
SOME P R O P E R T I E S  OF o ~ - ( 6 - M E T H Y L - 2 - B E N Z O T H I A Z O L Y L ) -  

~ - P H E N Y L -  f l - P I C R Y L H Y D R A Z Y L ,  ~ - ( 2 - M E T H Y L - 6 - B E N Z O -  

T H I A Z O L Y L ) - ( ~ - P H E N Y L - f i - P I C R Y L H Y D R A Z Y L ,  AND T H E I R  

H Y D R A Z I N E S  

R.  O. M a t e v o s y a n ,  N. I .  A b r a m o v a ,  
Yu .  A. A b r a m o v ,  V. N. Y a k o v l e v a ,  
A.  K.  C h i r k o v ,  L .  A. P e r e l y a e v a ,  
V .  A.  G u b a n o v ,  V .  I .  K o r y a k o v ,  and  O. B.  D o n s k i k h  

UDC 541.67:547.789.6:543.422 

The structures and properties of a-(6-methyl-2-benzothiazolyl)-a-phenyl-fi-picrylhydrazyl, 
a-(2-methyl-6-benzothiazolyl)-a-phenyl-p-picrylhydrazyl, and their corresponding hydraz- 

ines and complexes were studied by means of IR, UV, and visible spectroscopy and electrical 
conductivity. The half-wave potentials and limiting currents for reduction on a dropping mer- 
cury electrode were found for the hydrazines. The charge and spin densities of the investi- 

gated compounds were calculated by the Hiickel MO and MacLachlan methods. It is shown that 
in the case of strong interaction with a medium the characteristics of the trinitrophenyl groups 
of the picrylhydrazines are practically the same, regardless of the structure of the hydrazine 
residue bonded to them. 

It is shown in [I, 2] that the simplest hydrazyl-diphenylpicrylhydrazyl (DPPH) - exists in solutions 
as a charge-transfer complex with solvent molecules. 

The aim of this investigation is an explanation of the dependence between the structures and proper- 
ties of two isomeric radicals and their hydrazines in solution, viz., a-(6-methyl-2-benzothiazolyl)-a- 

phenyl-fl -picrylhydrazyl (1), a - (2 -methyl-6-benzothiazolyl) -a-phenyl- fi-picrylhydrazyl (II), c~ - (6-methyl- 
2-benzothiazolyl)-a-phenyl-fi -picrylhydrazine (Ill), and o~-(2-methyl-6-benzothiazolyl)-a-phenyl- fl-picryl- 
hydrazine (IV). 

For comparison, data were also obtained for DPPH and its hydrazine (DPPH h) and for sym-trinitro- 
benzene (TNB). 

It is known that the frequency of the asymmetrical vibrations of the nitro groups for aromatic com- 
pounds is more sensitive to a change in the structure of the aromatic residues than the frequency of the 
symmetrical vibrations. In III, IV, and DPPHh, the frequencies of the symmetrical vibrations are constant, 
while the frequencies of the asymmetrical vibrations of the nitro groups for these hydrazines are also 
practically constant and are almost the same as those for TNB. 

The potentials for the reduction of the nitro groups of TNB and the indicated picrylhydrazines differ 
only slightly (Table 3). The conductivities of the piperidine complexes of pierylhydrazines III and IV and 
DPPH h and TNB are practically identical (Fig. i). 

