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The ortho effect  of  a ni t ro group in newly synthes ized  1-benzoth iazo ly l -5- (o-n i t rophenyl )  
f o rmazans  was invest igated.  It  is shown that  these  compounds exis t  in solution as chela tes  
with the par t ic ipa t ion  of the ni t ro group. The a c i d - b a s e  and t h e r m o c h r o m i e  p r o p e r t i e s  of 
the fo rmazans  were  studied. 

The effect  of ortho subst i tuents  (CH3, OH, CO,H)  in the 5 posit ion of the phenyl r ing on the s t ruc tu re  
and p rope r t i e s  of benzoth iazo ly l formazans  was examined in [2, 3]. It was noted that  in all  c a se s  one ob-  
s e r v e s  a s t e r i c  effect  of the subst i tuent  that  a lso  affects  the s t ruc tu re  of the f o r m a z a n s  and the i r  complex -  
ing p r o p e r t i e s .  Our invest igat ions have shown that  the introduction of a ni t ro  group into the ortho posi t ion 
has a substant ia l  effect  on the state of  the t au tomer i c  equi l ibr ia  of  the f o r m a z a n s .  

The ortho effect  of  the ni t ro group was studied for  a s e r i e s  of  benzothiazolyl  f o rmazans  (Table 1) as 
compa red  with the analogous p rev ious ly  descr ibed  [1] compounds containing a ni t ro  group in the p a r a  pos i -  
t ion re la t ive  to N(5)o A dist inct  band of VNH v ibra t ions  is obse rved  in the IR spec t ra  of I -V in CC14 at 3200- 
3500 cm -1 (Table 1). The dec rea se  in the f requency of the s t re tch ing  v ibra t ions  by 40-60 cm -I  as compared  
with the VNH bands of fo rmazans  containing a p -n i t ro  group [1] makes  it ooss ible  to a s sume  the p r e sen ce  
of an i n t r amo lecu l a r  hydrogen bond of the type: 
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i.e~ the o -n i t ro  group is included in the fo rmat ion  of a chela te  r ing ( s t ruc tu re  A).  This  so r t  of i n t r a -  
mo lecu l a r  hydrogen bond in molecules  with rr conjugation should cause  a ba thochromic  shift  of the ab-  
sorpt ion band in the e lec t ronic  s p e c t r a  s i m i l a r  to that which was es tabl ished in [4, 5] in a study of the 
s t ruc tu re  and eIec t ronic  s p e c t r a  of o-n i t roani l ine .  In fact ,  the long-wave absorpt ion band for  I -V in neu-  
t r a l  solvents  (CC14 and benzene) is shifted ba thoehromica l ly  by 20-30 nm as compared  with the p a r a  
analogs,  

The ionization constants  of I -VI  were  m e a s u r e d  (see Table  1 for  the pK a values) .  The acid p r o p e r -  
t ies  of f o r m a z a n s  containing an o -n i t ro  group a re  reduced  as compa red  with p -n i t ropheny l fo rmazans .  The 
l inea r  re la t ionship  between AVNH and ApK a of the fo rmazans  (Fig. 1) is a conf i rmat ion  that  the d i f fe rences  
between the compounds are  due to i n t r amolecu l a r  hydrogen bonding. The deviat ion of point 4 f rom this  
line is a s soc ia t ed  with the fact that  it is difficult to evaluate  the AVNH and ApK a va lues  for  IV, inasmuch as 
the p re sence  of i n t e rmo lecu l a r  hydrogen bonds [1] that  affect  the magnitude of the pK a value of the f o r m a -  
zan and the posit ion of the VNH frequency is c h a r a c t e r i s t i c  for  1 -benzo th i azo ly l -3 -H-5 -{p -n i t ropheny l ) fo rma-  
z a n o  

* See [1] for  communica t ion  XXXVII. 
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Fig. 1. Dependence of ApK a on AVNH [ApK a = p K  a of 1-benzoth iazoly l -5- (o-n i t rophenyl )  
f o rmazan  ( o ) - p K  a of  1 -benzo th iazo ly l -5 - (p -n i t ropheny l ) fo rmazan  (p), A V N H = V N H ( p  ) - 

VNH(o)]: I) I; 2) II; 3) III; 4) IV; 5) V. 

