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The s t r u c t u r e s  of new syTnvaetrical and a s y m m e t r i c a l  1 ,5 -d ibenzazo ly l formazans  were  in-  
ves t iga ted  by  IR and e lec t ronic  spec t roscopy .  It is shown that  1 ,5 -d ibenz imidazo ly l fo rmazans ,  
r e g a r d l e s s  of the subst i tuent  in the 3 posi t ion (methyl, phenyl),  d isplay the p r e s e n c e  of the 
t au tomer ic  imino f o r m  in solut ions.  1 ,5-Dibenzoth iazoly l formazans  display a high tendency 
to fo rm chela te  fo rms .  The s tabi l i ty  of  the chelate  i n c r e a s e s  on pass ing  f r o m  the 3-methyl  
to the 3-phenyl  de r iva t ive .  

In [1, 2] it was  es tabl ished that  the subst i tuent  a t tached to the meso  carbon a tom in u n s y m m e t r i c a l  
1-benzothiazolyl  (or oxazo ly l ) -5 -pheny l fo rmazans  has  a dec is ive  effect  on the s t ruc tu re  of the fo rmazan  
group. Fo rmazans  that  contain a phenyl group in the 3 posi t ion a r e  chela ted,  while 3 -me thy l fo rmazans  
have an open s t ruc tu re .  In con t r a s t  to th i s ,  1 -benz imidazo ly l fo rmazans ,  r e g a r d l e s s  of the subst i tuent  in 
the 3 posi t ion,  a r e  open and exis t  in the imino form.  It has been  shown [2] that  the VNtI f requencies  in the 
IR s p e c t r u m  ~n CHCI~ or  CCI~) a t  3440-3450 c m  -1 per ta in  to the imino fo rm,  while those in the 3350-3360- 
c m  -I  region pe r t a in  to the t au tomer i c  amino form.  The chela te  f o r m  does  not d isplay  v NH frequencies  at  
3100-3500 e m  -1. 

Fo rmazans  I-VT were  synthes ized  in o r d e r  to a s c e r t a i n  the effect  of a subst i tuent  in the 3 posi t ion 
(methyl, phenyl) and the c h a r a c t e r  of  the he t e ro r ing  in the 1,5 posi t ions  (benzimidazole,  benzothiazole ,  and 
benzoxazole)  on the s t ruc tu re  of the f o r m a z a n  chain in a number  of 1 ,5 -d ibenzazo ly l formazans .  

The f i r s t  four compounds m a y  exis t  in the following th ree  t au tomer ic  f o r m s :  chela te  (A), the amino 
f o r m  (B), and the imino f o r m  (C): 
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A v NH frequency cor respond ing  to the imino f o r m  (C) is  detected in the IR spec t r a  of  s y m m e t r i c a l  
f o r m a z a n s  of  benz imidazo le  (Table 1). As in the u n s y m m e t r i c a l  benz imidazo ly l fo rmazans  [1], the color  
of  the s y m m e t r i c a l  f o rmazans  of  benz imidazole  {I, IT) is p rac t i ca l ly  independent of the subst i tuent  at tached 
to C 3. 

The f o r m a z a n s  of  benzothiazole  do not have v NIt bands a t  3100-3500 cm-1; this is a s soc ia t ed  with 
the p r e s e n c e  of a che la te  f o r m  (A). The chela te  r ing in 1 ,5 -d ibenzo th iazo ly l -3 -me thy l fo rmazan  011) is un-  
s table  and is  conver ted  by the act ion of  a lkal i  o r  acid,  r e spec t ive ly ,  to the anion or  cat ion,  which, as  shown 
for  1 ,5 -d ibenz imidazo ly l fo rmazans  [3], have a cyanine s t ruc tu re .  The chelate  r ing in 1 ,5-dibenzothiazolyl -  
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TABLE 1. Spectral  Cha rac t e r i s t i c s  of  1 ,5-Dibenzazoly t formazans  

1 
R 

I 
1[ 

11I 
IV 
V 

VI 

NCH2CeH5 
NCH~CsH5 
S 
S 
NCH2CsHs 
NCH~CsHs 

NCH~C6Hs 
NCH2C6H5 
S 
S 
S 
O 

CH3 
C6H5 
CH3 
CsH, 
CH3 
CH3 

VN H ,C~[I-~" 
CHC13 neutral NaOH, 

medium OH 12:-In 

kmax, rim(acetone) 

570.605 
570.600 
570,600 
580--600 
572,598 
574,608 

3420 540530550 3468 
None 
None 580526600 
3442 552 
3401 542 

HCI. 
pH 1--2 

580,610 
590,620 
580,610 

584,606 
580,614 

* T h e r e  is no c l ea r ly  expres sed  m a x i m u m  in the spec t rum.  

3 -pheny l fo rmazan  (IV) is so s table  that ,  l ike the t r ipheny l fo rmazan  r ing,  it is not suscept ib le  to the act ion 
of alkali .  The deeper  color  of HI in acetone as  compa red  with IV is a lso  explained by opening of the chelate  
under  the influence of the solvent  {Table 1). 