Benzene solutions of Ill and IV do not have maxima at 280-500 nm (Table 2). Two maxima at 320- 
340 and 420-440 nm appear when piperidine is added to them. The maximum at 430 nm is characteristic 
for the complex of TNB with piperidine [4], and the short-wave maximum (320-340 nm) is identified from 
the absorption maxima of the corresponding diarylhydrazines: a-(6-methyl-2-benzothiazolyl)-o~-phenyl- 
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TABLE 1. C h a r a c t e r i s t i c  A b s o r p t i o n  Bands of Rad ica l s  and H y d r a -  
z i n e s  

Frequency, am "I 

Compound ~N,I WNO=J" vC a~-N < ~ >N--Car 

DPPHh* 

DPPH 

III 

IV 

II 

3260 

3288w 

3295w 

ACHM. 1548VS 
CHM. 1343 VS 
ACaM. 1530VS 
CaM. 1330 VS 
ACaM. 1542 VS 
C~M. 1344m 
ACnM. 1546 S 
CnM. 1344VS 
ACaM. 1536 s 
CHM. 1330 VS 

1306 s 

1295 s 

1306 m 

1303 m 

1300w 
decrease in in- 

temity 

1215 m 

1214 w-m 

* The  va lues  p r e s e n t e d  for  D P P H  and D P P H  h c o n c u r  with the  data  
in [3, 4]. 

F o r  1 , 3 , 5 - t r i n i t r o b e n z e n e ,  a s y m  1550 cm -1 (vs) and sym 1340 
c m  -1 (vs). 

TABLE 2. E l e c t r o n i c  A b s o r p t i o n  Spec t r a  

8max 2, 
Compound liter/mole, cm 

I 
II 
DPPH 
Ill 
IV 
DPPH h 
DPPH h + piperidinc 
Ill + pipe~idine 
IV + piperidine 
DPPH+pyddine 
I + p~idinr 
II +-i)yridine 
Ill + pyridine 
c~ ,e~- ]~iphenylhydraz. 
V 
VI 

~'max I, 
nm 

360 570 
340 540 
320 525 
No absorption 
No absorption 

320 
325 430 
320 440 
345 430 
320 525 
325 450 
340 540 

430 
295 
310 
317 

~,max2, 8max 1' 
nm liter/mole �9 cm 

9400 
10620 
11900 

6200 
12300 
24000 
182O0 
12200 
6000 

11200 

1~50 
23750 
13250 

6750 
9800 
8500 

16600 
21000 
18000 
8600 
4100 
9500 
7400 

h y d r a z i n e  (V) and a - ( 2 - m e t h y l - 6 - b e n z 0 t h i a z o l y l ) - ~ - p h e n y l h y d r a z i n e  (VI) (Table  4). A b e n z e n e  so lu t ion  of 
D P P H  h has  a m a x i m u m  at 320 n m .  A m a x i m u m  a ppe a r s  at 430 n m  d u r i n g  complex ing ,  while  a s m a l l  sh i f t  
and an i n c r e a s e  in  i n t e n s i t y  is  o b s e r v e d  for  the m a x i m u m  at  320 n m  [4]. 

On the b a s i s  of the above,  it  can  be a s s u m e d  that  as  a r e s u l t  of complex ing  of ]II, IV, and D P P H  h with 
p i p e r i d i n e  due to c o n s i d e r a b l e  c h a r g e  t r a n s f e r  f rom p i p e r i d i n e  the re  is  a p r o n o u n c e d  weaken ing  of the bond 
of the p i c r y l  g roup  wi th  the h y d r a z i n e  n i t r o g e n  a tom,  and by v i r t u e  of th i s ,  the i nd iv idua l i t y  of the d i a r y l -  
h y d r a z i n e  r e s i d u e  is  m a n i f e s t e d  m o r e  h e r e  than  in  be nz e ne  so lu t ions  of the i n v e s t i g a t e d  h y d r a z i n e s .  In  
o the r  words ,  the p i c r y l  r e s i d u e  in  the e x a m i n e d  compounds  t u r n s  out to be,  as it  were ,  doubly bonded.  In  
benzene  so lu t ions  of III, IV, and D P P H  h the i n t e r m o l e c u l a r  i n t e r a c t i o n s  a re  w e a k e r  as e x p r e s s e d  in  t h e i r  
d i f f e ren t  c o n d u c t i v i t i e s ,  which depend  on  the s t r u c t u r e  of the h y d r a z i n e  bonded to the t r i n i t r o p h e n y l  g roup .  
In  addi t ion ,  the r e d u c t i o n  po t en t i a l s  of 2 , 6 - d i n i t r o p h e n y l h y d r a z i n e s  V and VI and d i phe ny l hyd r a z i ne  and the 
conduc t iv i t i e s  and op t ica l  p a r a m e t e r s  of t h e i r  b e n z e n e - p i p e r i d m e  so lu t i ons  a l so  depend on the p e c u l i a r i t i e s  
of the h y d r a z i n e  c o m p o n e n t . *  