Fig. 2. Light-absorption curves of formazan I in a propanol-buffer solution (pH 8.6) at var- 
ious temperatures. 

The p re sence  of a phenyl group at tached to the meso  carbon atom in II and of an e l e c t r o n - a c c e p t o r  
ni t ro  group in benzothiazole V p rom ot e s  pa r t i a l  opening of the chelate r ing of s t ruc tu re  A and the a p p e a r -  
ance of a t au tomer ic  fo rm with a f ree  amino group [the IR spec t r a  contain a second ~ H  band at 3340 (V) 
and 3335 (II) cm -1, Table 1]. 

The behavior  of 1 -benzo th iazo ly l -3 -methy l -5 - (2 ,4 -d in i t ropheny l ) fo rmazan  (VI), f o r  which the o-  o r  
p -n i t ro  group has the dominant effect  on the s t ruc tu re  and p rope r t i e s ,  depending on the c h a r a c t e r  of the 
solvent,  is pecul ia r .  Only the PNH absorpt ion  band at 3290 cm -1 c h a r a c t e r i s t i c  for  o -n i t ropheny l fo rmazans  
I -V is obse rved  in the IR spec t rum of fo rmazan  VI. The e lec t ron ic  spec t r a  of  VI in nonpolar  solvents  a re  
a lso  s i m i l a r  to the spec t r a  of fo rmazan  I, while the ni t ro group in the p a r a  posi t ion has the m a x i m u m  ef -  
fect on the acid p r o p e r t i e s  and the co lor  of the compounds in po la r  solvents .  The pK a values  of VI and 
1 -benzo th i azo ly l -3 -me thy l -5 - (p -n i t ropheny l ) fo rmazan  (VII) a re  close (Table 1), and the e lec t ron ic  sp ec t r a  
of  fo rmazan  VI in alcohol and acetone contain the absorpt ion  band of the anionic fo rm (kma x 644 nm).  

All of the informat ion s tated above provides  a bas is  for  a s suming  that  the p re sence  of an i n t r a m o l e -  
cu la r  hydrogen bond, the poss ib i l i ty  of the fo rmat ion  of which was p rev ious ly  a s sumed  [6] for  a r y l f o r m a z a n s  
with an o -n i t ro  group, is c h a r a c t e r i s t i c  for  fo rmazans  containing an o -n i t ro  group.  

It was of in te res t  to invest igate  the t h e r m o c h r o m i e  p r o p e r t i e s  of I -VI  in o r d e r  to compare  them with 
the prev ious ly  studied t h e r m o c h r o m i s m  of 1 -benzo th iazo ly l -5 - (p -n i t ropheny l ) fo rmazans  [1] in aqueous 
alcohol solution. It was found that  fo rmazans  I -VI  do not undergo a change in co lor  on heating in aqueous 
alcohol solut ions.  T h e r m o c h r o m i c  t r ans i t ions  ( red-v io le t )  were  obse rved  when alcohol buffer  solutions 
with pH values  c lose  to the pK a values  of the compounds were  used, but the t r ans i t i ons  were  l ess  dist inct  
than in the case  of  p -n i t ropheny l fo rmazans .  Thus an i sopies t ic  point is absent  in the spec t rum of I, and 
the ba thochromic  shift between the t h e r m a l l y  induced and s ta r t ing  f o r m s  is 60 nm (Fig. 2), while it r eaches  
120 nm for  1 -benzo th i azo ly l -3 -me thy l -5 -  (p-n i t rophenyl ) formazan .  The r eason  fo r  the s m a l l e r  t h e r m a l  
induction effect  of  I -V is,  on the one hand, the b lue r  co lor  of  the s t a r t ing  form,  which has a chelate s t r u c -  
ture  (kmaxVII 475, kmaxI  510 rim), and, on the o ther  hand, the deepe r  co lor  of  the t h e r m a l l y  induced form,  
which is an anion (XmaxVii 606 nm, )~maxI 568 am) .  In con t ras t  to I-V,  an isopies t ic  point is obse rved  in 
the spec t rum when an alcohol buffer  solution of  fo rmazan  VI (pit=8.2) is heated, and the ba thochromic  shift 
is 180 nm, i .e. ,  it is close to VII with r e spec t  to its t h e r m o c h r o m i c  p r o p e r t i e s .  

