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A number of benzazolylhydrazones and benzazolylformazans containing an o-hydroxy or  
o-methoxy group in the phenyl ring attached to the meso -ca rbon  atom were synthesized. 
The s t ruc ture  of the compounds in various solvents was studied by means of [R and UV 
spec t roscopy and by determination of the ionization constants.  The part icipat ion of the 
o-hydroxy group in the format ion of an in t ramolecular  hydrogen bond was demonstrated.  
The interrelat ionship between the s t ructure  and co lor  of the formazans  was investigated. 

The presence  o r  absence of an in t ramolecular  hydrogen bond (IHB) in a ry l -  and hetaryl formazans ,  the 
configuration of the chain, and a m i n e - i m i n e  tau tomer i sm are  determined by the cha rac te r  of the substituents 
attached to the N 5 atom and the methylidyne carbon atom [1-4]. 

In the present  r e sea rch  we investigated the s t ruc ture  of newly synthesized 1-phenyl-3-[o-hydroxy(meth-  
oxy)phenyl]-5-benzazolylformazans and thei r  corresponding hydrazones.  

A study of the IR spec t ra  of compounds with an o-hydroxyl  group (Figs. 1 and 2) showed that narrow in- 
tense absorption bands at 3430-3490 cm -1 (VNH of the imine tautomeric  form) and 3330-3370 cm -I  (VNH of the 
amine tautomeric  form) and a broad band at 3200-3280 cm -l, which can be assigned to the absorption of a 
hydroxy group tied up by hydrogen bonds, a re  observed in the spect ra  of both the hydrazones and the formazans .  
The position and intensity of this band are  independent of the concentrat ion of the solutions, and this indicates 
in t ramolecular  cha rac t e r  of the hydrogen bonds. On the basis of the IR spectral  data it might be concluded 
that a s ix -membered  ring with an IHB with part icipat ion of the azomethine nitrogen atom is present  in the 
hydrazones  and formazans .  

R-y, a R =  , 

a Rl= Hi b R| ~ N = N  

The IR spec t ra  of o-methoxybenzaldehyde hydrazones (I[, IV, VI, and VIII, Table 1) and 3-(o-methoxy-  
phenyl)formazans (X[, XIII, XVI, and XVIII) do not contain a band at 3200-3280 cm -1, whereas  the bands at 
3430-3490 cm -1 and 3330-3370 cm -1 are  retained; this conf i rms the cor rec tness  of the assignment  of the ab- 
sorpt ion at 3200-3280 cm -1 to the OH group tied up by hydrogen bonds. 

As previously  indicated [5, 6], f rom the rat io of the VNH bands at 3300-3500 cm -1 one may form a judg- 
ment regarding the p resence  and shift of an a m i n e - i m l n e  equilibrium and regarding the p resence  or  absence 
of N - - H . . .  N hydrogen bonds of the formazan  chain. 
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Fig. 1. [R spec t ra  of hydrazones I-IXa in chloroform.  
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Fig. 2. [R spectra of formazans X-XIX, 

Whereas only an absorption band at 3340-3360 cm -1, which charac te r i zes  VNH of the amino form, is 
observed in the IR spec t ra  of hydrazones of the aryl  ser ies  ([, II) in CHC13 solution, the [R spectra  of hydra-  
zones of benzotbiazole and benzoxazole (III-VI) contain two VNH bands, the higher-f requency band of which 
is related to VNH of the imine form. 

It should be noted that the intensity of the low-frequency band increases  sharply on passing f rom hydra-  
zones of salicylaldehyde to hydrazones of o-methoxyaldehyde,  whereas the intensity of the high-frequency 
band dec reases .  This can be explained e i ther  by a shift of the a m i n e - i m i n e  equilibrium to favor the amine 
form or by a change in the polar i ty  of the N - H  bonds, which gives r ise to the corresponding changes in the 
intensity of the VNH band. Only one high-frequency band is observed in the IR spectra  of benzimidazole 
hydrazones (VII-X) in CC14, i.e., in solution these compounds exist  in the [mine form.  The appearance of a 
second tautomeric  form is observed in ch loroform solutions of VIII and IXa, since a low-frequency band is 
also observed in the IR spec t ra  (Fig. 1). 