For a s y m m e t r i c a l  f o rmazans  V and VI, the fac tor  that  de t e rmines  the s t ruc tu re  is the bas ic i ty  of the 
benzimidazole  he te ror ing .  Despite the i nc r ea se  in the number  of poss ib le  t au tomer ic  fo rms  (six fo rms) ,  
f o r m  C with a hydrogen a tom at tached to the ni trogen a tom of the benzimidazole  r ing is  the mos t  p robable  
fo rm for  these  compounds.  The p r e s e n c e  in the IR spec t ra  of a VNH absorp t ion  band at  3442 and 3401 c m  -I  
for  fo rmazans  V and VI, r e spec t ive ly ,  speaks  in favor  of this so r t  of s t ruc ture .  

EXPERIMENTAL 

The IR spectra were recorded with a UR-20 spectrometer, while the electronic spectra in the visible 

region were  r eco rded  with an S F-10 spec t ropho tomete r .  1,5-Di {1-benzylbenzimidazoly l ) -3-methyl formazan  
(I) was  obtained by the method in [4]. 

1 ,5 -Dibenzo th iazo ly I -3 -methy l fo rmazan  (liD. This compound was obtained by  the method in [5]. A 
solution of 0.02 mole  of  acetaldehyde 2-benzothiazolylhydrazone and 0.02 mole  of 2-hydrazinobenzothiazole  
in 250 ml  of ethanol,  p r e p a r e d  at  50-60 ~ was f i l t e red ,  and a solution of 2 g of sodium ace ta te  in 5 ml  of 
ethanol was added to it. The solution gradual ly  became  colored on standing in a i r ,  and a da rk -b rown c r y s -  
tal l ine p rec ip i ta te  fo rmed.  After  6-7 days ,  the mix tu re  was f i l tered to give fo rmazan  HI, with rap 213-215 ~ 
(from ethanol),  in 70% yield. Found: C 54.6; I4 3.7; N 23.3; S 17.6%. CI6H12N6S 2. Calculated:  C 54.5; 
H 3.4; N 23.8; S 18.2~. 

1,5-Di {1-benzylbenzimidazolyl ) -3-phenylformazan (II). This compound was obtained by the method in 
[5] f rom 0.001 mole  of benzaldehyde 1 -benzy l -2 -benz imidazo ly lhydrazone  and 0.001 mole  of  1 -benzy l -2 -  
hydraz inobenzimidazole  by  autooxidation in 100 ml  of pyridine.  The reac t ion  mix tu re  was diluted a f te r  a 
month with alcohol and wa te r  to give fo rmazan  II with mp 168-170 ~ (from aqueous ethanol).  Found: C 75.4; 
H 5.5~0. C35H28Ns. Calculated:  C 76.0; H 5.0%. 

1 ,5-Dibenzoth iazo ly l -3-phenyl formazan  (IV). A diazonium sal t  solution obtained f r o m  0.001 mole  of 
2-aminobenzothiazole  was added to a solution of 0.001 mole  of benzaldehyde 2-benzothiazolylhydrazone in a 
mix tu re  of 100 ml  of  pyridine and 100 ml  of methanol .  Water  (200 ml) was then added to the mix tu re  at 
5-10 ~ a f t e r  12 h to give a product  with nap 151-153 ~ (from aqueous ethanol). Found: C 60.7; H 3.6; S 14.9%. 
C21HI4N6S 2. Calculated:  C 60.8; H 3.4; S 15.5%. 

1 -Benzy lbenz imidazo ly l -3 -me thy l -5 -benzo th iazo ly l fo rmazan  (V). A 0.01,mole sample  of 1 - b e n z y l - 2 -  
benz imidazoly lhydraz ine  and 0.01 mole  of aceta ldehyde benzothiazolylhydrazone were  d issolved in 50 ml  of 
sl ightly heated dist i l led pyridine.  The violet  solution was f i l te red  and allowed to stand in the a i r  for  5-6 
days .  The prec ip i ta te  was removed  by f i l t rat ion.  Removal  of about half  the solvent  f r o m  the mothe r  l iquor 
by dis t i l la t ion gave another  smal l  amount  of  product .  The fo rmazan  was c rys t a l l i zed  f r o m  ethanol to give 
beautiful  l a rge  shiny g r een  c r y s t a l s  with mp 207-208 ~ in 71% yield. Found: C 64.4; H 5.2; N 21.8; S 7.1%. 
C23H19NTS. Calculated:  C 64.9; H4.5 ;  N 23.0; S7.5%. 
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1-Benzylbenzimidazolyl-3-methyl-5-benzoxazolylformazan (VI). This compound was obtained by the 
method used to prepare  V. The solution was allowed to stand for a week. The precipitate was removed by 
filtration and crystal l ized from ethanol to give a finely crystall ine l i lac-colored product with rap 264-265 ~ 
in 12% yield (based on the hydrazine). Found: C 67.5~ H 5.1; N 23.0%; C23H19NTO. Calculated: C 67.5; 
H 4.7; N 23.9%. Removal of part  of the solvent f rom the mother liquor by distillation gave another 
45% of product as a crystal l ine powder with mp 140 ~ (from alcohol). The formazan contained two molecules 
of pyridine as a crystal l ization component. Found: C 69.8; H 5.2; N 22.2%. C2~H19N70" CsHsN. Calculated: 
C 70�9 H 5.2; N 21.8%. 
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