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Cer ta in  new polymethine  dyes  of the cyanine,  merocyan ine ,  and merocyan inocyan ine  s e r i e s  containing 
r e s i d u e s  of the qua te rna ry  sa l t  of 1 - m e t h y l - l H - i m i d a z o [ 4 ,  5 -c ]pyr id ine  have been synthes ized .  A study was 
made  of the  co lo ra t ion  of syn thes ized  dyes .  Rep lacement  of the benz imidazo le  r e s i due  in the cyanine dyes  
by the r e s idue  of the qua t e rna ry  sa l t  of 1 - m e t h y l - l H - i m i d a z o [ 4 ,  5 -c ]pyr id ine  leads  to the in tens i f ica t ion of 

the co lor  of the dyes .  

Recent ly ,  in a number  of pa tents  and works ,  it  has been ment ioned that  i m i d a c a r b o -  and merocyan ines ,  
containing e l ec t ronega t ive  subs t i tu tes  in the he t e ro c yc l i c  r e s idues  have a m a r k e d  sens i t i z ing  act ion on photographic  
s i l ve r  hal ide  emuls ions  [1]. 

It was of interest to study the properties of analogs of these dyes containing the imidazopyridine residue, in 
which the cyclic nitrogen atom of the pyridine ring may be regarded as an electronegative substitute. In this regard 
dyes were synthesized which contained residues of l-methyl-iH-imidazo[4, 5-c]pyridine. To the present time these 

dyes have not been described in the literature. 

1, 2 - D i m e t h y l - l H - i m i d a z o [ 4 ,  5 -c ]pyr id ine  (I) was obtained by  heat ing 3 - a mino -4 -me thy l a minopy r id ine  (II) with 
ace t ic  a ldehyde in the  p r e s e n c e  of copper  ace ta te  [2] o r  with ace t i c  anhydr ide  [3]. Compound II was syn thes ized  f rom 
3 - n i t r o - 4 - m e t h o x y p y r i d i n e  [4] v ia  3 - n i t r o - 4 - m e t h y l a m i n o  pyr id ine  [5]. An a t tempt  was made to synthes ize  3 - n i t r o - 4 -  
amino and - 4 - a l k y l a m i n o p y r i d i n e s  by  the in te rac t ion  of 3 - n i t r o - 4 - o x y p y r i d i n e  [6] with ammonia  o r  a lky lmaines .  It was 
found that by this  means  3 - n i t r o - 4 - a m i n o p y r i d i n e  may  r ead i ly  be obtained. 

During the in t e rac t ion  between the ba se  of compound I and ethyl iodide,  the iodoethylate  (III) was obtained which 
did not pa r t i c i pa t e  in the condensat ion reac t ion  with o r tho fo rmic  ethyl e the r  (in a medium ofni trobenzene).  Apparent ly  
in th is  case  a lkyla t ion  p roceeded  at the n i t rogen a tom of the py r id ine  ring. Under  m o r e  s e v e r e  condit ions on heat ing 
the base  of compound I with the alkyl  e s t e r s  of p - to luene-su l fon ic  acid at 120 ~ C double qua te rna ry  sa l t s  (IVc) were  

obtained. 

c% i%..%~.. ~_.j-c,3 
I R I R 2 CHaC6H4SO: 

IV a-C 

a R=CH3; b I~C2H5; C R=p-C3H ~ 

It was found that  the compounds IV p o s s e s s  an e x t r e m e l y  act ive methyl  group. According  to t he i r  r eac t ion  
capac i ty  they exceeded  the  qua t e rna ry  sa l t s  of 1 - a l k y l - 2 - m e t h y l b e n z i m i d a z o l e s .  Thus for  example  it was pos s ib l e  to 
use  the double qua t e rna ry  sa l t  IVb for  the syn thes i s  of the  co r r e spond ing  d ica rbocyan ine  (V) on condensat ion of it  with 
1, 1, 3, 3 - t e t r ae thoxypropane  [7], whe rea s  the qua te rna ry  sa l t s  of 1 - a l k y l - 2 - m e t h y l b e n z i m i d a z o l e s  do not en ter  such a 
condensation. In addition, on interaction of compound IVb with orthoformic ethyl ether in a medium of nitrobenzene, 
a symmetrial carbocym]ine (VI) was obtained. One should note that this dye is formed under more mild conditions 

than I, i', 3, 3'-tetraalkylsubstituted imidacarbocyanes [8]. 
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N--CH3 CHa--NLN-N'~N z++--(ca=c")2-ca=z+31 +~/[-C.=CU--CH= + 

V* C2H 5 [ I C2H5 C2H 5 8 I -  C2H 5 
VI 

In the subsequent condensation of compound IVb with qua te rnary  sal ts  of 2 - (w-ace t an i l i nov iny l ) -o r -2 -  
(methylthiovinyl)substi tuted heterocycl ic  bases  in pyridine,  a number  of a s symmet r i ca l  carbocyanine dyes (VIIa- 
VII_f, table 1) was synthesized.  