Thus the unique c h a r a c t e r  of the o -n i t ro  group is mani fes ted  both in the s t ruc tu re  of  the fo rmazans  
and in the i r  p r o p e r t i e s .  

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

The IR s p e c t r a  of  sa tu ra ted  CC14 solutions were  r eco rded  with a UR-20 s p e c t r o m e t e r  at 3200-3500 
cm -I  (LiF p r i s m ) .  The e lec t ron ic  s p e c t r a  were  r eco rded  with an SF-4 spec t ropho tomete r .  The pK a values  
of the compounds were  de te rmined  as in [1]. 
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TABLE 1 
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CH3 H ,o-NO~ 

C6H5 H !o-NO~ 

CH(CH3)2 H Io-NOo 
H H io-NO~ 

Ct% XO..[o-NO[ 

CH~ IH o,p-Di-NO2 

CH3 i H Ip'N02 

* Shoulder  

Z~9 CC14 

. 3o5 G 
3335 550 
3280 , 

I 
3295 i546 
3285 504 

3340 5 0 
3290 1564 
3290 480 

562* 
3435 1458 

,3354 I 

)~max, n m  I 

be lac~. lal[ , alcoa! nzene - -  !c- ihol 
it. e lb. 1 !NaO_H,_ 

480 i470 1510, 565 ! 
560* 560* i ! 

I t i ! 
520--580 508 508 1580 , 

',57o I58o] I 
548 154o 5601 558 

I ' I 

488 476 506 560 I 
550" I ] 

486--510 '182 5641 564 
1606 ] 

480 1464 466! 644 
540 ~:: !640 644 
480 i468 475i, 606 

i 

pK~ 

9,03-+ 0,05 

993 • 

10,69• 

~,19• 

7.75-0,05 

8.35• 

8,20• 

T A B L E  2. C h a r a c t e r i s t i c s  of  the Compounds  Obta ined  

Com- 
pound 

I 
II 

111 
IV 
V 

Vl 

mp, "C Empirical 
formula 

220a C.~}L2NGO~S 
205 a I C20H,4N60~S d 
198 a ] C~7HITN60~S 
235b  C14HIoN602S 
250 c ! C,6H~2NvO4S 
255C I CI6HI~N70~S 

53,5 
59,9 
55,7 
51,1 
46,3 
46,9 

Found.% 

H J N 

3,6 
3.7 
4,4 2~,9 
3,1 25.8 
3,0 24,8 
3,O 25,1 

' Calc., % 

C I H 

52,9 3,5 
59,7 ' 3,5 
55,6 4,6 
51,5 3,1 
46,7 2,9 
4,6,71 2,9 

m 

22,7 
25,8 
25,4 
25,4 

a F r o m  a lcohol ,  b F r o m  n i t r o m e t h a n e - a l c o h o l  ( 1 :1 ) .  c F r o m  
n i t r o m e t h a n e ,  d Found: S 7~ Calcu la ted :  S 7.9%. 

1 - B e n z o t h i a z o l y l - 3 - H - 5 - ( o - n i t r o p h e n y l ) f o r m a z a n  (IV). This  compound  was obta ined  by the method  
used  to p r e p a r e  1 - b e n z o t h i a z o l y l - 3 - H - 5 - ( p - n i t r o p h e n y l ) f o r m a z a n  [1]. F o r m a z a n s  I -HI ,  V, and VI weze 
obta ined by coupl ing of  the a pp rop r i a t e  h y d r a z o n e s  with a solut ion of  the o - n i t r o b e n z e n e d i a z o n i u m  sal t .  
The r e s u l t s  of  e l e m e n t a r y  ana lys i s  and the me l t i ng  points  o f  the compounds  a re  p r e s e n t e d  in Table  2. 
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