
SYNTHESIS OF BENZIMIDAZOLE DERIVATIVES 

V.* PYRIDYLBENZIMIDAZOLES AND CYANINE DYES FROM THEM 
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New base s  and qua te rna ry  s a l t s -  2 'me thy lbenz imidazo le  d e r i v a t i v e s -  containing 2-pyr idyl  
r e s idues  as  a subst i tuent  in va r ious  posi t ions  of the benzimidazole  r ing were  synthesized.  
Benz imidazol ium sa l t s  of a new type with he ta ry l  groups  a t tached to both n i t r o g e n a t o m s  were  
obtained. Imidacyanines  were  synthes ized  f r o m  the qua te rna ry  sa l t s  of pyr idy l - subs t i tu ted  
2 -methy lbenz imidaze les ,  and the chief  l igh t -absorp t ion  m a x i m a  of these dyes were  de termined.  

2-Methylbenzimidazole  de r iva t ives  that contain he ta ry l  groups  as subs t i tuen t s  in v a r i o u s  posi t ions  o f  
the benzimidazole  r ing a r e  of in te res t  for  the synthes is  of imidacyanine dyes.  1-(2-1>yridyl)-2-methyl-5 ,6  - 
d ichlorobenzimidazole ,  which is used  fo r  the p repa ra t ion  of some imidacyanines ,  was  desc r ibed  in [2]. 

In the p r e s en t  study we have synthes ized  some 2-pyr idy lmethy lbenz imidazo les  as  well  as 1 , 3 - ( 2 - p y r i -  
dy l ) -2 -methy lbenz imidazo l ium sa l t s .  The known 2 -pyr idy l -o -pheny lened iamines  and N ,N ' -d i (2 -pyr idy l ) -4 -  
ch lo ro-o-pheny lened iamine ,  which was  f i r s t  obtained by us, w e r e  the s ta r t ing  m a t e r i a l s  fo r  the syntheses-. 
These  ba se s  were  conver ted  to the cor responding  2 -py r idy l -2 -me thy lbenz imidazo l e s  (I and II1) or  pyr idy l -  
benz imidazo l ium sa l t s  (VI, VII) by heating with acety l  chloride in toluene or  ni t robenzene.  
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The 2-pyr idy l  res idue  in I-VII displays  different  bas i e i t i e s  as  a function of the c h a r a c t e r  of i ts  bond- 
ing with the benzimidazole  ring. When m is heated with ethyl iodide, a sal t  is  f o rmed  only through one of 
the r ing n i t rogen a toms  of the benzimidazole  r i n g -  the 2-pyr idyl  res idue  does not par t i c ipa te  in sal t  f o r m a -  
tion. The in terac t ion  of II with ethyl  iodide g ives  IV, and both the benzimidazole  and pyridine r ings  p a r t i c i -  
pate  in sal t  format ion .  

The reduced basicity of the 2-pyridyi residue in II is manifested in the production of imidacyanines .+ 
from the salt of this base (IV). When the latter is refluxed with ethyl orthoformate and nitrobenzene, par- 
tial dealkylation of the l-ethyl-2-pyridinium residue of this salt occurs, probably as a consequence of the 

*See [1] fo r  communica t ion  IV. 
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TAB LE 1. 2-Pyridyl-Substituted Imidadimethylidynemerocyanines, 
Imidathiacarboeyanines, and Imidacarbocyanines 
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TABLE i .  (Continued) 

IF Calc.,  Yield, Dye Mp, "C Empirical formula Element ound, % ~o % 
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weakened basicity of the 2-pyridyl group, and a mixture of three imidaearbooyanines, which are detected by 
means of  thin-layer chromatography and have very close absorption maxima, is formed. When IV is heated 
with 3-ethyl-5-acetanflidomethylenerhodanine, formamide, and triethylamine, two imidadimethylidynemero- 
cyanines (VIII and IX) with 2-pyridyl- and 1-ethyl-2-pyridinium residues, which are isolated in pure form, 
are also formed. 

In this connection, it was found that when a nitrobenzene solution of IV is refluxed, the lat ter  partially 
loses ethyl iodide and is converted to the ethiodide of II. The formation of several dyes in the described 
cases is also explained by this thermal dealkylation of salt IV. 

