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III .*  NEW IMIDACYANINS 

V.  M. Z u b a r o v s k i i  a n d  G.  P .  K h o d o t  UDC 547.785.5+542.95 

Phenylhal ides  of 1 -phenyl -2-methy lbenz imidazo le  we re  synthesized and conver ted  to a new 
type of imidacyanin dye with phenyl groups  on both ni t rogen a toms  of the benzimidazole  r e s -  
idue. The he re to fo re  unknown imidadicarbocyanins  were  obtained f r o m  qua te rna ry  sa l t s  of 
1 -pheny l -2 -methy lbenz imidazo le  (or i ts  der ivat ives)  which contain e lec t ronegat ive  subst i tu-  
ents in the 5 posit ion.  

The methyl  group of qua te rna ry  sa l t s  of 2 -methy lbenz imidazo le  is  of low act ivi ty  in reac t ions  to p r e -  
pa re  cyanin dyes,  so that only a few types  of imidacyanins  a re  known. A ce r ta in  inc rease  in the act ivi ty  
of the methyl  group in the indicated sa l t s  is achieved by the introduction of e lec t ronegat ive  subst i tuents  in-  
to the 1 or  5(6) posi t ions  of the benzimidazole  nucleus.  Substituents on the n i t rogen a toms  of the he r e to -  
cycle should apparent ly  have the s t ronges t  effect.  However ,  s t rongly  e lec t ronegat ive  subst i tuents  a re  
split  off during salt  format ion;  for  example ,  1 ,2-dimethylbenzimidazole  methiodide is fo rmed  when 1- 
cyano-2-methy lbenz imidazo le  is  heated with methyl  iodide. A significant i nc rease  in the act ivi ty  of the 
methyl  group could be expected for  1 -phenyl -2-methy lbenz imidazo le  phenylhal ides.  The l a t t e r  have not 
been repor ted .  

We synthesized 1 -phenyl -2-methy lbenz imidazo le  phenylchlor ide (I) by heating N,N ' -d ipheny l -o -  
phenylenediamine with acetyl  chloride in anhydrous toluene. Imidacyanins  with phenyl groups  on both 
ni t rogen a toms of the benzimidazole  r ings  - imidad imeth inemerocyan in  II,  un symmet r i c a l  imida th i aca rbo -  
cyanins III and IV, and s y m m e t r i c a l  i m i d a c a r b o -  and imidadicarbocyanins  VII and IX - were  obtained f r o m  
I. 
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The l igh t -absorp t ion  m a x i m a  of the s y m m e t r i c a l  i m i d a c a r b o -  and imidadicarbocyanins  with e l e c t r o -  
negative subst i tuents  in the 1 or  5 posi t ions  a re  p resen ted  in Table 1. Dyes V, VI, XII, and XIII a r e  de-  
sc r ibed  in [2, 6]. F r o m  a compar i son  of the absorpt ion m a x i m a  of cyanins V, VI, and VII, it can be seen 
that r ep l acemen t  in V of each ethyl group by a phenyl group leads to a shift of the l igh t -absorp t ion  m a x i -  
m u m  to the long-wave pa r t  of the spec t rum (5.5 nm,  on the average) .  

Several  s y m m e t r i c a l  imidadicarbocyanins  containing b romo [3], cyano [4], and C F3SO 2 [5] groups ,  
and benzoxazole and benzothiazole r e s idues  [6] as subst i tuents  in the benzene r ings  of the benzimidazole  
r es idues  have been descr ibed .  However ,  the l is t  of known imidadicarbocyanins  is  exhausted with the 
enumera ted  compounds,  and these dyes have rece ived  l i t t le  study. It was  of in te res t  to obtain a number  of 
monotypic  imidadicarbocyanins  to invest igate  thei r  optical  and photographic p r o p e r t i e s .  