P r imar i l y  two absorption bands at 300-390 nm (Table 1) are  observed in the electronic spectra  of the 
hydrazones in CC14. One observes  a bathochromic shift of the long-wave band for  all of the hydrazones in 
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T A B L E  1. C h a r a c t e r i s t i c s  of the  H y d r a z o n e s  and F o r m a z a n s  

L 
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Ili 

IV 
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Vl 
vi i  

Ylll 

IX 

x 

xI 

xII 

xIII 

xIv 
xv 

xvI 

xvII 

xvItI  
xIx 

Empirical formula 

UV spectrum, 
Found, % Calculated, q~ Xmax ' nm 

C H N(S) C H N(S)  CCh 0 0 u 

CI3HI2N~.O 

CI4HI4N~O �9 0,2C 
CI4HIIN3OS 

CIsHI3NaOS 

CI4HIIN302 

CIsHI3N302 
C21HlsN~O �9 0,5C 

C~2H2oN40 

=2oH,6N40 �9 0,5C 

EIgHI6N40 

C20HIsN40 �9 0,5I~ 

C20HIsN~OS 

C21HITNsOS �9 0,5 

C~HITN5OS 
C20HIsN50 �9 0,5C 

C2~HIzN~O2 �9 2H2 

C27H~N60 

C26H2~N60 
C26H2aN60 

5 

1,,62 

0,27 

0~02 

0,82 

0,73 

0,81 

9,17 

0,02 

1.,07 

.1,02 

a c o m p o u n d s  I, I I I -VI ,  VIII,  and IX w e r e  r e c r y s t a l l i z e d  f r o m  p y r i d i n e -  
w a t e r ,  VII,  XIII -XV,  and XVII-XIX w e r e  r e c r y s t a l l i z e d  f r o m  a lcohol ,  X 
was  r e c r y s t a l l i z e d  f r o m  c h l o r o f o r m - a l c o h o l ,  XI was  r e c r y s t a l l i z e d  
f r o m  C H C 1 3 - h e p t a n e  , XII was  r e c r y s t a l l i z e d  f r o m  oc tane ,  and X V I w a s  
g e c r y s t a l l i z e d  f r o m  aqueous  a l coho l .  

pH 13-14.  
CThe p K a  va lues  w e r e  d e t e r m i n e d  with an  a c c u r a c y  up to  + 0.06. 
aShou lde r .  

a l c o h o l i c  a lka l i  so lu t i ons ,  and th i s  m a d e  i t  p o s s i b l e  to  s p e c t r o p h o t o m e t r i c a l l y  d e t e r m i n e  the  i o n i z a t i o n  con -  
s t a n t s .  T w o - s t e p  i o n i z a t i o n  is  o b s e r v e d  fo r  the  s a l i c y l a l d e h y d e  h y d r a z o n e s  (except  fo r  I), and two i o n i z a t i o n  
c o n s t a n t s  a r e  d e t e r m i n e d .  The  exponent  of the  f i r s t  i o n i z a t i o n  cons t an t  (10-11) c h a r a c t e r i z e s  i o n i z a t i o n  in -  
vo lv ing  the  h y d r o x y  g roup  and is  c l o s e  to  the  pK a va lue  of pheno l  o r  one unit  h i g h e r .  The  a c i d i t y  of t he  hy-  
d r o x y  g roup  i n c r e a s e s  f o r  the  h e t a r y l h y d r a z o n e s ,  ev iden t l y  due to the  a c c e p t o r  c h a r a c t e r  of the  h e t e r o r i n g .  
The  exponen t  of the  s e c o n d  i o n i z a t i o n  c o n s t a n t  r a n g e s  f r o m  12 to 13 and is  c l o s e  to  the  pK a v a l u e s  of o - m e t h -  
o x y b e n z a l d e h y d e  h y d r a z o n e s ,  in  which t h e r e  i s  only  one a c i d i c  g roup  (NH); we a s s i g n e d  i t  to  the  i o n i z a t i o n  
c o n s t a n t  of the  a m i n o  g r o u p .  We w e r e  unable  to  d e t e r m i n e  the  PKa(NH) va lues  f o r  a r y l h y d r a z o n e s  I and II, 
s i n c e  they  e v i d e n t l y  u n d e r g o  c o n v e r s i o n  to  a z o  compounds  in a l k a l i n e  m e d i a ,  a s  in  [7]. 