Imidadimethylidynemerocyanines that are derivatives of 3-ethylthiazolidine-2-thione-4-one and 3-eth- 
yloxazolidine-2-thione-4-one WIII-XV), as well as imidathiacarbocyanines (XVI, XVII) and symmetrical  
imidaearbocyanines (XVIII-X-X) were synthesized from the quaternary salts of 2-pyridylmethylbenzimid- 
azoles. 
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The signif icance of R, R ' ,  R",  X, and Y in fo rmulas  VIII-XX is p resen ted  in Table  1. 

Imidacyanines  with 2-pyr idyl  res idues  as subst i tuents  a re  dist inguished by inc reased  solubility in wa-  
te r  and other  po la r  solvents ,  and this inc reased  solubili ty is higher,  the m o r e  such subst i tuents  present .  A 
c o m p a r i s o n  of the light absorp t ion  m a x i m a  of dyes XVIII and XIX with the absorpt ion  m a x i m u m  of the known 
1 ,1 ' , 3 ,3 ' - t e t r ae thy l imidaca rbocyan ine  iodide (krnax 498 nm) [3] demons t r a t e s  that r ep lacement  of one ethyl 
group at tached to the ni t rogen a tom of the imidazole  r ing in s y m m e t r i c a l  imidacarbocyanines  by a 2-pyr idyl  
res idue  leads  to a shift in the light absorp t ion  m a x i m u m  to the long-wave port ion of the s p e c t r u m  by an a v e r -  
age of 7.8 nrn. 

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

N,N, -Di (2-pyr idy l ) -4 -ch loro-o-phenylened ia rn ine .  In analogy with [4], 2.86 g (0.02 mole) of 4 - e h l o r o -  
o-phenylenediarnine [5], 6.32 g (0.04 mole) of 2 -bromopyr id ine ,  and 2.8 g of anhydrous zinc chlor ide  were  
heated in a sealed g lass  tube at  200 ~ for  4 h. A solution of the react ion  product  in 1 l i te r  of wa te r  was f i l -  
tered,  decolor ized  with charcoal ,  and t rea ted  with 30% aqueous sodium hydroxide.  The l ibe ra ted  base  was 
ex t rac ted  with benzene to give 3.9 g of product.  This p r o d u c t w a s  used for  synthes is  without fu r the r  pur i f i -  
cation. A sample  for  ana lys i s  was chromatographed  (A1203 and benzene) and c rys ta l l i zed  f r o m  b e n z e n e -  
pe t ro l eum e ther  to give c r y s t a l s  with rnp 99-101 ~ Found: N 19.1%. C16H13N4C1. Calculated: N 18.9%. 

Synthesis  of 2 -Pyr idy l -Subs t i tu ted  2-Methylbenzimidazoles  and The i r  Quar te rnay  Salts (General  Method). 
A 0.1 mole  sample  of acety l  chlor ide  was added to a solution or  suspension of 0.03 mole  of an o-phenylenedi-  
amine  (with a 2-pyr idyl  res idue  as  a subst i tuent  in the a r o m a t i c  ring or  a t tached to one or  two ni t rogen a t -  
oms of the amino groups)  in anhydrous  benzene,  toluene, or  ni trobenzene,  and the mix tu re  was reflmxed for  
1.5-2 h. The base  was l ibe ra ted  f r o m  the hydrochlor ides  of the 2 -pyr idy l - subs t i tu ted  2-methylbenzirnidaz-  
oles  with alkali  hydroxides  or  ammonia .  If the reac t ion  product  was a qua te rnary  sal t  - the chloride - it 
was  pur i f ied and conver ted  to the iodide o r  pe reh lo ra t e .  

2 -Methy l -5 - (2 -pyr idy l )benz imidazo le  (I). This  compound was obtained in 75% yield (based on the hy- 
drochlor ide  of I) f r o m  4- (2 -pyr idy l ) -o -pheny lened iamine  [6]. Base  I was obtained as  c r y s t a l s  with rnp 168- 
169.5 ~ (frorn xylene). Found: N20.1%. C13HIIN 3. Calculated: N20.1%. I .HC1.  The h y d r o c h l o r i d e w a s  ob- 
tained as  co lo r l e s s  c r y s t a l s  with mp 277-281 ~ (from i soamyl  alcohol).  Found: C1 14.3%. C13HllN 3 �9 HC1. 
Calculated.. C1 14.4%. 