Z ++ --CH=CH--CH=Z' 
2X-  

Vll a~e x- o=\ ps 
VIII a- r  R' 

a R=R'=C2H5, X=I; b R=C2H 5, R'=CH2CH=CH2, X=CH3C6H.,ISO3; 

c R=CH3, R'=C2Hs, X=CH3C6HgSO3; d R=p"'~3HT, R'=C2Hs, X=I 

By the interaction of compounds IVa-IVe with 5-acetanilinomethylene-3-alkylrhodanines in pyridine, a number 
of dimethinemeroeyanines (VIIIa-VIIId, table 2) were obtained. The merocyanine of compound Villa is readily alkylated 
during the action of dimethyl sulfate at the thionyl sulfur, with the formation of the quaternary salt (IX). The latter 
condenses with the formation of dimerocyanine (X)~ 

Z+ ~C H--CH=r-..---S Z+= CH--C H~--..--S 

C2H5 ]C2H5 C2H5 

X XI a-c 

During the in terac t ion  of compound IX with the qua te rnary  sal ts  of different  ni t rogeneous heterocyclic  bases  
containing an active methyl group, merocyan ines  (XIa-XIc, table 3) were synthesized. 

Table 2. Dimethinemerocyanines 

Com- 
pound 

Villa 
VlIIb 
VIIIc 
VIIId 

Mp, ~ C 

265--267 
256--257 
286--287 
224--225 

kmax, nm 
(in ethanol) 

520 
520 
520 
525 

Empirical formula 

Ci8H2aJN40S2 
C26HaoN404Sa 
C23H26N404Sa 
C2oH27JN4OSe 

N, ~ Yield, 
Found % 

11.4 11,2 
9.3 10.0 

I0.6 10.8 
10.3 10.6 

61,5 
55.0 
58.8 
36 

The pyridine rings of all the above-mentioned dyes were found in the onium state. Because of this condition the 
dyes are readily soluble in alcohol and water. All the dyes studied are characterized by their marked capacity to be 

adsorbed by aluminum oxide. 

A study was made of the absorption spectra of alcoholic solutions of the synthesized dyes. The maximum of the 
absorption of the symmetrical carbocyanine dye VI (525 nm) is displaced in comparison with the absorption maximum 
of i, 1'-dimethyl-3, 3'-diethylimidacarbocyanine iodide [9] in the wavelength region of the spectrum by 35 nm. The 
hypsochromic displacement of the absorption maximum of a number of asymmetrical carbocyanines VII, containing 
residues of 3, 3-dimethylindolenine, benzothiazole, benzeselenazole, quinoline, in comparison with the calculated 
values are not more than 6.5 nm (Table i, [i0]). It follows from these data that the basicity of the residue of the 
quaternary salt of imidazo[4, 5-c]pyridine is apparently close to the basicity of the benzothiazole residue. 

The absorption maximum of the dimethinemerocyanine of compound VIIIa is displaced in comparison with that 
observed with the corresponding imidadimethinemerocyanine (XII) [9] by 9 nm. The hypsochromic displacement of the 
absorption maximum for compound VIIIa, arising from the corresponding symmetrical dyes, comprises 12.5 nm. The 
analogous hypsochromic displacement, found with imidadimethinemerocyanone XII, is only 4 nm [9]. 

*Here and subsequently Z + and Z ++ denote respec t ive ly  the single and double charged res idue of 1 - m e t h y l - i l l -  
3, 5-diethylimidazo[4, 5-c]pyridinium. 
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F r o m  these observa t ions  it follows that the res idue  of the qua te rnary  salt  of imidazopyridine  (Z~ in the dyes 
examined,  as one would expect,  p o s s e s s e s  l e s s  bas ic i ty  than the benz imidazole  res idues  in the cor responding  dyes. 

