
S Y N T H E S I S  A N D  P R O P E R T I E S  OF 

[ 4 , 5 - a ] B E N Z I M I D A Z O L E  AND I T S  

A N D  A R Y L  D E R I V A T I V E S  

1 , 2 , 4 -  T R I A Z  I N O -  

A L K Y L  

Z .  A .  P a n k i n a  a n d  M .  N.  S h c h u k i n a  UDC 615.31 : 547.785.5].012.1 

Unsubsti tuted 1,2,4-tr iazino[4,  5-a]benzimidazole and its 1-methyl- ,  4-phenyl- ,  and 1-methyl -4-phenyl  
der iva t ives  (Va-d) were  p repa red  in this work, which is a continuation of our  r e sea rch  [1-3] in the quest fo r  
biologically active substances.  The synthesis  of these compounds is of in teres t  since they can be consid- 
e red  as compounds which have a hydrazine group in the i r  s t ruc ture .  As is known, many physiological ly ac-  
t ive substances,  fo r  example hypotension prepara t ions ,  monoaminoxidase inhibitors (prazid [4], nialam~de 
[5], etc.),  exis t  among hydrazine der iva t ives .  

In o rde r  to obtain Va-d, a method was used based on the cycl iza t ionof  2- acyl(aroyl)benzimidazole hy- 
drazones  by react ing the ethyl e s t e r s  of ortho acids with them. The path of the synthesis  is shown in the 
following scheme.  

, OR=N-JNHI OOH~ 

~ , - -  %.~o~ ..~' ~.~__.~ ~ 
c~ I OH 

~': a) R=~=H = a) R=H, ~=0H~ b) ~ =06H ~ 
b) tR=H, R'=OH~ b) ~=OoH~ ' l~'= CH~ 

d) l~=OeHT, R'= OH) 

The hydrazone of benzimidazole-2-a ldehyde  (Ilia) was obtained by boiling diehloromethytbenzimidaz-  
ole {I) hydroctzloride with hydrazine hydrate  in ethanol. The hydrazone of II (IIIb) was synthesized under  
s imi l a r  conditions f rom 2-benzoylbenzimidazote  (II) and hydrazine hydrate .  Both hydrazones  (IIIa, b) yield 
the corresponding p-methoxybenzyl idene der iva t ives  (IVa, b) with anisaldehyde.  There  a re  absorpt ion bands 
cha rac t e r i s t i c  fo r  the NH and NH 2 groups and also for  the C = N group in the Ill spec t ra  of compounds IIIa 
and HIb. A singlet f r om the proton  in the CH = N group (6 = 7.73 ppm) and a mult iplet  f r o m  the protons  in the 
benzene ring (6 = 7.19-7.43 ppm) occur  in the P1VIR spec t rum of IIIa run in d-alcohol .  

Hydrazones  IIIa, b were  cycl ized by heating them in excess  ethyl or thoformate  or  or thoaceta te .  The 
reac t ion  was accompanied by the splitting off of ethanol, and Va-d were  obtained. When the reac t ion  was 
c a r r i e d  out with the e s t e r  of ortho ace t ic  acid, the ethoxyethylidene der iva t ives  of the respec t ive  hydrazones  
(Via and VIb) were  successful ly  isola ted f r o m  the reac t ion  mixture .  The s t ruc ture  of the compounds ob- 
tained was conf i rmed by data f r om e lementa l  analysis ,  the IRandUV spectra ,  and also f rom the PMR* spec t ra  

* The Ill, UV, and PMR spec t ra  were  run in the  physieochemical  r e s e a r c h  laboratozsT of the S. Ordzhonikidze 
All-Union Pharmaceu t i ca l  Chemis t ry  Sc ien t i f i c -Research  Insti tute.  