1- (2-Pyr idy l ) -2-methylbenz i rn idazole  (III). This  compound was obtained in 36% yield f r o m  N- (2-pyr i -  
dyl)-o-phenylenediarnine [7] as  co lo r l e s s  c r y s t a l s  with mp 130-131 ~ (from c h l o r o f o r m - p e t r o l e u m  ether) .  
Found: N 18.4%. C13HllN 3 �9 H20. Calculated: N 18.5%. The product  loses  wa te r  of c rys ta l l i za t ion  on me l t -  
ing. The ethiodide of base  III was obtained in 60% yield as  co lo r l e s s  needles  with mp 209-211 ~ ( f romwater )  
when III was heated with excess  iodide at 100 ~ fo r  3 h. Found: I 34.3%. C15H16IN 3. Calculated: I 34.77o. 

1 ,3 -Di (2 -pyr idy l ) -2 -methy lbenz imidazo l ium Iodide (VI). This compound was obtained in 42% yield as 
need les  with rnp 215-217 ~ (from water)  f r o m  N,N'-di(2-pyridyl)-o-phenylenedtarnine [4] and acetyl  chloride 
in anhydrous  toluene with subsequent  t r ea tmen t  of the resul t ing aqueous solution of d ipyr idylbenzimidaz-  
ol ium chloride with excess  sodium iodide. Found: I 31.1; N 13.4%. C18H15IN 4. Calculated: I 30.7; N 13.5%. 

1 ,3 -Di (2 -py r idy l ) -5 -ch lo ro -2 -me thy lbenz imidazo l ium Iodide (VH). This  compound w a s  obtained-in 
50% yield as fine, co lo r l e s s  c r y s t a l s  with mp 261-263 ~ (from water)  f r o m  N , N ' - d i ( 2 - p y r i d y l ) - 4 - c h l o r o - o -  
phenylenediamine and ace ty l  chlor ide in anhydrous  benzene,  as in the p r epa ra t i on  of VI. Found: I 28.5%. 
C18H14ClIN 4. Calculated: I 28.3%. 

1 -E thy l -2 -me thy l -5 - (2 -py r idy l )benz imidazo l e  (II) and Its Qua te rnary  Salts  (IV, V). A solution 'of 1 .5g 
of sodium hydroxide in 12 ml  of  wa t e r  was added with s t i r r ing  to a solution of 0.4 g of the hydroehlor ide of I 
in a smal l  amount  of water ,  and 0.4 ml  of diethyl sulfate was then added to the mix ture .  The viscous  p rec ip i -  
ta te  of II that f o r m ed  a f t e r  heating the mix tu re  on a bo i l ing-wate r  bath for  15 min  was ex t rac ted  with ch loro-  
form.  The c h l o r o f o r m w a s  r emoved  by disti l lation, and the residue,  without purif icat ion,  was heated with 
2 ml  of ethyl iodide in a sealed g l a s s  tube at 100 ~ fo r  4 h. The resul t ing ethiodide (IV) was w a s h e d w i t h e t h e r  
and, without further purification, was used for the synthesis of dyes or converted to perehlorate V [the yield 
of the latter was 0.5 g (61%)], which was obtained as fine, colorless crystals with mp 253-255 ~ (dee., from 
water). Found: CI 14.4%. CI9H25CI2N308. Calculated: CI 14.4%. 

Thermal Decomposition of l-Ethyl-2-rnethyl-5-(2-pyridyl)benzimidazole Diethiodide (IV). A solution 
of 0.3 g of diethiodide IV in 5 ml of nitrobenzene was refluxed for 5 h, and excess ether was added. The pre- 
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cipitate was washed with ether and heated with 10 ml of water. The aqueous mixture was filtered, and ex- 
cess sodium perchlorate was added to the hot filtrate. The precipitated 1-ethyl-2-methyl-5-(2-pyridyl)benz- 
imidazole ethylperchlorate {II) was washed with water to give 0.05 g (21.5%) of colorless needles with mp 
186-188 ~ Found: C1 9.8%. C17H20C1N$O 4. Calculated: C1 9.7%. The salt forms an imidacarboeyanine with 
Xmax 518 nm (in ethanol) on heating with ethyl orthoformate in nitrobenzene. 