B e n z i m i d a z o l y l h y d r a z o n e s  VI I - IX have  the h ighe s t  pK a (NH) v a l u e s .  A d i f f e r e n c e  in  t he  a c i d i t y  of the  
a m i n o  g r o u p  as  a func t ion  of the  s t r u c t u r e  of the  a l d e h y d e  f r a g m e n t  i s  o b s e r v e d  f o r  b e n z o t h i a z o l y l  (benzoxazo ly l )  
h y d r a z o n e s :  The  pKa  v a l u e s  of I l l  and V a r e  ~ 0 .5-1  h i g h e r  than  the  PKa v a l u e s  of m e t h o x y  a na logs  IV and VI. 
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The shift of the a m i n e - i m i n e  equilibrium as a function of the solvent and the substituent attached to C 3 
and N 5 shows up even more  distinctly in the case  of formazans .  

The p resence  of an o-hydroxy group in 1 ,5-diphenyl-3-(o-hydroxyphenylformazan leads to cleavage of 
the IHB in the fo rmazan  grouping. Thus, in contras t  to t r iphenylformazan,  a broad absorption band at 3200- 
3400 cm -1 is observed in the IR spec t rum of fo rmazan  X in concentrated CC14 and CHC13 solutions, and a 
narrow absorpt ion band at 3350 cm -1, which can be assigned to the stretching vibrations of a f ree  NH group, 
and a band at 3200 cm -1, assigned to a hydroxyl group tied up in an IHB, appear  when the solution is diluted 
to a concentrat ion of 10 -3 mole / l i t e r .  A ra ther  strong N - H . . .  N or  N - H . . .  O in termolecular  hydrogen bond 
is evidently charac te r i s t i c  for this compound in concentrated solutions. 

An intense narrow VNH band is observed in the IR spectra  of 1 ,5-diphenyl-3-(o-methoxyphenyl)formazan 
in CCI 4 and CHCI3; this provides evidence for its existence in solution in an open amine form that is not tied 
up by hydrogen bonds. At the same time, the VNH band in this region, as in the case  of t r iphenylformazan,  is 
absent in the IR spec t rum of 1 ,5-diphenyl-3-(p-methoxyphenyl)formazan [2]. Rotation of the o-methoxyphenyl 
group relative to the C - C  bond and removal  of the phenyl ring f rom conjugation with the formazan grouping 
evidently lead to the conformational  i somer  (the ant i - t rans  form) in which the format ion of an IHB is impos-  
sible, as in the case of 1 ,5-diphenyl-3-(2,6-dimethoxyphenyl)formazan [2]. 

The VNH bands of the amine and imine forms show up distinctly in the IR spec t ra  of the 3-(o-hydroxy-  
phenyl)formazans of the benzothiazole and benzoxazole ser ies  CKII, XV). Moreover ,  a sharp increase  in the 
intensity of the VNH band at 3330-3365 cm -1, which is associated with a shift in the equilibrium to favor the 
amine form, is observed on passing f rom CCI 4 to CHC13 for XV. The imine form disappears  completely in 
the case of 1-phenyl-3-(o-methoxyphenyl)-5-benzothiazolyl(benzoxazolyl)formazans X[II and XVI. It is in- 
te res t ing  to note that doubling of the VNH band (Fig. 2), which can be explained by the appearance in solution 
of two three-d imensional  i somers  in the amine form, is observed in the spect ra  of these compounds. 

As in the case of 1,5-diphenyl-3- (o-methoxyphenyl)formazan, we made a compar ison  of the spectra  of 
XIII with the spec t ra  of its 3- (p-methoxyphenyl) analog XVI and showed that the posit ion of the methoxy group 
gives r ise  to a sharp difference in the intensity of the VNH band. 