S. Ordzhonikidze All-Union Pharmaceut ica l  Chemis t ry  Scient i f ic -ResearchIns t i tu te ,  Moscow. T rans -  
lated f rom Khimiko-Farmatsev t ichesk i i  Zhurnal, Vol. 6, No. 10, pp. 8-12, October,  1972. Original a r t i c le  sub- 
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Fig. 1. PMR spectra. 1) 1,2,4-Triazino[4,5-a]benzimidazole (Va 
in dimethylsulfoxide with hexamethyldisi loxane);  2) N-formylhy-  
drazone of benzimidazole-2-a ldehyde  (VII) in d~-dimethylsuffoxide 
(with hexamethyldis i loxane (a) and in d6-dimethylsuffoxide to which 
deuter iomethanol  was added (b); 3) azine of benz imidazo le -2-a lde-  
hyde (VIII) in t r f f luoroace t ic  acid (with te t ramethyls i lane) .  

Fig.  2. UV spec t ra .  1) Hydrazone of benzimidazole-2-a ldehyde 
(IIIa); 2) 1 ,2 ,4- t r iaz ino-[4 ,5-a]benzimidazole  (Va); 3 ) N - f o r m y l h y -  
drazone of benz imidazole-2-a ldehyde  (VII). The solvent is  ethanol.  

(Figs. 1 and 2). The re  a re  no absorpt ion bands cha rac t e r i s t i c  of the Nit and NH 2 groups, which were  ob- 
se rved  in the IR spec t ra  of the s tar t ing hydrazones  IIIa, b, in the IR spec t ra  of compounds Ya-d .  Signals 
f r om the protons  in the benzene ring (multiplet, 6= 7.61-8.47 ppm) a r e  noted in the PMR spec t rum of Va, 
as  are  also two signals in the f o r m  of doublets with 5= 10.2 and 9.6 ppm which cor respond  to the protons 
at  C 1 and C 4 with a s p i n - s p i n  coupling constant J=  2Hz. The doublet nature of the signals is connected with 
the in terac t ion  of these protons  among themselves ,  which was conf i rmed by the magnetic double resonance  
method. There  is no signal f r o m  a proton  at C 4 (6 = 9.6 ppm) in the PMR spec t rum of Vc, but there  a re  sig- 
nals f r o m  the proton  at C i (6 = 10.2 ppm) and also a complex multiplet  which is  a t t r ibuted to the protons of 
the benzene ring and phenyl group.  The signal f r o m  the proton with 6= 10.2 ppm disappears  in compound Vd 
and a signal f r om the protons of the methyl  group appears  at 6 = 3.15 ppm. 

\w /o  
" ~  " ~  " O H = N - N = O H  J~  ~ ~ ".N- O H = N - J ~ - I  z 

I t l a  

634 



It was established f rom a study of the chemical  p rope r t i e s  of Va that this compound is not stable: 
when it was t rea ted  with a 107o aqueous sodium hydroxide solution at room tempera ture ,  the t r i az ine  r ing 
was opened at the C 1 = N10 bond which leads to the format ion  of the N-formyhhydrazone of benzim]dazole-2-  
aldehyde (VII). 

Absorpt ion bands cha rac t e r i s t i c  for  the NH and CO groups appear  in the IR spec t rum of VII at  3235 
and 1685 cm -1 respect ive ly .  The UV spec t rum of VII d i f fers  f rom the UV spec t rum of Va. Doublets at  6= 
8.88 ppm (1H) and 13.71 ppm (lI-1)with a s p i n - s p i n  coupling constant J=  9.8-10 Hz a re  observed in the PMR 
spec t rum (d6-dimethylsulfoxide) of compound VII. When deuter iomethanol  is  added to the solution invest i -  
gated, the signal at 6=8.88 ppm is conver ted  into a singlet and the signal at 6=13.71 ppm disappears .  These  
data indicate that the NtI -CHO group is  p resen t  in compound V]'[ and that i ts  protons  in terae twi th  each other .  

The azine of benzimidazole-2-a ldehyde (Vrg) was obtained by react ing compound Va with 10% hydro-  
chlor ic  acid followed by t rea tment  with an aqueous sodium bicarbonate  solution. The s t ruc ture  of the syn- 
thes ized compound was substantiated by e lementa l  analysis  and its PMR spect rum.  Compound VIII was also 
obtained by react ing compounds IHa or VII with 107O hydrochlor ic  acid. 

