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INVESTIGATIONS IN THE BENZAZOLE AND NAPHTHAZOLE SERIES 
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1-Benzazolyl-3-methyl-5-(p- or o-)tolylforrnazam (benzazolyl 
residues: 1-benzylbenzirnldazole, benzothiazole, benzoxazole) have 
been synthesized and their structures have been studied by IR and UV 
spectroscopy. It has been found that in solutions the forrnazans are 
present in the open form and do not contain a chelate ring. Forrnazans 
containing an o-toly] residue do not differ in respect of the structure 
of the forrnazan chain from their p-tolyl isomers, but in solutions of 
the complexes with nickel and copper the influence of the ortho 
methyl group is shown in the higher coloration of the complex of the 
ortho isomer than of the para isomer. 

Continuing our study of formazans of the benzazole 
series, we have synthesized unsymmetrical forma- 
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F i g .  1. IR s p e c t r a  of the  f o r m a z a n s  

I - V I  ( in  p a r a f f i n  o i l ) .  
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The object of the work was to establish the struc- 
tural features of the formazans by IR and UV spectro- 
scopy and to study their behavior in complex forma- 

tion in dependence on the nature of the heteroatom 

and the position of the methyl group in the phenyl ring 

(taking into account the possibility of steric hindrance 
in the ortho isomers). 

The IR spectra of the formazans of the benzimidaz ole 
series have been studied previously. The assignments 
of the main absorption bands were made, including 
those for the formazan I, and its open structure was 

established. The IR spectra of the formazans I-VI in 
the crystalline state (3500-2000 cm -I region, mull in 

perfluorohydrocarbon) are poorly resolved and have 
no VN--H bands. It is remarkable that the solvent of 
crystallization present in I (ethanol) and in V (water) 
does not appear in the IR spectra. To explain this 
phenomenon, further investigations of the nature of 
these compounds (clathrate compounds or associates 
with a strong hydrogen bond) are required. Solutions 
of the formazans in carbon tetrachloride studied in 
the same region (Fig. 2) gave well-resolved spectra. 

In all formazans, besides VC__ H of aliphatic bonds 
(2925-2920 em -I) and vC--H of aromatic bonds 
(3060-3030 cm-l), strong bands of VN--H completely 

identical for the para and ortho isomers appear 
clearly (I and II--3445; III and IV--3435 and 3340; 
V and VI--3440 and 3355 cm-1). Thus, according to 
t h e  IR s p e c t r a  a l l  s i x  f o r m a z a n s  a r e  p r e s e n t  in s o l u -  

t i on  in  t he  open  f o r m .  T h e  p r e s e n c e  of two VNH b a n d s  
in  t he  f o r m a z a n s  of b e n z o t h i a z o l e  and  b e n z o x a z o l e  is  

p e r h a p s  due  to the  p r e s e n c e  of two t a u t o m e r i c  f o r m s  

in  the  s o l u t i o n s .  T h e  s i m i l a r i t y  of t he  s p e c t r a  of  t he  
p a r a  and  o r t h o  i s o m e r s  i n d i c a t e s  t he  a b s e n c e  of a 

s t e r i c  i n f l u e n c e  of the  o r t h o  m e t h y l  g r o u p  on the  s t a t e  
of the  f o r m a z a n  s k e l e t o n .  
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Fig .  2. IR s p e c t r a  of  t h e  f o r m a z a n s  I - V I  
( in c a r b o n  t e t r a c h l o r i d e  s o l u t i o n ) .  

T h e  IR s p e c t r a  of the  c r y s t a l l i n e  f o r m a z a n s  I - V I  

( F i g .  1) h a v e  two s t r o n g  b a n d s  a t  1 6 4 0 - 1 6 0 0  a n d  

1 5 8 0 - 1 5 5 0  c m  -~ b e l o n g i n g  to t h e  s t r e t c h i n g  v i b r a t i o n s  

VC= C of the  b e n z e n e  r i n g s  a n d  vC-~--N of t he  f o r m a z a n  
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Table  1 

UV Spect ra  of the F o r m a z a n s  in Dioxane Solution 

C o m p o u n d  

nm ( log e) 
254 (3.96) 
30o (3.89) 

