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~- (6 -Methy l -2 -benzo th i azo ly l ) -~ -pheny l -~ - (2 ,6 -d in i t ropheny l )bydrazy l  and ~ - ( 2 - m e t h y l -  
6-benzoth tazoly l ) -a -phenyl - - f l - (2 ,6-d in i t rophenyl )hydrazyl  and the i r  cor responding  hydra -  
zincs were  synthesized,  The p rope r t i e s  of the compounds obtained were  inves t igated by I1~, 
UV, and vis ib le  spec t roscopy .  The i r  complexing ability was studied by an optical  method 
and f rom the i r  e l ec t r i ca l  conductivity.  The ESI~ spec t r a  of the radica ls  were  recorded .  
The l imit ing cu r r en t s  and reduction potentials  of the hydraz ines  on a dropping m e r c u r y  
e lec t rode  were  found. The charge  and spin densi t ies  of the compounds were  calculated by 
means  of the Hiickel MO and MacLachlan  methods.  It was demons t ra ted  that the h y d r a -  
zines fo rm unstable  c h a r g e - t r a n s f e r  complexes  in b e n z e n e - p i p e r i d i n e  solutions; the cha-  
r a c t e r i s t i c s  of these  complexes  depend on the s t ruc tu re  of the R l ~ ' N - N H - h y d r a z i n e  r e s i -  
due. 

The r e su l t s  of the invest igat ions in [1, 2] provide  a bas i s  fo r  assuming  that the p rope r t i e s  of solutions 
of hydrazy l  radica ls  cannot be desc r ibed  without taking the pecul ia r i t i es  of the medium into account.  The 
synthes is  and invest igat ion of the p rope r t i e s  of a - ( 6 - m e t h y l - 2 - b e n z o t M a z o l y l ) - ~ - p h e n y l - f i - ( 2 , 6 - d i n i t r o -  
phenyl)hydrazyl  (I) and a - (2 -methy l -6 -benzo th iazo ly l ) - a J -pheny l - f i - (2 ,6 -d in i t ropheny l )hydrazy l  (II) cons t i -  
tute the subject  of tiffs communicat ion.  The re la t ionship  between the s t ruc tu re s  and p rope r t i e s  of a - ( 6 -  
me thy l -2 -benzo th iazo ly l ) - a -pheny l - f i - (2 ,6 -d in i t ropheny l )hydraz ine  (III), ce- (2-methyl -6-benzotMazoly l ) -  
a -pheny l - f l - (2 ,6 -d in i t ropheny l )hydraz ine  (IV), oz,oz-diphenyl-f i-(2,6-dini trophenyl)hydrazyl  (V), and a,c~- 
d ipbenyl -p- (2 ,6-d in i t rophenyl )hydraz ine  (VI) is also examined.  The synthesis  of I-IV was accompl ished  
via the following scheme:  

1t3c/ "%/  ~ S CI6H5 
y l l  

N NO2 NO2 

II |  CoH-o ~O 2 I Call5 / N O  2 

" VI I I  C~it5 IV CGH5 NO 2 II C6H5 NO 2 
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Fig .  1 F ig .  2 

F ig .  1. E x p e r i m e n t a l  kinet ic  curve  and anamorphos i s  fo r  the 
reduct ion  of the r a d i c a l  with N-pheny l - f l -uaph thy lamine  in 
toluene at  20 ~ (0.366 �9 10 -4 m o l e / l i t e r  r a d i c a l  and 2.33- 10 -~ m o l e /  
l i t e r  amine,  l a y e r  th ickness  4 cm, X 620 nm). 

F ig .  2. E x p e r i m e n t a l  kinet ic  curve  and anamorphos i s  for  the 
reduct ion of the r ad i ca l  with N-pheny l - f l -naph thy lamine  in toluene 
at 20 ~ (0.475.10 -4 m o l e / l i t e r  r ad i ca l ,  1.525 - 1 0  - 2  m o l e / l i t e r  
amine,  l a y e r  th ickness  4 era, h 620 nm). 
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Fig. 3. Specific conductivity of 
the benzene- p iper id ine-hydra-  
zine system as a function of the 
piperidine concentration (n is 
the volume ratio of piperidine 
and a benzene solution of,hydra- 
zine (1 �9 10 -2 m o l e / l i t e r ) :  1) in 
the absence  of hydraz ine ;  2) by_ 
d raz ine  III; 3) IV; 4) VI. 