3- Ethyl-~5-~ ~-[1,3-diethyl- 5- (2-pyridyI)benzimidazolinylidene:2] e thylidene~ thiazolidine- 2-thione-4-one 
(VIII) a--nd Its Ethylperchlorate (IX). A mixture of 0.37 g of V, 0.3 g of 3-ethyl-5-acetaniiidomethylenerho- 
danine, 2 ml of formamide, and 0.4 ml of triethylamine was refluxed for 75 rain. The precipitated dye w a s  
washed with water and crystall ized from the minimum amount of alcohol to give 0.2 g of IX. A green, c rys-  
talline precipitate of VIII gradually separated out from the mother liquor, f rom which this dye was removed 
by filtration. Compound VIII was removed by filtration after  3 days and crystal l ized from alcohol. Data on 
dyes VHI and IX are  presented in Table 1. 

Reaction of 1-Ethyl-2-methyl-5-(2,pyridyl)benzimidazole Diethiodide (IV) with Ethyl Orthoformate in 
Nitrobenzene. A mixture of 0.55 g of IV, 0.6 ml of ethyl orthoformate (or 0.5 ml of diethoxymethyl acetate)-, 
and 4 ml of nitrobenzene [or ni t robenzene-pyridine (4 : 1)] was refluxed for 1.5 h. The dye was precipitated 
with ether, washed with ether, and dissolved in dimethylformamide. The solution was salted out with aque- 
ous sodium iodide solution to give 0.35 g of product. The product was crystall ized from alcohol or a lcohol-  
ether. Found: N 10.45%. C37H&212N 6. Calculated: N 10.2%. From its nitrogen content, thedye corresponded 
to an imidacarboeyanine, which could have been formed f rom salt IV with subsequent loss of one molecule 
of ethyl iodide. However, thin-layer chromatography [A1203, acetone-methanol  (14 : 1)] attested to the pres-  
ence of a mixture of three dyes (Rf 0.05, 0.2, and 0.5). One of them (Rf 0.5) has the same absorption maxi- 
mum (~max 518 nm) as the imidacarbocyanine formed from the salt obtained as a result  of thermal cleavage 
of ethyl iodide from diethiodide IV and, consequently, it is extremely likely that it is 1,1',3, T- te t rae thyl -  
5, 5'-di (2- pyridyl) imidacarbocyanine. 

Cyanine dyes were obtained from the quaternary salts of 2-pyridyl-substituted 2-methylbenz imidaz-  
oles by known standard methods: imidadimethylidynemerocyanines X-XV were obtained by  heating the cor-  
responding quaternary salts with acetanilidomethylene derivatives of 3-ethylthiazolidine-2-thione-4-one or 
3-ethyloxazolidine-2-thione-4-one in anhydrous pyridine or alcohol in the presence of triethylamine; unsym-  
metr ical  imidathtacarbocyanines XVI and XVII were obtained f rom the quaternary salts and 2- (~-aeetanilido- 
vinyl)-3-ethylbenzothiazolium iodide in acetic anhydride with triethylamine; and the symmetrical  imidacar- 
bocyanines XVIII-XX were obtained from the quaternary salts and ethyl orthoformate in nitrobenzene with 
subsequent precipitation with excess ether.  Dye XIX was puriiied by dissolving it in excess hot water, pre-  
cipitating it as the perchlorate,  and crystallizing it. Dyes X-XX were crystal l ized from alcohol. Data on 
dyes VHI-XX are  presented in Table 1. The light absorption maxima of the dyes in ethanol solution were 
determined with an SF-10 speetrophotometer. 

L I T E R A T U R E  C I T E D  

1. V.M. Zubarovskii and G. P. Khodot, Ukr. Khim. Zh., 38, 270 (1972). 
2. M. Gandino, P. lVierli, and O. Turilli, French Patent No. 1,491,399 (1967); Chem. Abstr., ~ 11,167 

(1968). 
3. A. Van Dormael, Science et Industries Photographique, ~ 451 (1949). 
4. O. Fischer,  Ber. ,  ~ 3674 (1902). 
5. F. Ulmann and F. lViautner, Ber. ,  36, 4027 (1903). 
6. A.H.  Cook, J. M. Heilbron, D. H. Hey, and A. Zambert, J.  Chem. Soe., 401 (1943). 
7. B. Witkop, J.  Am. Chem. Soc., 75, 3368 (1953). 

626 