II '[ III 

254 (4.13) 
302 (4.07) 

272 (4.05) 
310 (3.70) 

i ( shou lde r )  

IV 

272 (4.15) 
305 (3.99) 
(shoalder)  

v ] w 

25o (4.15) !250 (4.3o) 
288 (3.95) 288 (4.10) 

group. In the IR spectrum of the formazans I and II 

there are bands at 1484 em -I (absent from those of the 

formazans III-VI); these bands may be assigned to 

the deformation vibrations 5-CHz of the benzyl re- 

sidue. In the 1450-1440 cm -I region in all the forma- 

zans there are strong bands ofs-CHa deformation 

vibrations. Bands of the absorption of the paraffin oil 

may also be present in this region of the spectrum 
(usually 1465 and 1375 cm-l). 

In the region of the stretching vibrations uO_ N of 

the aromatic bonds in all the formazans there are 

several bands (1350-1180 cm-i); these bands char- 

acterize the benzazole ring. The stretching vibrations 

VC_ N of the aliphatic bonds are expressed in I and It 
by two bands at 1126, 1098, and at 1123, 1096 cm -I. 

Of these bands, 1098 cm -l in I and 1096 cm -I in II are 

probably due to the stretching vibrations of the bond 

of the heteroeyclic nitrogen and the carbon of the 

benzyl group, since this band is not present in 

spectra of the formazans III-VI which have only one 

band (1145-1120 cm -I) in this region. All the para 

methyl isomers differ from the ortho isomers by the 

presence of a band of the nonplanar deformation vibra- 

tions 5C__ H of two adjacent  hydrogen a toms in the 
benzene r i ng  at 822-820 em - t .  

The s t r u c t u r e s  of the fo rmazans  in solut ions  were  
studied by means  of the i r  e l ec t ron ic  absorp t ion  spec-  
t ra .  The UV reg ion  of the spec t r a  of the compounds 
(Table 1) is cha r ac t e r i z ed  by two absorp t ion  max ima .  
The spec t ra  of the para  and ortho i s o m e r s  have s i m -  
i l a r  posi t ions  of the maxima,  but the ortho i s o m e r s  
a re  d i s t inguished  by a somewhat  g r e a t e r  in tens i ty .  
The na ture  of the s p e c t r u m  depends on the na tu re  of 
the he te roa tom.  

In the v i s ib le  r eg ion  of the spe c t r a  of the f o r m a -  
zans I - V I  there  a re  th ree  m a x i m a  (table 2). The ben-  
z imidazo le  f o r ma z a ns  possess  the deepes t  co lora t ion  
and the benzoxazole  fo rmazans ,  as r epor t ed  p r e -  
v iously  [3], a h igher  co lora t ion .  

It is known that 3 - m e t h y l - l , 5 - d i p h e n y l f o r m a z a n  
exis t s  in the fo rm of a red  or a yellow i s o m e r  acco rd -  
ing to the na tu re  of the solvent  [4, 5]. To e lucidate  the 
poss ib i l i ty  of the s a m e  phenomenon for the fo rmazans  
I - V I  we r eco rded  the absorp t ion  spec t r a  in the v i s ib le  
reg ion  in va r ious  so lven ts .  As can be seen  f rom the 
f igures  of Tab le  2, the fo rmazans  exhibi t  some pos i -  
tive s o l v a t o e h r o m i s m .  The ba thochromic  shift  of the 
absorp t ion  m a x i m u m  on pass ing  f rom a nonpolar  sol -  
vent  (benzene) to a polar  one (n i t robenzene)  is less  
than 20 nm in the m a j o r i t y  of them.  On pass ing  f rom 
a p ro ton-dona t ing  so lvent  (ethanol) to a p r o t o n - a c c e p t -  
ing one (dioxane), l a rge  shifts in the absorp t ion  maxi -  
m u m  again  take place.  Thus ,  the appearance  in 
solut ions  of i s o m e r i c  (or t au tomer ic )  f o r ms  dif fer ing 
cons ide rab ly  f rom one another  in color  (as is the 
case,  for example,  for the 1 - ( l ' - p h e n y l t e t r a z o l y l ) -  
5 - n i t r o p h e n y l f o r m a z a n s  [6]), was not observed.  The 
d i f fe rences  in the color  of the ortho and pa ra  i s o m e r s  
is slight,  which ind ica tes  the absence  of an inf luence  
of the ortho methyl  group on the chromophor ie  s y s -  
tem of the dyes and is in a g r e e m e n t  with t h e i r  spec t r a .  

