fo r  

C27H22N405.4H20: C,  58.47; H, 5.45; N, 10.10. Found: C,  58.20; H, 5.43; N, 10.38. 

2-Hydroxy-3-pheny1- l0- formamidopyr imido[12-benzmdao1-4-one,  10. 

Tre crude 8, was heated i n  an excess of formic ac id  and, a f t e r  cool ing,  the p rec ip i t a ted  s o l i d  

was c r y s t a l l i z e d .  Crystals from O M F / H ~ ~ ,  mp 296-297 OC (dec), 15 % y i e l d .  Ir: 3600-2200 (NH); 1730 

(-NHCHO); 1650 (GO); 1600 (C=C, C=N) cm-l. Uv A m a x  MeOH ( l og  E )  312, 258, 223 nm (4.26, 4.36, 4.66) 

Anal. Calcd fo r  Cl7Hl2N4O3: C.  63.74; H, 3.77; N, 17.49. Found: C, 63.72; H, 3.90; N, 17.47. 

2-~ydroxy-3-phen~leyrimido[l,2-a]benzimidazol-4-one, 11. 

Crysta ls  from formic acid,  mp 300 OC (described 285 Oc) lO. Ir: 3600-2000 (very complexed broad 

absorpt ion i nc lud ing  OH and NH s t re t ch ing  v ib ra t i ons ) ;  1650 (CO); 1600 and 1530 ( C 4 ,  C-N) cm-I 

Uv Amax MeOH ( l o g  E )  310, 259, 224 nm (4.33, 4.56, 4.80). Anal. Calcd f o r  C16H11N302: C, 69.30; 

H, 3.99; N, 15.15. Found: C,  69.50; H, 4.12; N, 15.36. 
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