Hydraz ines  III and IV a r e  r ead i ly  oxidized by lead dioxide in 
benzene o r  ch loroform solut ions to the co r re spond ing  r ad i ca l s  (I, H). 
Only r ad i ca l  II could be i so la ted  from solution.  

To de t e rmine  the r e a c t i v i t i e s  of the r a d i c a l s ,  we reduced them 
to the s t a r t i n g  p i c r y l h y d r a z i n e  with N - p h e n y l - p - n a p h t h y l a m i n e .  The 
reac t ion  is f i r s t - o r d e r  in both the r ad i ca l  and amine.  The e x p e r i -  
men ta l  kinet ic  cu rves  and t h e i r  anamorphoses  a r e  p r e sen t ed  in F i g s .  
1 and 2. The ra te  constants  fo r  the reduct ion of hyd razy l s  I and II 
a r e  1.36 �9 10 -2 and 3.56 �9 1 0  - 2  l i t e r / m o l e - s e c .  

The r e su l t s  of an inves t igat ion of b e n z e n e - p i p e r i d i n e  solut ions 
of hydraz ines  III, IV, and VI indicate  that  they exis t  as complexes  
with the medium.  Thus the conduct ivi ty  of b e n z e n e - p i p e r i d i n e  so lu -  
t ions of hydraz ines  HI, IV, and VI is cons ide rab ly  h igher  than the 
conduct ivi ty of benzene solut ions of the hydraz ines  or  p i p e r i d i n e -  
benzene solut ions in the absence  of hydraz ine  (Fig. 3). The a p p e a r -  
ance of a s m a l l  c h a r a c t e r i s t i c  maximum at 500 nm and of an intense 
maximum at 320 nm as the p iper id ine  concent ra t ion  r i s e s  (Table  1) 
is obse rved  in the e lec t ron ic  s p e c t r a  of III in benzene solut ions.  
However,  the absence  of a c l e a r l y  e x p r e s s e d  inflection on the con-  
duct ivi ty  curves  and the low in tens i ty  of the maximum in the long- 
wave region of the e lec t ron ic  spec t rum indicate  that  the degree  of 

charge  t r a n s f e r  in the complexes  of hydraz ines  III, IV, and VI with p iper id ine  is  sma l l .  The d i f ference  in 
the po la rog raph ic  reduct ion  potent ia ls  of III, IV, and VI (Table 2), however ,  as well  as the d i f ference  in the 
op t ica l  p r o p e r t i e s  of t h e i r  complexes ,  indica te  that  the degree  of charge  t r a n s f e r  depends on the c h a r a c t e r  
of the RR 'N- -NH--hydraz ine  r e s idue  in these  compounds.  It is  na tu ra l  to a s s u m e  that  the complex of the 
f i -d in i t rophenyl  subst i tuent  in these  compounds with p iper id ine  should be m o r e  s tab le ,  the lower  the bas i c i ty  
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TABLE i. Parameters of the Electronic Absorption Spectra 

Corn- 
S o lven t  ~, max. ~max2, Ig 8maxl lg gmax~ 

pound nm nm 

I 
II 
V 

III 
IV 
VI 
III 
IV 
VI 

Benzene 

|r 

Piperidine 

360 
340 
320 
355 
585 

32O 
385 

600 
550 
520 

5O0 

4,17 
4,11 
4,11 
3,61 
3,50 

4,26 
3,50 

3,76 
3,54 
3.69 

3,66 

T A B L E  2. H a l f - W a v e  P o t e n t i a l s  a n d  L i m i t i n g  C u r r e n t  C o n s t a n t s  

Hydrazine [E, h 1, ,% 1E,]2 l-, K~ [E, h 5 Ks 

III 
IV 
VI 

0,22 
0,28 
0,29 

2,82 
2,06 
3,47 

0,895 
0,86 
0,89 

2,5 
4,15 
4,39 

1,26 
1,42 
t,465 

26,8 
17,7 
29,34 

TABLE 3. 