As we have shown for subs t i tu ted  t r i p h e n y K o r m a -  
zans [7], f o r ma z a ns  with a chelate  s t r u c t u r e  do not 
change the i r  color  when an ethanol ic  solut ion is made 
alkal ine,  while fo rmazans  having an open azohydra -  
zone group form deeply colored sodium sa l t s .  With 

all  the f o r ma z a ns  c o n s i d e r e d  he re ,  a m a r k e d  deepen-  
ing of the co lora t ion  by m o r e  than  100 nm was observed  

Table  2 

Spectra l  C h a r a c t e r i s t i c s  of the 1 - B e n z a z o l y l - 3 - m e t h y l -  
5 - (p -  or o - ) to ly i fo rmazans  

krnax , nm ( 10 "4) in solvents Absorption of the  
complexes in etha-  

Corn- nitro- ohio- ace- diox- etha- i etha- nolle solution nm 
pound Mp,'C ben- ' ben- nolic 

zene , zene roform tone ane , nol ; NaOH i NF + Cu 2. Zn:* 

I* 121--J24 448 462 452 454 : 460 ~ 460 i 546 ~ 626 540 506 

II 

]II  

]V 

V** 

vI 

85--87 

136--i37 

81--87 

115--116 

80--82 

(4.75) (640) (3.47) (4.26) 

466 , 464 460 : 450 
(3.91), (3 38 ) (3 ,77 )  (3,77) 
4.16 ' 412 I 422 i 404 

)! (I ,07) '  ( i ,61) '  i (2.65) 
418 i 427 i 418 410 

(1.70)~(1.84)i(1.49) (1,62) 

400 i 420 , 419 400 
(2.09) i(3.35): (1.51) (4.19) 

414 I 432 i 410 404 
(2.04)! (1.40) I (1.74) (1.97) 

(4.01) (2.33) i (3.06)~: 

460 i 456 ! 532 ! 562 
i(3.77) i (3.58) I (4.41)i 

420 ] 414 ] 516 I 616 
(2.46), (2.59)] (5.37)i 

I 410 i 414 i 520 ' 558 
' (2.46) I (2.28) i (4-48) I 
i 412 ! 400 494 ' 588 
~(2.19)i (2.20) (3.77) I 
i 405 ] 400 490 I 520 
!(2.98)] (2.15 ~ (3.60) I [ 

616 508 

646 500 

622 500 

624 470 

fi00 464 

*Contains C2HsOH of crystallization. 
**Contains water of crystallization. 
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in  an  a l k a l i n e  m e d i u m  ( T a b l e  2). T h i s  a l s o  i n d i c a t e s  
the  a b s e n c e  of a c h e l a t e  r i n g  w i t h  a s t r o n g  i n t r a m o l e e -  
u l a r  h y d r o g e n  b o n d  f r o m  the  f o r m a z a n s  I - V I .  H o w -  
e v e r ,  the  q u e s t i o n  of in w h i c h  of the  t h r e e  p o s s i b l e  
t a u t o m e r i c  f o r m s  (A, B, o r  C) the  f o r m a z a n s  I - V I  
e x i s t  r e q u i r e s  a d d i t i o n a l  s t u d y .  