* See [1] for  Communicat ion II.  
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TABLE 1 

Dye R 

V C=H.~ 
VI C6H,= 

VII C6H,= 
VllI C6H,, 

IX C6He 
X C6H,~ 

XI C6H~ 

XlI C6He 

XIII iC6H~ 

I I 

I x -  I 
W W 

R / R H 

C2H6 H 
C2H51 H 
C6H6[ H 
C2HsI H 
C6H5/ H 
C2Hs/CHa--CO-- 
C2H6/CzH6OOC-- 

12-Benzox- 
C2H51 azolyl 

{2-Benzo- 
C2H5! thiazolyI 

n X 

1 I 
I I 
1 I 
2 CI1Q 
2 
2 CIO4 
2 i 

2 I 

2 I 

Empirical 
Mp, ~ 

formula 

309 C41Ha I N4 ' 
178 1CasHaaCIN404 
215(decom)' C4aHa,I N4 
234(decom) CagHaTC1N406 
280(decom) C4IH4tIN404 

i 

Ialo 

Y 

18,0 
6,1 

16,9 
5,2 

16,3 

18,01 

,,,, 

Yield, 

498 ~ 
509 ~ 
520 45,5 
6O5 3 
616 13 
623 25 
617 25,5, 

6346 

6376 

Dyes VIII-XIII were  synthesized via the method descr ibed in [6] by heating the qua ternary  salts with 
1,1,3 ,3- tetraethoxypropane in ni trobenzene.  In some cases ,  bet ter  resu l t s  were obtained when 1 ,3 ,3- t r i -  
e thoxy- l -p ropene  was used. Par t ia l  pyro lys i s  of the start ing compounds occurs  at high t empera tu res ,  and 
the carbocyanin fo rms  along with the dicarbocyanin;  the dicarbocyanin can be freed f rom t races  of the 
carbocyanin by chromatography  (somet imes with difficulty). The method is inapplicable to 1-a lkyl -2-  
methylbenzimidazole alkylhalides since the activity of the methyl group is slight for them. 

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

1-Cyano-2-methylbenzimidazole  (XIV). Granulated sodium [0.46 g (0.02 g-atom) ] was added in two 
to three doses to a hot solution of 2.65 g (0.02 mole) of 2-methylbenzimidazole  in 40 ml of anhydrous xyl-  
ene, and the mixture was refluxed for  4 h and allowed to stand for 20 h. A warm solution of 7.4 g (0.07 
mole) of f resh ly  p repared  cyanogen bromide in 20 ml of anhydrous xylene was added, and the mixture was 
refluxed for  20 rain and allowed to stand for a day. Water  (40 ml) was added, and the toluene l ayer  was 
separated and worked up to give 1.65 g (52.570) of co lor less  c rys ta l s  with mp 112 ~ (from alcohol). Found 70: 
N 26.8. C~HTN 3. Calculated %: N 26.8. 

3 -Ethyl -5-{f i - [ l ' ,3 ' -d imethyl -2 ' -benz imidazol iny l idene]e thy l idene}rhodanine  (XV). A salt was 
formed by heating 0.32 g of XIV with excess  methyl iodide (1.5 ml) in a sealed glass  tube for 1.5 h at 
t20 + 5 ~ The salt was washed with acetone and was used without fur ther  purif ication to obtain dye XV by 
the standard method. The la t ter  had mp 297-298 ~ (decomp.) and ?tma x 511 nm. Found 70: N 13.0. 
C16HITN3OS 2. Calculated 70: N 13.1. 

The absorption curve and maximum of XV coincide with the absorption curve and maximum of 3- 
ethyl-  5- {fi- [1',3 ' -d imethyl -2  ' -benzimidazolynylidene]ethylidene}rhodanine,  which we synthe sized f rom 
1,2-dimethylbenzimidazole methiodide and 3-ethyl-5-acetani l idomethylenerhodanine to identify XV. 

1-Phenyl -2-methylbenz imidazole  Phenylchloride (Ia). A solution of 3.0 g (0.04 mole) of acetyl ch lor -  
ide in 7 ml of anhydrous toluene was added in port ions with s t i r r ing  to a solution of 1.0 g (0.004 mole) of 
N,N'-diphenyl-o-phenylenediamine [7] in 10 ml of anhydrous toluene. The mixture was heated for  2 h on a 
bath at 120 ~ After  cooling, the precipi ta te  of Ia  was f i l tered and washed with petroleum ether  to give 1.0 g 
of fine, white needles with mp 350-355 ~ (deeomp.). The product was used without fur ther  purification for 
the synthesis  of dyes.  