Regardless  of the solvent, benzimidazole formazans  with an o-hydroxy group (XVII, XIX) exist in the 
imine form, and the p resence  of a methoxy group in place of a hydroxy group leads to the appearance in CHC13 
solution of the amine form, just as we observed for the corresponding hydrazone.  

An o-hydroxy group in the phenyl ring attached to the meso -ca rbon  atom, tied up by IHB, not only leads 
to cleavage of the IHB in the formazan  ring and to a shift in the tautomeric  equilibrium to favor the imine 
form but is also responsible for the deep color  of 3-(o-hydroxyphenyl)formazans in nonpolar solvents (CC14 
and benzene). The negative so lva tochromism of these compounds in polar  solvents [alcohol and dimethyl 
sulfoxide (DMSO)] is apparently explained by cleavage of the IHB and possible rotation of the o-hydroxyphenyl 
group relative to the C - C  bond; this should lead to removal  of this residue from conjugation with the formazan 
grouping. This solvent effect on the color  shows up par t icu lar ly  c lear ly  for  1,5-diphenyl-3-(o-hydroxyphenyl)-  
formazan.  A long-wave absorption band at 545 rim is observed in the spect rum of a CC14 solution of this com-  
pound, whereas in alcohol the intensity of this band decreases ,  and the intensity of the absorption band at 405 
urn increases ;  however, in DMSO there  is only one absorption band at 400 n_m, which is close in position and 
intensity to the absorption of this compound in alcoholic alkali. In contrast  to 3- (o-hydrox:y, phenyl)formazans,  
the i r  3-(o-methoxy) analogs have identical colors  in various solvents (Table 1). 

The electronic spect ra  of alcoholic alkali solutions of the formazans  are  charac ter ized  by a bathochromic 
shift of the absorpt ion bands as compared with the spect ra  of the formazans ,  except for X, for which a hypso- 
chromic  shift is observed.  The ionization constants of the formazans  were determined spectrophotometr ical ly .  
As in the case of the corresponding hydrazones,  two ionization constants were obtained for 1-phenyl-3-(o-  
hydroxyphenyl) -5-benzazolyl formazan.  The f i rs t  constant cha rac te r i zes  ionization of the hydroxy group and 
ranges f rom 10 -9 to 10 -11. The second constant per ta ins  to ionization of the NH group and ranges f rom 10 -12 

to 10 -13. In the case of 1,5-diphenyl-3-  (o-hydroxyphenyl)formazan we were able to determine only the pK a 
value of the hydroxy group, as in the case of the hydrazone.  It is interesting to note that the pKa(NR) values 
of 5-benzazolyl -3-(o-hydroxyphenyl) formazans  are ~ 2 units higher than the pK a (NH) values of the i r  methoxs, 
analogs. The low acidity of the NH group in o-hydroxyphenylformazans can be explained by the electron-  
donor effect of the ionized o-hydroxy group. 

The presence  of an o-hydroxy(methoxy) group in the phenyl ring attached to C 3 in the formazans  affects 
the i r  p roper t ies .  Thus, in cont ras t  to t r iphenylformazan,  1,5-diphenyl-3-[o-hydroxy(methoxy)phenyl]formazans 
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(X, XI) in solution in benzene and carbon  t e t r ach lo r ide  do not have photochromic  p r o p e r t i e s .  The imposs i -  
bil i ty of r ed -ye l low t rans i t ions  can be explained by the fact  that a chelate  f o rmazan  r ing with an [HB is ab-  
sent in fo rmazans  X and XI. Stable ve rdazy ls ,  to which t r iphenyl for rnazan  is readi ly  conver ted,  also cannot~ 
be isolated in the case  of f o r m a z a n  X. Highly colored rnethylation products  a r e  fo rmed  as a resu l t  of the 
reac t ion .  1 -Pheny l -3 - [o -hydroxy  (rnethoxy)phenyl]-5- (2-benzimidazolyl)forrnazans (XVII, XVIII) have r ed -  
blue i r r e v e r s i b l e  pho tochromism:  A red solution of forrnazan XVH in CC14 is rapidly conver ted  to a blue solu-  
tion, and a red solution of forrnazan XVIII is rapidly conver ted  to a g r een  solution. The co lo r  also changes 
f r o m  red to g r een  when a ch lo ro fo rm solution of forrnazan XVII or  an alcohol (acetone) solution of forrnazan 
XVIII is heated.  According to the resu l t s  of e l emen ta ry  analys is ,  the g r e e n  p rec ip i t a te  is the product  or  r e -  
action with the solvent .  