Al l  of th i s  p r o v i d e s  a b a s i s  to suppose  tha t  III,  IV, and D P P H  h f o r m  c h a r g e - t r a n s f e r  c omp l e xes  in  
b e n z e n e - p i p e r i d i n e  so lu t i ons ,  in  the c r y s t a l l i n e  s ta te ,  and du r ing  r e duc t i on  on a dropping  m e r c u r y  e l e c t r o d e ;  
wi th in  the l i m i t s  of t he se  c o m p l e x e s ,  the p i c r y l  g roup ing  d i sp lays  p r o p e r t i e s  which a re  independen t  of the 
r e s i d u e  bonded  to i t .  

* This  i s  the sub j ec t  of a spec i a l  c o m m u n i c a t i o n .  
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T A B L E  3. Ha l f -Wave  Po ten t i a l s  and L imi t ing  C u r r e n t  Cons tan t s*  

Compound [e,/:5 1" [E,/212:1: [E,/213 [E,/4, [E '/4~** K, ] Ks K4 
t 

III 
Iv 
DPPH h 
i, 3, 5-Trinitro- 
benzene 

0,075 
0,058 
0,077 

0,47 
0,47 
0,497 

0,727 
0,692 
0,737 
0,64 

0,987 
0,985 
0,993 
1,045 

1,33 
1,34 
1,415 
1,33 

202 / 4 271 
1,17 4,27 
1,81 1,81 t 2,11 
- -  1,36 ! 1,09 

I 

* D e p o l a r i z e r  c o n c e n t r a t i o n  c = 0.8 m m o l e / l i t e r .  
1. When the h y d r a z i n e  c o n c e n t r a t i o n  is i n c r e a s e d  above 0.8 m m o l e /  
l i t e r  the a c c u r a t e  d e t e r m i n a t i o n  of  E l /  of the f i r s t  wave is h inde red  

2 
as a c onse que nc e  of d i s t o r t i on  of the wave due to the m a x i m u m .  F o r  
1 , 3 , 5 - t r i n i t r o b e n z e n e  the m a x i m u m  appea r s  when c = 0.2 m m o l e / l i t e r .  
$ The height  of the s econd  wave r e m a i n s  a l m o s t  unchanged  when the 
c o n c e n t r a t i o n  is i n c r e a s e d .  N e v e r t h e l e s s ,  this  wave  appea r s  only for  
p i c r y l h y d r a z i n e s  and does  not appea r  fo r  2 , 6 - d i n i t r o p h e n y l h y d r a z i n e s  
and 1 , 3 , 5 - t r i n i t r o b e n z e n e .  
* * The fifth wave is m a r k e d l y  d i s t o r t ed  by the m a x i m u m ,  p a r t i c u l a r l y  
at c o n c e n t r a t i o n s  above 0.8 m m o l e / l i t e r .  The a c c u r a c y  of the d e t e r -  
mina t ion  of Et/2.and K is consequen t ly  lowered .  K = J/cm2/3T1/6,  
whe re  J is in m ~ c r o a m p e r e s ,  c is in m i l l i m o l e s  pe r  l i t e r ,  m is the 
dropping  r a t e  (in m i l l i g r a m s  pe r  second) ,  and T is the dropping  t ime  
(in seconds ) .  