1 -Phenyl -2-methylbenz imidazole  Phenyliodide (Ib). Compound Ia (1.0 g) was dissolved in 10 ml of 
water ,  the solution was decolor ized with a small  amount of charcoal ,  and a hot solution of 3 g of sodium 
iodide in 5 ml of water  was added to the hot f i l t rate.  After 10 min, the precipi tate  was fi l tered and washed 
with water  to give 1.2 g of product .  The sample for  analysis  was crys ta l l ized  twice f rom alcohol. The 
product  was co lor less  c rys t a l s  that decomposed at about 380 ~ Found 70: I 30.2. C20H17IN2. Calculated 70: 
I 30.8. 
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3-Ethyl-  5- {fi-[1 ' ,3 ' -diphenyl-2 ' -benzimidazolinylidene ]ethylidene} th iazol idine-2- thion-4-one (II). A 
mixture  of 0.32 g (1.0 mmole) of Ia, 0.28 g (0.9 mmole) of 3-e thyl-5-acetani l idomethylenerhodanine ,  and 8 
ml of t r ie thylamine was ref luxed for 1.5 h. The precipi ta te  of dye was f i l te red  f rom the hot liquid and 
washed twice on the f i l t e r  with alcohol and e ther  to give 0.2-0.25 g (50-61%) of shiny red needles  with mp 
287.5-288 ~ (from alcohol) and )tma x 521 nm. Found %: S 13.9. C26H21N3OS 2. Calculated %: S 14.1. 

[1,3-Diphenyl-2-benzimidazole ] [3 '-ethyl-2 ' -benzothiazole ] tr imethinecyanin Iodide (II1). A mixture  
of 0.16 g (0.5 mmole) of Ia, 0.23 g (0.5 mmole) of 2-(f i-acetanil idovinyl)benzothiazole ethiodide, 7.5 ml of 
anhydrous pyridine,  and 1.5 ml of acet ic  anhydride was refluxed for  30 rain. A solution of 3 g of sodium 
iodide in 30 ml of water  was added to the cold solution. The resul t ing viscous  precipi ta te  of dye was t r i -  
turated with wa te r  until it began to solidify. It was then f i l tered,  dr ied,  chromatographed (A1203, ch loro-  
form),  and t rea ted  with an aqueous alcoholic solution of sodium iodide to give 0.06 g (20%) of dark-vio le t ,  
fine c rys ta l s  with mp 259-260 ~ (decomp.) and ~max 524 nm. Found %: I 21.2. C3iH26IN3S. Calculated %: 
I 21.2. 

[1,3-Diphenyl-2-benzimidazole ] [3 ' -e thy l -5 ' -methoxy-2  ' -benzothiazole ] t r imethinecyanin Iodide (IV). 
This was s imi la r ly  obtained in 21% yield in the form of dark-viole t  c rys ta l s  with mp 253 ~ and )tmax 534 
nm. Found %: I 19.8. C32H28IN3OS. Calculated %: I 20.2. 

Imidacarbo-  and Imidadicarbocyanins (VII-XI). Compound VII was obtained by heating Ia with or tho-  
formate  e s t e r  in ni t robenzene and was purif ied by precipi tat ion f rom alcohol solution with a sodium iodide 
solution. The following general  method was used for  the synthesis  of VIII-XI. The star t ing qua te rnary  
salt (0.5 mmole) was dissolved in 10-25 ml of ni t robenzene,  2.5 mmole of 1,1,3 ,3- te t raethoxypropane or  
1.2 5 mmole  of 1 ,3 ,3 - t r i e thoxy- l -p ropene  was added, and the mixture  was heated at moderate  ref lux for  
25 min. It was then cooled and mixed with excess  e ther .  The resul t ing precipi ta te  of dye was repea tedly  
washed with e ther  and two to th ree  t imes  with hot wate r  (by decantation) to remove  the s tar t ing qua te rnary  
salt, dr ied,  and chromatographed (A1203, chloroform).  It was purif ied by dissolving in pyridine or  alcohol,  
precipi tat ing with an alcoholic or  aqueous solution of sodium iodide or  chlor ide,  and washing with water  
and alcohol. The data fo r  VII-XI are  presented  in Table 1. The UV spec t ra  of ethanol solutions were  ob- 
tained with an SF-10 spect rophotometer .  
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