A study of the effect  of 4-oxo-  and 4-phenyl - l ,2 ,4- t r iaz ino[4 ,5-a]benz imidazole  (Vc) [3] on the behav- 
io r  and condition of animal Life, on sensi t ivi ty to pain, ant ispasmodic action, and thei r  in teract ion with sopo- 
r i f ic  agents showed that these prepara t ion  had l i t t le pharmacological  activity.  

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

The IR spec t ra  of the substances were  run on a UR-10 spec t rophotometer .  The samples  were  p re -  
pa red  as minera l  oil mulls .  The UV spec t ra  were  run on an EPS-3  spec t rophotometer .  The solvent was 
ethyl alcohol.  The PMR spec t ra  were  run on a JNM-4H-100 spec t rophotomete r  at an operating f requency 
of 100 ~IHz. The chemical  shifts were  measu red  on the 6 scale re la t ive  to the signal of the protons  in 
te t ramethyls f lane  or  hexamethyldis i loxane.  

2-Dichloromethylbenzimidazole  Hydrochlor ide  (I). This compound was obtained by the method in [6], 
mp 165-168~ According to the l i t e ra tu re  [6], the mp is 169-171~ 

2-Benzoylbenzimidazole  (II). This  compound was obtained by oxidizing 2-benzylbenzimidazole with 
chromium tr ioxide in acet ic  acid [7], mp 214-216~ According to the l i t e ra tu re  [7], the mp is 210-212~ 

Hydrazone of Benzimidazole-2-a ldehyde  (Ilia). To a mixture  of 25 ml of hydrazine hydrate  and 50 nd  
of ethanol was added in port ions 22 g of I, the mixture  was boiled for  5 h, it was concentra ted in vacuo to 
half  i ts volume, and the r ema inde r  was t rea ted  with water .  A total of 12 g (807o) of Ilia was obtained, mp 
146-147~ (decomp., f r om dichloroethane),  P~ 0.5 (aluminum oxide, c h l o r o f o r m -  h e x a n e -  methanol 10 : 5 : 2; 
detected with iodine vapors) .  

The PMR spec t rum (in ethanol), 6, ppm: 7.73 (CN=N, singlet), 7.19-7.43 (protons in the benzene ring, 
multiplet) .  IR spectrum: VNH, NH~ 3208, 3308, 3384 cm-t;  ~C=N 1630 cm - l .  UV spectrum: ~max 256, 311 
nm, log r 3.83, 4.39. Found, 7o: C~60.56; H 5.3; N 34.76. CsHsN 4. Calculated 7o: C 59.98; H 5.03; N 34.98. 

Hydrazone of 2-Benzoylbenzimidazole  (lIIb). Compound IIIb was s imi la r ly  obtained f rom 2.22 g of II 
and 9 ml of hydrazine hydrate in 10 ml of ethanol. The yield was 2.24 g (957o), l emon-co lo red  crys ta l l ine  
substance,  mp 144~ (decomp., f r om water) .  

IR spectrum: PNII, NH~ 3312, 3432, 3452 cm -1, UV spectrum: ~max 275, 315 nm, log e 4.09, 4.23. 
Found, 7o: C71.42; H5.2t ;  N 24.02. C14HI2N4. Calculated, 7o: C 71.16; H 5.12; N 23.71. 

N-(Benzimidazolylmethine)-N T- (p-methoxybenzylidene)hydrazine (IVa). To a solution of 0.1 g of IIIa 
in 3 ml of anhydrous ethanol was added 0.1 g of anisaldehyde. The precipi ta te  (within 15 rain) was f i l tered,  
washed with ethanol, and dried,  A total of 0.13 g (767o) of IVa was obtained, pale yellow crys ta l s ,  mp 217- 
218~ (from a mixture  of e thano l -wa te r ,  1: 1). Found, 7o: C 68.99; H 5.13; N 19.96. C16Hi4N40. Calcu- 
lated, 7o: C 69.04; H 5.07; N 20.13. 