XIa 

~2H~ 

XIe ~ 1  

C~H5 

Table 3 

=Ctt_CS~--T----S, 
, ~ v  -~- o=~,+2_cH=z, 

XI a-c 

External 
appearance 
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'Violet 
needles 
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needles 

?'max, 
nm (in IEmpirical formuls Mp, ~ eth- 

/ anol) 

N,% 

270--271 

275--276 i 

264--265] 

585 C2sH33I~NsOS2 

590 C31HsaI2NsOS2 

604 CsoHssl2NsOS 

' Fou Calcu- 
n d iated 

8,8 

8.8 

8,9 

9.0 

8.6 

9.1 

37,5 

5.2 

The synthes ized  dyes are  s e n s i t i z e r s  of s i l ve r  hal ide emuls ions  [11]. Thei r  photographical  p rope r t i e s  will be 
examined la te r .  

EXPERIMENTAL* 

3-Ni t ro -4 -aminopyr id ine .  A mix tu re  of 0.7 g (0.05 mole) of 3 -n i t ro -4 -oxypyr id ine  [6] and 5 ml of a 25% aqueous 
solution of ammonia  was heated in a sea led  tube fo r  3.5 h r  at 175 ~ C. Bright  yellow c rys ta l s  were  removed by 
f i l t ra t ion  and washed in water .  Yield, 0.49 g (70.0%); mp 201-203 ~ C [12]. 

3 -Amino-4-methy laminopyr id ine .  riD. A 3.52 g (0.023 mole) quantity of 3 -n i t ro -4 -me thy laminopyr id ine  was 
added to a hot solution (80 ~ C) of 11.05 g (0.046 mole) of sodium sulfide in 45 ml  water .  The mix ture  was heated for  
45 rain at 100 ~ C. The solution was evaporated approximate ly  to half volume,  and the p rec ip i t a te  was removed  by 
f i l t ra t ion  and washed with water .  Yield, 2.32 g (82%). Yellowish c rys t a l s ,  mp 170-172 ~ C [2]. 

i ,  2 -D ime thy l - lH- imidazo [4 ,  5-c]pyr id ine  (1). A mix ture  of 1.48 g (0.012 mole  of compound II and 10 ml  acet ic  
anhydride was heated for  3 hr  at 140 ~ C. The excess  of acet ic  anhydride was d is t i l led  off under  vacuum, the 
p rec ip i t a t e  was d i sso lved  in water ,  the solution was made alkal ine with potash, and the base  was ext rac ted  with 
chloroform.  Yield, 1.27 g (86.3%). Color less  needles ,  mp 173-175 ~ C [2] (from benzene).  

Di tosylate  of 1, 2 -d imethyl -3 ,  5-diethyl imidazo[4,  5-c]pyr id ine  (VIb). A 0.49 g (3.3 raM) quantity of 1, 2- 
d ime thy l - lH- imidazo [4 ,  5-]pyridine and 1.97 g (9.9 mM) of the ethyl e s t e r  of p - to luene-su l fonic  acid was heated for  
15 hrs  at 120 ~ C. After  washing with d ry  benzene  and grinding with a mix tu re  of benzene and acetone the r e s i n - l i k e  
mass  c rys t a l l i z e s .  Yield, 1.38 g (78%). Co lo r l e s s  p r i s m s  (from a mix ture  of ethanol and benzene,  1 : 10), mp 178- 
180~ Found, %: N 7.4. Calculated for :  Cz6Hs~N30~Sz, %: N 7.7. 

Compounds IVa and IVe which were  used in subsequent  reac t ions  without additional pur i f ica t ion were  obtained 

*The authors wish to express  the i r  thanks to E. M. P e r e l ' , w h o  par t ic ipa ted  in the exper imenta l  par t  of this work. 
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under  s i m i l a r  conditions.  

Iodoethylate of 1, 2 -d imethy l - lH- imidazo[4 ,  5-e]pyridine (III). A 1.47 g (0.01 mole) quantity of compound I and 
4 ml  of ethyl iodide were  heated for 5 hrs .  After washing with dry acetone 1.96 g of compound III (64.7%) was obtained. 
Colorless  c rys ta l s ,  mp 200 ~ C (from ethanol). Found, %: N 13.7, 13.8. Calculated for C10H14IN3, %: N 13.9. 

Bis (1-methyl -3 ,  5-diethylimidazo[4,  5-c]pyr id in ium-2,  2 ' ) t r imeth inecyanin t r i iodide  (VI). A mixture  of 0.17 g 
(0.35 mM) of compound IVb, 0.15 g (1 mM) of or thoformic ethyl e ther ,  and 2 ml  of n i t robenzene was heated for 4 hrs  
at 130 ~ C. The dye was precipi ta ted with ether  and isolated in the form of the iodide. Yield, 0.05 g (41.6%). Red 
needles,  mp 263-264 ~ C (from ethanol), kma x 525 nm (in ethanol). Found, %: N10.5.* Calculated for C25H3513NG, %: 
N 10.5. 