I =--,Z-o-,3 

& ,ol S 
72'~ 

ld 

1.1d 8 

7 
E 
tD -9 .1.10 

7 
C 

1.10"- 

3 

10-8t 

I 2 3 4 5 6 7 8 9 n 

Fig .  1 F ig .  2 F ig .  3 

F ig .  1. Specif ic  conduc t iv i ty  of  the b e n z e n e - p i p e r i d i n e - a c c e p t o r  s y s t e m  as a funct ion of the 
p iper id ine  c o n c e n t r a t i o n  (n is the vo lume ra t io  of  p iper id ine  and a benzene  so lu t ion  of  the a c -  
c e p t o r  with a c o n c e n t r a t i o n  of 1 �9 10 -2 m o l e / l i t e r ) :  1) in the absence  of a c c e p t o r ;  2) with 
s y m - t r i n i t r o b e n z e n e ;  3) with D P P H h ;  4) with HI; 5) with IV. 

F ig .  2. Specif ic  conduc t iv i ty  of  the b e n z e n e - h y d r a z y l - p y r i d i n e  s y s t e m  as a funct ion of  the 
pyr id ine  c o n c e n t r a t i o n  (n is the vo lume ra t io  of pyr id ine  and a benzene  solut ion of  the 
h y d r a z y l  with a c o n c e n t r a t i o n  of 1 �9 10 -2 m o l e / l i t e r ) :  1) in the absence  of h y d r a z y l ;  2) with 
D P P H ;  3) with I; 4) with II.  

F ig .  3. V o l t - a m p e r e  c h a r a c t e r i s t i c s  of  benzene  solut ions  of:  1) D P P H h ;  2) I I I ;  3) IV. 
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Charge densit ies (Hiickel MO) of DPPH h, III, and IV. 

Spin densit ies (MacLachlan, upper number) and charge densit ies (Hiickel MO) of DPPH, 

TABLE 4 

Radical A, /A2 A~+A2, Ah A2, 6H-+0,I O c  Oe Oe Oe 

1 
1I, 
DPPH 

0,607 
0,841 
0,83 

16,81 
17,68 
17,G8 

6,35 
8,08 
8,03 

10,46 
9,60 
9,65 

6,12 
5,51 
5,29 

Interes t ing resul ts  were obtained during an investigation of the proper t ies  of I, II, and DPPH. Thus, 
in the IR spec t ra  of II and DPPH (the IR spec t rum of I was not obtained since this radical  is not isolated in 
the crysta l l ine  state) a dec rease  in the frequencies of the asymmet r ica l  and symmet r i ca l  vibrations of the 
nitro groups f rom 1546 to 1536 cm -1 and f rom 1344 to 1330 cm -1 is observed,  and the intensities of the 
band at 1300 cm -1 decrease  appreciably for  both rad ica l s .  Finally, a new band of medium-weak intensity 

at 1214 cm -1. The la t ter  can probably be assigned to the >N--C~p grouping. appears  

Close resu l t s  are observed in a study of the conductivities of pyridine complexes of I, II, and DPPH. 
However, according to the pa rame te r s  of the e lect ronic  and ESR spect ra ,  the investigated radicals  are dif- 
ferent .  The hydrazyls  also differ substantial ly in react ivi ty .  The rate constant of the react ion of I with 
benzylphenylamine is a lmost  two o rders  of magnitude g rea t e r  than for  II. DPPH is virtually unreact ive 
with this amine. 

As a l ready noted, in benzene solutions the interact ion of I, II, and DPPH with the medium is small  in 
compar ison  with such donors  as piperidine or  pyridine.  A considerable  difference is therefore  observed 
in the e lect ronic  ESR spec t ra  as a function of the s t ruc ture  of the hydrazine component of these radica ls .  