N-(Benzimidazolylphenylmethine)-N' - (p-methoxybenzyl idene)hydrazine  (Wb). To a solution of 0.1 g 
of IIlb in 3 ml  of anhydrous ethanol was added 0.1 g of anisaldehyde and 4-5 drops of glacial  acet ic  acid. 
The solution was allowed to stand fo r  24 h at 20~ the precipi ta te  was f i l te red  off, washed with ether ,  and 
dried.  A total of 0.12 g (807o) of IVb was obtained, mp 160-161~ (from 507o aqueous ett]anol), c rys ta l l ine  
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pale yellow substance, insoluble in water. Found, %: C 74.13; H 5.28; N 15.94. C22H18Nr Calculated %: 
C 74.55; H 5.11; N 15.85. 

N-Formylhydrazone of Benzimidazole-2-aldehyde (VII). An alkaline solution of Va prepared from 
0.5 g of Va and 2 ml of 10% sodium hydroxide was acidified with acetic acid. The precipitate obtained was 
filtered off, washed with water, and dried over phosphorus pentoxide. A total of 0.55 g of VII was obtained 
(quantitative yield), colorless substance, mp 228-230~ (decomp., from ethanol), insoluble in water, diffi- 
cultly soluble in ethanol and other organic solvents, highly soluble in dilute hydrochloric acid and a solution 
of sodium hydroxide. IR spectrum: VNH 3235 cm -1, vCO 1685 cm -1. UV spectrum: ~max 253, 316, 328 nm; 
log e 4.09, 4.37, 4.29. PlV[R spectrum (in d6-dimethylsulfoxide), 5, ppm: 13.71 (NH, doublet), 8.88 (CHO, 
doublet), 7.67 (CH=N, singlet), 7.43-7.80 (aromatic protons in the benzene ring, multiplet). Found, %: 
C 57.15; H 4.24; N 29.40. CgHsN40. Calculated, %: C 57.43; H 4.28; N 29.77. 

Azine of Benzimidazole-2-aldehyde (VIII). One gram of Ilia was dissolved in 5 ml of 10% hydrochloric 
acid at 20~ The oil that precipitated out (within 30 man) was recovered and triturated with a saturated so- 
dium bicarbonate solution. A total of 0.65 g (76%) of VIII was obtained, the substance had a bright yellow 
color and was in the form of long fine needles, mp 277-278~ (deeomp., from ethanol), highly soluble inl0% 
sodium hydroxide, insoluble in the majority of organic solvents and in water, Rf 0.7 (silica gel, chloroform 
isopropyl alcohol, 10 : 1, detection by absorption in UV light). PMR spectrum (in trifluoroaeetie acid), 5, 
ppm: 9.05 (CH=N, singlet, 2H), 7.90 (protons in the benzene rings, multiplet, 8H). Found, %: C 66.44; H 
4.43; N 29.22. C16H12N6. Calculated, %: C 66.65; H 4.20; N 29.15. 

1,2,4-Triazino[4,5-a]benzimidazele (Va). A suspension of 5.59 g of Ilia in 45 ml of freshly distilled 
ethyl orthoformate was heated for 2 h at 160-210~ at the same time, the ethanol was gradually distilled off. 
The precipitate was filtered off and washed with ether. A total of 3.9 g (65%) of Va was obtained, pale yeI- 
low plates, mp 235-2360C (decomp., from ethanol), Rf 0.63 (silica gel, chloroform-isopropyl alcohol 10 : 1, 
detection in UV light). UV spectrum: ~max 246, 316 nm, log ~ 4.4, 3.78. PMR spectrum (in a mixture of 
dimethylsulfoxide and carbon tetracMoride), 5, ppm: 10.2 (Hi, doublet, Jl 4 =2 Hz), 9.6 (H4, doublet, J=2 Hz). 
Found, %: C 63.54; H 3.54; N 32.97. CgH6N 4. Calculated, %: C 63.51; H'3.55; N 32.92. 

l-Methyl-l,2,4-triazino[4,5-a]benzimidazole (Vb). A mixture of 3 g of Ilia and 14 ml of ethyl ortho- 
acetate [8] was heated for 2-3 h at 150-210~ while distilling off the ethanol formed. After cooling the re- 
action mixture, it was treated with ether, the precipitate was filtered off and washed with ether. A total 
of 2.43 g (70.4%) of the c~-ethoxyethylidenehydrazone of benziraidazole-2-aldehyde (Via) was obtained, mp 
182-185~ (decomp., from benzene). IR spectrum: PC-H, PC = C, vC = N 3068, !638, 1580 em -i. UV spec- 
trum: Xmax 255, 320 nm; log e 3.95, 4.3. Found, %: C 62.58; H 6.31; N 24.15. CI2HI4N~O. Calculated, %: 
C 62.58; H 6.12; N 24.33. 