1-Methyl-3,  5, 3 ' - t r ie thyl( imidazo[4,  5-c]pyr id in ium-2) th iacarbocyanine  diiodide (VIIb, Table 1). A mixture  of 
0.4 g (0.8 mM) of compound IVb, 0.28 g (0.8 mM) of the methylsulfa te  of 3-e thyl-2-(f i -methyl thiovinyl)benzthiazol ium,  
12 ml of dry pyridine,  and 0.1 ml of t r ie thylamine  was heated for 4 hr  at 37 ~ C. The dye was precipi tated with ether, 
subjected to chromatography on a luminum oxide (solution in chloroform),  and converted into the iodide. 

In a s im i l a r  manne r  the a symmet r i ca l  carbocyanines  of VIIa, c - f  (Table 1) were obtained by condensation of 
compound IVb, respect ively ,  with iodomethylate of 2-(f l -acetani l inovinyl)-3,  3-dimethyl indolenine,  with the methyl 
sulfate of 3-e thyl-2-(f i -methyl thiovinyl)benzoselenazol ium,  with the iodide of 3-e thyl -2-  (fl-anilinovinyl)-4, 5- 
diphenylthiazolium, and with the toxylate of 3-e thyl-2-(f i -ani l inovinyl)quinol inium.  On production of compounds VIIe 
and VIIf apar t  f rom t r i e thy lamine  acetic anhydride was added (approximately 0.3 ml  per  0.4 g of IVb). 

Dimeth inemerocyanines  (VIIIa-VIIId, Table  2). A mixture  of 0.3 mM of the corresponding IV compound. ,  0.3 
mM of 3-a lky l -5-ace tan i l inomethylenerhodanine ,  4 ml  of dry  pyridine,  and 0.1 ml of t r ie thylamine  was heated for 4 
hrs  at 1400 C. The dye was precipi ta ted with ether (VIIIa, d were converted into the iodide). The compounds 
crys ta l l ized  f rom ethanol in the form of red (VIIa, b) or brown (VIIIe, d) needles.  

Dimethinemeroeyaninocyanines  (XIa-e,  Table 3). A 0.06 g (0.1 mM) quantity of compound VIIIa (X =CH3CeH4SO 3) 
and 0.02 g (0.15 mM) of dimethyl sulfate were  heated for 30 min  at 135 ~ C. A 0.1 mM quantity of the quaternary  sal t  
of the corresponding heterocycl ic  base and 3 ml of dry pyr id ine  were added, and the mixture  was heated for 4 hrs  at 
135 ~ C (for XIa, the mix ture  was heated for 3 hrs  at 135 ~ C). The dye was precipi ta ted with e ther  and converted into 
the iodide. The compound was crys ta l l ized  from ethanol. 

Dimerocyanine  (X). A 0.14 g (0.25 mM) quantity of the d imeth inemerocyanine  of compound VIIIa and 0.2 g 
dimethyl  sulfate were heated for 30 min  at 135 ~ C. The d a r k - r e d  mass  was washed with benzene,  dissolved in 2 ml  
dry pyridine,  and 0.07 g (0.3 mM) of 3-ethylrhodanine was added and the mixture  was heated for 4 hrs  at 140 ~ C. The 
dye was isolated with ether and washed with alcohol. Yield, 0.06 g (35.3%). Brown crys ta l s  (from ethanol), mp 284-  
286 ~ C; kma x, 565 nm (in ethanol). Found, ~o: N 11.3; i i . i .  Calculated for C24H31NsO~S 4, %: N 11.4. 

Bis(1-methyl -3 ,  5-diethyl imidazo 4, 5-c pyr id in ium-2 ,  2 ' )d icarbocyanint r i iodide  (V). A mixture  of 0.3 g (0.54 
riM) of compound IVb, 0.07 ml  (0.27 raM) 1, 1, 3, 3- tetraethoxypropane,  11 ml of dry  pyridine,  and 0.2 ml  
t r i e thy lamine  was heated for 4 h r s  at 120 ~ C. The dye was precipi ta ted with ether,  and isolated in the form of the 
iodide. Yield, 0.07 g (31.4%); mp 240-242 ~ C; af ter  washing with boil ing ethanol it does not change. Green crys ta l s ;  
kma x 635 nm (in ethanol). Found, %: N 10.1. Calculated for C2~H3713N6, %: N 10.2. 
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