In  o r d e r  to  c o m p a r e  the  c o m p l e x ' f o r m i n g  c a p a c i t y  
of t h e  f o r m a z a n s ,  t h e  b e h a v i o r  of c o m p o u n d s  I - V I  in  
e t h a n o l i c  s o l u t i o n s  on  t h e  a d d i t i o n  of a n  e x c e s s  of a 

m e t a l  s a l t  w a s  s t u d i e d  s p e c t r o s c o p i c a l l y .  T h e  m e t a l  

i ons  u s e d  w e r e  Ni 2+, Cu 2+, and  Z n  2+ (Ni(NO3)2, CuC12, 

and  ZnC12). T h e  c o m p l e x e s  of t h e  f o r m a z a n  I w i t h  

n i c k e l  a n d  c o p p e r  h a v e  b e e n  d e s c r i b e d  p r e v i o u s l y  [8]. 
T h e  f e a t u r e s  of the  c h a n g e  in  the  c o l o r a t i o n  on 

c o m p l e x  f o r m a t i o n  f o r  the  f o r m a z a n s  I, III ,  and  V in 

c o m p a r i s o n  w i t h  II, IV,  a n d  VI a r e  i n t e r e s t i n g  ( T a b l e  
2) .  W h i l e  the  p o s i t i o n s  of the  a b s o r p t i o n  m a x i m a  of 

the  o-  and  p - t o l y l  i s o m e r s  a r e  t he  s a m e  f o r  t he  c o m -  
p l e x e s  w i t h  z inc ,  the  Ni  c o m p l e x e s  of the  o r t h o  i s o -  

m e r s  h a v e  a c o l o r a t i o n  60 n m  h i g h e r  t h a n  the  c o r r e -  

s p o n d i n g  p a r a  i s o m e r s .  F o r  the  c o p p e r  c o m p l e x e s ,  
t h i s  d i f f e r e n c e  in the  c o l o r a t i o n  of the  o r t h o  and  p a r a  

i s o m e r s  a m o u n t s  to 24 n m .  T h u s ,  t he  s p a t i a l  i n f l u -  

e n c e  of a m e t h y l  g r o u p  in  the  o r t h o  p o s i t i o n  of  the  

p h e n y l  r i n g  is  s h o w n  in c o m p l e x  f o r m a t i o n .  A s t u d y  

of the  s t r u c t u r e  of the  c o m p l e x e s  w i l l  p e r m i t  a n  e x -  
p l a n a t i o n  of the  c a u s e  of t h i s  f e a t u r e .  

EXPERIMENTAL 

The synthesis of 1-(l ' -benzyl-2'-benzimidazolyl)-3-methyl-5- 
tolylformazan (I) and of 1-benzothiazolyI- and 1-benzoxazolyl-a- 
methyl-g-p-tolylformazans (III and V) has been described previously 
[3]. 

1-(1'- Benzylbenzlmidazolyl)-3-methyl-5-o-tolylformazan (II) 
was obtained from acetaldehyde 1-bcnzylbenzimidazolylhydrazone 
and an o-toluenediazonium salt by analogy with previous work [9]. 
Yield 60-70~ Orange-brown needles from dilute ethanol. Found, 
%: C 72.47; H 6.00; N 21.61. Calculated for CzaHzaN a, %: C 72.25; 
H 5.76; N 22.00. 

1-Benzothtazolyl-3-methyl-g-o-tolylformazan (IV) was obtained 
similarly from acetaldehyde benzothiazolylhydrazone. Yield about 
60~ Lustrous dark orange needles from dilute ethanol Found, %: 

C 62.67; H 4.92; N 22.45; S 10.74. Calculated for Ca6HlsNsS, %: 
C 62.13; H 4.85; N 22.66; S 10.36. 

l-Benzoxazolyl-3-methyl-5-o-tolylformazan ('VI) was obtained 
similarly. Yield about 50%. Orange needles from dilute ethanol. 
Found, %: C 65.07; H 5.04; N 24.09. Calculated for Ci6HtaN~O, 
%: C 65.52; H 5.Ii; N 23.88. 

The IR spectra of the crystalline formazans were recorded on an 
IKS-14 spectrometer (NaC1 prism, samples in the form of mulls in 
paraffin oii). The IR spectra of 1% solutions in carbon tetrachloride 
were recorded in the 3500--2000 cm "1 region (LiE prism) on a UR-1O 
instrument. The electronic spectra were recorded on an SF-4 instru- 
merit and, in the visible region, on an SF-10 spectrophotometer 
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