Substance Via was heated without a solvent for 1 h at 200-210~ and Vb was obtained, mp 162~ (de- 
eomp., from ethanol). UV spectrum: Xmax 226, 245, 320, 335 n_m; log ~ 4.18, 4.4, 3.98, 3.9. Found, %: 
C 64.96; H 4.64; N 30.42. Ci0118N 4. Calculated, %: C 65.20; H 4.38; N 30.42. 

4-Phenyl-l,2,4-triazino[4,5-a]benzi~idazole (Vc). This compound was obtained analogously to Va 
from 2.2 g of IIIb and 12 ml of the orthoformate ester. The yield was 1.82 g (79.6%), mp 205-206~ (from 
benzene). IR spectrum: vC-N, vC=C, vC-N 3080, 1610, 1585 cm -i. IZV spectrum: ~tma x 255, 268, 315 nm; 
log ~ 4.36, 4.34, 4.07. I~MR spectrum (in dimethylsulfoxide), 5, ppm: 10.2 (Hi, singlet, 1H), 8.69-8.03 (pro- 
tons of the benzene ring in benzimidazole, multiplet, 4H), 7.58 (protons of the phenyl ring, multiplet, 5H). 
Found, %: C 73.25; H 4.15; N 22.72. CIsHIoN4. Calculated, %: C 73.17; H 4.06; N 22.77. 

4-Pheny1-1,2,4-triazino[4,5-a]benzimidazele Hydroehloride (Vc. HCI). To a solution of 0.12 g of u 
in anhydrous dioxane was added an ethereal solution of hydrogen chloride, and the precipitate was filtered 
off. A total of 0.1 g (76%) of Ve hydrocbloride was obtained; mp 203-203.5~ (from absolute ethanol), in- 
soluble inwater. Found, %: C 63.97; H 4.00; C1 12.31; N 19,92. CIsHIoN4.HC1. Calculated, %: C 63.72; 
H 3.92; CI 12.54; N 19.92. 

1-Methyl-4-phenyl-l,2,4-triazino[4,5-a]benzimidazole (Vd). The reaotion was carried out with 1.4 g 
of IIIb and 5 ml of ethyl orthoacetate under conditions analogous to those used to obtain Va. From the re- 
action mixture was isolated a mixture of Vd and VIb which were separated by recrystallization from ethanol. 
A total of 0.65 g (42%) of Vd was obtained, mp 170-172~ (decomp.). UV spectrum: ~tma x 251, 268, 315 nm; 
log e 4.43, 4.40, 4.02. PMR spectrum (in dimethylsulfoxide), ~, ppm: 3.15 (CH 3 group, singlet), 8.62, 8.82, 
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8.07, 7.58 (aromatic protons, multiplets). Found, ~0: C 73.52; H 4.81; N 21.42. Ci6HI2N4. Calculated, ~0: 
C 73.84; H 4.65; N 21.55. 

From the ethanolic mother liquor was isolated 0.56 g (31%) of the ~-ethoxyethylidenehydrazone of 
2-benzoylbenzimidazole (VIb), mp 209-210~ (decomp., from benzene). UV spectrum: ~max 275, 320 nm; 
log e 4.13, 4.40. PMR spectrum (in deuterioethanol), 6, ppm: 3.55 (CH2, quadruplet), 1.12 (CH S in the ethoxy 
group, triplet), 2.21 (CH3, singlet). Found, %: C 70.21; H 5.71; N 18.56. CIsHisN40. Calculated, %: C70.56; 
H 5.93; N 18.35. 
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