I t  is apparent  that the reduct ion proceeds  through the formation of an intermediate  complex in which 
the picryl  group is blocked, and the rate of hydrogen t r ans fe r  f rom the amine to the hydrazyl  ni trogen is 
a l ready determined by the s t ruc ture  of the hydrazine res idue.  
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It should be noted that both I, II, and DPPH as well as the complexes of their  hydrazines  with piper id-  
ine are cha rac te r i zed  by the appearance of maxima at 320-360 nm. In addition, a decrease  in the intensity 
at 1300 cm -1 and the appearance of a new band at 1208-1214 cm -1 are noted for  DPPH and the complex of 
DPPH h with piperidine [4]. The format ion of stable complexes apparently leads to substantial energy 
changes in the sys t em.  In this respec t ,  the disappearance of the absorption maximum of I in the visible r e -  
gion with simultaneous preserva t ion  of the shor t -wave maximum and the appearance of the charac te r i s t i c  
absorption of the complex of I with pyridine (Table 2) is remarkable ;  the solution remains  paramagnet ic  in 
the p rocess .  

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

Molecular  Spectra .  The IR spect ra  (Fig. 1) were obtained with a UR-20 double-beam IR s p e c t r o -  
photometer .  The samples  were prepared, as KBr pellets.  The spec t ra  of identical substances investigated 
as pellets and minera l  oil pastes  coincided. In view of the complex s t ruc tu res  of the compounds invest i -  
gated, the spec t ra  of model compounds were obtained. The resul ts  are presented in Table 1. 

UV and Visible Spectra.  The e lect ronic  absorption spec t ra  of benzene solutions of the following were 
obtained with an SF-4 spec t rophotometer :  radicals  DPPH, I, and II; hydrazines  DPPHh, III, and IV (1 ' 10 -3 
m o l e / l i t e r ) ;  complexes of these radicals  with pyridine; and complexes of their  hydrazines  with piperidine 
(Table 2). 

Conductivit ies.  The conductivit ies of benzene-p ipe r id ine  solutions of hydrazines  HI, IV, and DPPH h 
and of benzene -py r id ine  solutions of rad ica ls  I, II, and DPPH (Figs. I and 2) were investigated with a setup 
s imi la r  to that descr ibed in [5]. The conductivities of benzene solutions of hydrazines  IH, IV, and DPPH h 
are presented in 'F ig .  3. 

Po la rography .  The reduction of 1 ,3 ,5- t r ini t robenzene,  HI, IV, and DPPH h on a dropping m e r c u r y  
electrode was c a r r i e d  out with an LP-60  polarograph.  Dimethylformamide solutions of the hydrazines  (0.4 
to 2 m m o l e / l i t e r )  with a background of a 0.1 M solution of te t rae thylammoninm iodide in anhydrous d im-  
e thylformamide were studied. Sludge m e r c u r y  was used as the unpolarizable e lectrode.  The capi l la ry  
pa rame te r s  were T = 2.6 sec,  and m = 1.3 m g / s e c  for H = 400 ram. The recordings  were obtained at f rom 
0 to -2  V. In addition, the anode wave f rom +0.25 to -0.1 V was obtained. All of the investigations were 
ca r r i ed  out at 24 ~ The resul ts  of the polarographic  investigations are presented in Table 3. 

ESR Spectra .  Degassed benzene solutions of I, II, and DPPH (1 �9 1 0  - 3  mole / l i t e r )  were obtained with 
I 

an RE-1301 r ad iospec t rome te r .  The hfs constants were constructed with an M-20 computer  via a method 
s imi la r  to that descr ibed  in [6] (Table 4). 

Quantum-Chemical  Calculat ions.  The calculation of the spin densit ies of I, II, DPPH were ca r r i ed  
out according to the method of MacLachlan,  while the charge densit ies for  I, II, DPPH, HI, IV, and DPPHh 
were  calculated using the Hiickel MO method. The resul ts  are indicated in the formulas  in Figs .  4a and 4b. 
The ma jo r  p a r a m e t e r s  for the calculation were the same as those used in [7], while the pa r ame te r s  for the 
CH 3 group were  taken f rom [8]. 
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