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In a s ea rch  for compounds that have the rmochromic  proper t ies ,  a group of formazans  that 
contain benzimidazolyl  {benzothiazolyl), methyl (phenyl), and hydroxydinitrophenyl (anthra- 
quinoyl) groups in the 1-,  3-,  and 5-posit ions,  respect ively ,  were synthesized.  Benzimid-  
azolyl formazans  with a p ic ramic  acid residue in the 5-position have the rmochromic  prop-  
e r t i es .  

In [1] it was noted that 1 - (1-benzyl -2-benz imidazoly l ) -5- (2-hydroxy-4 ,6-d in i t rophenyl ) -3-methyl -  
formazan in ch loroform solution changes f rom violet at the boiling point of the solution to blue on cooling. 
In a search  for new compounds that have the rmochromic  proper t ies  we synthesized a se r ies  of 1-benz-  
azoly l formazans  (Tables 1 and 2). 

The formazans  were synthesized by azo coupling in neutral  or  alkaline media of benzenediazonium 
salts  with the corresponding benzazolylhydrazones .  The formazans  were deeply colored, crystal l ine prod-  
ucts .  

Benzimidazolylformazans  with a p icramic  acid residue in the 5-position have thermochromic  p roper -  
t ies .  These formazans  have negative t he rmoehromism in solutions of nonpolar or  slightly polar solvents 
(chloroform and benzene). Thus ch loroform solutions of formazans  with a methyl  group in the 3-position 

have a violet color  on heating, while formazans  with a phenyl group in the 3-position are  blue-violet .  When 
the solutions are  cooled f rom 0 to -10  ~ the color  changes to bright-blue and blue-black, respect ively  
{Table 3). 

The cycle of the the rmochromic  t ransformat ions  is repeated many t imes without any changes.  

The absorption spec t ra  in the visible region, recorded  in chloroform solutions, each contain two 
maxima:  at 540-545 nm and at 640-645 rim. The intensity of these bands changes on heating or cooling, and 
an isopiest ic point is observed,  which indicates the presence  of two forms .  The proposed s t ruc tures  of 
these forms are  as follows: 

OH H H ~ O k  
u I N ! 

o coolin  

R I 2 
R ~ R' 

The forms differ with respec t  to the presence  or absence of hydrogen bonding between the nitrogen 
atom in the 5-position and the hydrogen of the hydroxyl group. The deepening in color  on cooling can be 
explained by the formation of a hydrogen bond [2] and by the coplanar  s t ruc ture  of the entire molecule [3]. 
The following facts are  evidence in favor of the proposed explanation of the the rmochromic  phenomena. 
Formazans  in solutions of oxygen-containing solvents (acetone and dioxane) do not display an appreciable 
change in color ,  since the hydrogen of the hydroxyl group of the formazan is apparently linked by a hydro-  
gen bond to the oxygen atom of the solvent, and the formation of two forms does not occur in heating and 
cooling. The spec t ra  of formazans  in oxygen-containing solvents contain one maximum at 540 nm, and a 
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bare ly  noticeable inflection of weak intensity is present  at 650 nm. The 1 ,3-diphenyl-5-(2-hydroxy-4 ,6-  
dini trophenyl)formazan (XIII) synthesized as a model is not the rmochromic ,  since, like t r iphenylformazan 
[4,5], it has a chelate ring that is not disrupted during tempera tu re  changes.  

E X 1 0 E R I M E N T A L  

1- (1-Ethyl -2-benz imidazoly l ) -3-methyl -5-  (2-hydroxy-4,6-dini t rophenyl)formazan (IV). A diazonium 
solution obtained f rom 2 g of p icramic  acid, 16 ml of water ,  0.4 g of NaOH, 3 ml of concentrated hydro-  
chloric  acid, and 0.8 g of sodium ni t r i te  was added to a cooled solution of 1.9 g of the 1-ethylbenzimidazolyl-  
hydrazone of acetaldehyde in 100 ml of alcohol containing 3.2 g of sodium acetate.  After  2 h, the precipitate 
was f i l tered and washed with water  and alcohol to give 3 g (80%) of fine, fibrous, needles with a dark-green  
lus ter  (from acetone).  Compounds I, II, and VI were  s imi la r ly  obtained. 

1- (1-Methyl -2-benzimidazoly l ) -3-phenyl -5- (2-hydroxy-4 ,6-d in i t rophenyl ) formazan (VII). A suspen-  
sion of a diazonium salt  (from 2 g of picr ic  acid) was added to a cooled solution of 2.5 g of the 1 -methy l -  
bonzimidazolylhydrazone of benzaldehyde in 100 ml of ethanol containing 3.2 g of sodium acetate.  After all 
of the diazonium salt  had been added, the solution was made alkaline to pH 8-9 with 2 N NaOH. After s e v e r -  
al hours ,  the mass  was diluted with water ,  and the black precipitate was f i l tered to give 4 g (90%) of fine, 
black needles with a red-brown lus te r  (from ethanol). 

10roducts V and X were s imi la r ly  obtained. 

1-Benzoth iazoly l -3-phenyl -5- (2-hydroxy-4 ,6-d in i t rophenyl ) formazan {XI). A diazonium salt prepared 
f rom i g of p icramic  acid was added to a solution of 1.25 g of benzaldehyde benzothiazolylhydrazone in a 
mixture  of ethanol and 2 N hydrochlor ic  acid (added until the mixture  gave a slightly acid reaction).  The 
mass  was careful ly  made alkaline with 2 N NaOH until it gave an alkaline react ion.  The green solution was 
diluted with water  and neutra l ized with 2 N HC1. The precipitate was fi l tered and washed with water  to give 
1.9 g of fine, black needles with a violet lus ter  (from acetone). 

1 ,3-Diphenyl-5-(2-hydroxy-4,6-dini t rophenyl) formazan (XIII). A suspension of a diazonium salt  (from 
2 g of p i c r a m i c  acid) was added to a cooled solution of 1.96 g of benzaldehyde phenylhydrazone in 50 ml of 
pyridine.  The red precipi tate  was f i l tered and washed with water to give 3 g (70~) of da rk - red  needles with 
a green lus ter  (from benzene) and mp 176.5-177 ~ Found %: C 53.76; H 3.83; N 20.14. CigHI4N~O 5 �9 2H20. 
Calculated %: C 53.77; H 3.80; N 19.80. 

Products  III, IX, and XII were s imi la r ly  obtained, while VIII was obtained in alcohol solution. 
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