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

The IR spectra of saturated solutions of the hydrazones and forrnazans in carbon tetrachloride and chlo- 
roform in the LiF region were recorded with a UR-20 double-beam IR spectrometer in an 1-crn thick cuvette. 
The electronic spectra of 5 " 10 -5 M solutions of the compounds were recorded with SF-10, Specord UV-vis, 
and SF-4 spectrophotorne~ers. The ionization constants of the hydrazones and forrnazans were measured 
spectrophotometrically - t h e  pK~ (OH) values in a 50% alcohol-buffer solution (ammonium acetate buffer) and 
the PKa(NH) values by means of prepared alkaline solutions with known pH values [8]. 

Salicylaldehyde Phenylhydrazone (1). A saturated alcohol solution of 5.6 rnl (0.06 mole) of salicylalde- 
hyde was added to a saturated alcohol solution of 5 rnl (0.05 mole) of phenylhydrazine, and the mixture was 
heated for 20-30 rain. It was then cooled, and the light-yellow precipitate was removed by filtration and crys- 
tallized twice from pyridine-water (1 : 1) to give a product with rnp 140 ~ (rap 142 ~ [9]). 

The heterocyclic hydrazones (85-90~,0 yields) of salicylaldehyde (II[, V, VII, and IX) and o-methoxybenz- 
aldehyde (IV, VI, and VIII) were similarly obtained. 

o-Methoxybenzaldehyde Phenylhydrazone (If). A saturated alcohol solution of 8.4 g (0.06 mole) of o- 
methoxybenzaldehyde was added to 5 rnl (0.05 mole) of phenylhydrazine. At the end of the spontaneous reac- 
tion, the solution was evaporated, and the residue was triturated. The residue was then analyzed without addi- 
tional purification. The hydrazone was quite soluble in ether, alcohol, benzene, chloroform, and pyridine. 

1,5-Diphenyl-3-(o-hydroxyphenyl)forrnazan (X). A cooled (to 0 ~ solution of benzenediazoniurn chloride, 
obtained from 4.1 ml (0.045 mole) of aniline in 20 ml of HCI (1 : 1) and 3 g (0.045 mole) of sodium nitrite in 
20 ml of water, was added gradually to a cooled solution of 6.3 g (0.03 mole) of salicylaldehyde phenylhydra- 
zone (1) in pyrtdine, and the mixture was allowed to stand at 5-10 ~ for 1 h. The forrnazan was then precipitated 
by the addition of ice. Recrystallization from chloroform-alcohol (1 : I) gave a product with mp 196 ~ (rap 164- 
165 ~ [i0]) in 85% yield. " 

1,5-Diphenyl-3-(o-methoxyphenyl)formazan (XI) was similarly obtained and crystallized from chloro- 

form- heptane (1 : 3). 
1-Phenyl-3-(o-hydroxyphenyl)-5-benzothiazolylforrnazan (XII). A cooled (to 0 ~ solution of benzene- 

diazoniurn chloride, obtained as described above, was added gradually to a cooled solution of 6.5 g (0.03rnole) 
of hydrazone Ill in alcohol-pyridine (1 : I), and the mixture was allowed to stand at 5-10 ~ and pH 8 for 1 h. It 
was then acidified to pH 6-7 and treated with ice. The precipitated forrnazan was separated and crystallized 
f r o m  octane.  The yield was 80%. 

F o r m a z a n s  XIII-XIX were  s imi l a r ly  obtained. A g r e e n  prec ip i ta te  was obtained a f t e r  c rys ta l l i za t ion  of 
forrnazan XVII f rom ch loroform.  Found: C 67.5; H 4.7~ (C27H23N6)3"CHC13. Calculated:  C 67.1; H 4.7~o. 
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