Hydrazines 

Corn- UNH, 
pound c m - t  

II 

III 3288 rn 
1614 m 

IV 3312 mw 

V 

VI 3320 w 
1622 m 

C h a r a c t e r i s t i c  A b s o r p t i o n  B a n d s  o f  R a d i c a l s  a n d  

Asyrnm. 1 
uNO2,cm- 

1537s 

1532-- 
1530 vs 

1537--1534s 

1530 vs 

Symm. : -1 
UNO2 �9 cm~l U C a r -  I'~ Other bands, cm 

c m - 1  

1346s 1300 s 1208 - -  N - C a r  
1500 s - -  benzene 
1498 s - -  ring 

1344m�9 1318vw 655 w - - C - S  
I295m 
838 w 
7 1 2 m  

1344w 1300m 652 w - - C - S  
831 w 
712m 

1343 m 1314 w 1560 mw 
1287 m 1208' m - -  N - C a r  
820 w 
718rn 

852 - -  marked increase 

1536 in intensity 774 - -  new band, not in 
the s tar t inghydrazine 

s 1338 mw 1300 s 
823 
713 m 

* F r e q u e n c y  o f  t h e  b a n d  t h a t  c o r r e s p o n d s  t o  t h e  p r e s e n c e  o f  a 

- N - C a r  b o n d  i n  d i p h e n y l p i c r y l h y d r a z y l  ( D P P H ) ,  ] 2] 5 c m  -1 .  A 

s i m i l a r  b a n d  i s  a l s o  o b s e r v e d  i n  t h e  s p e c t r u m  o f  t e t r a p h e n y l h y d r a -  

z i n e  ( 1 2 0 9  c m - 1 ) .  

of the hydrazine moiety in III, IV, and VI, and vice versa. The experimental data on the determination of 

the basicities of VII and VIII demonstrated that the basicities of these compounds are practically the same, 

and the K B values are 9.93 �9 10 -12 and 7 �9 10 -12, respectively. The effect of a fi substituent in the investi- 

gated systems is apparently more complex and is possibly associated with the structural peculiarities of 
t h e  c o m p l e x  i n  s o l u t i o n .  

An analysis of the IR spectra of Ill, IV, and VI (Table 3) demonstrated that the characteristic frequen- 
cies of the symmetrical and asymmetric vibrations of the nitro groups in these compounds are independent 
of the nature of the hydrazine component. In the crystalline state, the investigated hydrazines apparently 
form intermolecular complexes, the donor component in which is the hydrazine part of the molecule, while 
the aceeptor component is the dinitrophenyl portion. In connection with the greater (in comparison with 

solutions) static character of the crystalline state, the stability of such intermolecular complexes is quite 
high. The latter stipulates the absence of an effect of the hydrazine portion of the molecules on the dinitro- 

phenyl portion, and, in the end, one notes practically complete coincidence of the frequencies of the charac- 

teristic absorption bands of the dinitrophenyl residue. The electronic spectra of the investigated hydrazines 
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Hfickel MO charge  dens i t i e s  of hydraz ines  III, IV, and 

in benzene (Table 1) d i f fer  cons ide rab ly  f rom one another  in connection with the high dynamic c h a r a c t e r  of 
the sy s t em as c o m p a r e d  with the c r y s t a l l i n e  s ta te ,  and, consequent ly ,  with the cons ide rab l e  weakening - if 
not to ta l  des t ruc t ion  - of the i n t e r m o l e e u l a r  complex,  which ex i s t s  in the c r y s t a l l i n e  s ta te .  

It is noteworthy that  2 ,6 -d in i t ropheny lhydrazy l s ,  including I and II, a r e  cons ide rab ly  l ess  r eac t i ve  
compounds than t h e i r  p i c ry l  analogs [3] in the dehydrogenat ion of secondary  amines .  If one takes  into 
account that the p i c r y l  de r iva t ives  of d i a r y l h y d r a z i n e s  fo rm m o r e  s t ab le  complexes  with amines  than the 
2 ,6-d in i t rophenyl  de r iva t ives  do, it can then be a s s um e d  that  one of the de te rmin ing  s teps  in the reduct ion 
of the r a d i c a l s  with amines  is the fo rmat ion  of complexes .  The m o r e  s tab le  the complex of the r a d i ca l  with 
the reducing agent,  the h igher  the r a t e  of reduct ion,  and vice  v e r s a .  

It is apparen t  that  the ce r t a in  c o r r e l a t i o n  of the spin dens i t i es  on the f l -n i t rogen  atoms in I and II 
(Fig. 4) with the ra te  constant  for  t h e i r  reduct ion  by amines  is acc identa l ,  s ince  it has been demons t r a t ed  
on the bas i s  of a l a rge  amount of expe r imen t a l  data [4] that  t h e r e  is no such dependence in a s e r i e s  of h y d r a -  
zyl  r a d i c a l s .  

The quan tum-chemica l  ca lcu la t ions  of  the spin dens i t i es  of r a d i c a l s  I and II were  p e r f o r m e d  a c c o r d -  
ing to the MacLachlan  method,  while the charge  dens i t i es  of r ad i ca l s  I and II and hydraz ines  III, IV, and VI 
were  ca lcu la ted  by means  of Hfickel MO. An idea l i zed  p lana r  molecu le  in which i n t e r m o l e c u l a r  in te rac t ion  
was d i s r e g a r d e d  was taken as the model  for  the ca lcu la t ions .  However,  s ince  a l l  of the expe r imen ta l  m a t e -  
r i a l  p r e s e n t e d  above ind ica tes  nonmonomolecu la r  s t r u c t u r e s  fo r  I-IV and VI, the ce r t a in  c o r r e l a t i o n  between 
the ca lcu la t ed  spin dens i t i e s  and the expe r im e n t a l  values  that were  obtained by ESR spec t ro scopy  mus t  be 
cons ide r ed  to be acc identa l .  

In o ther  words ,  quan tum-chemica l  model ing for  such s y s t e m s  (in which pronounced i n t e r m o l e c u l a r  
in te rac t ion  has  been proved) p roves  to be inval id and does not c o r r e s p o n d  to the r ea l  s ta te  of the subs tance .  
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Fig .  4b. MacLachlan  spin dens i t ies  (upper) and Hfiekel MO 
charge  dens i t i e s  of r a d i c a l s  I and II. 

EXPERIMENTAL 

The electronic absorption spectra were recorded with SF-4 and SF-10 spectrophotometers. The IR 

spectra of KBr pellets of the compounds were obtained with a Ul~-20 spectrophotometer. 

The ESR spectra of degassed solutions of the radicals (10-3 mole/liter) were obtained with an RE- 

130] radiospectrometer. The HFS parameters were calculated with an M-20 computer by means of optimi- 
zation of the mean - squa re  deviat ion of the o rd ina tes  of the expe r imen ta l  s p e c t r a  f rom the t h e o r e t i c a l  (see 
Table  4). The e l e c t r i c a l  eonduct iv i t ies  of benzene solut ions of complexes  of hydraz ines  III, IV, and VI with 
p ipe r id ine  were  m e a s u r e d  in a t h e r m o s t a t t e d  ce l l  with pa l l ad ized  e l ec t rodes  at 24~ and an e l ec t rode  vo l -  
tage  of ~100 V. The r e su l t s  of the inves t iga t ions  a r e  p re sen ted  in F ig .  2. 
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TABLE 4. I so t rop ie  HFS P a r a m e t e r s  of the ESR Spec t ra  

Compound A1/A, A~+A2, Oe Aj• Oe A~+-0,15,Oe 6H--_0,I5, Oe 

I 0,50 17,08 5,71 11,37 6,29 
I I 0,69 16,94 6,92 10,02 5,45 
V 0,69 17,54 7,16 10,38 5,53 

The po la rograph ic  reduct ion was p e r f o r m e d  with an LP-60 po la rograph  using 0.4-2.0 �9 10 -4 M solut ions 
of the hyd raz ines  in anhydrous d ime thy l fo rmamide  with 0.1 M t e t r ae thy l ammon ium iodide as the bacT<ground. 
A dropping m e r c u r y  e l ec t rode  was used  as the cathode,  and the unpo la r i zab le  anode was sludge m e r c u r y .  
The c a p i l l a r y  p a r a m e t e r s  were :  t = 2.6 sec  when H = 400 and m = 1.3 m / s e c .  The r ecord ings  were  made at 
24 ~ f rom 0 to - 2  V.* 

a-(6-Methyl-2-benzothiazolyl)-a-phenyl-fi-(2,6-dinitrophenyl)-hydrazine (III). A mix tu re  of 5 g of 
VII and 4.2 g of 1 ,2 ,3 - t r in i t robenzene  in ethanol was ref luxed for  1 h. The p r ec ip i t a t e  that  fo rmed  on coo l -  
ing was c r y s t a l l i z e d  f rom c h l o r o f o r m - a l c o h o l  (1 : 2) to give 2 g (24.4%) of yellow needles  with mp 170-172 ~ 
(dec.) that  were  s l ight ly  soluble  in benzene and alcohol  and quite soluble  in ch lo ro fo rm and acetone.  Found: 

C 56.76; H 3.83; N 16.70%. C20ti15N5045. Calculated:  C 57.00; H 3.59; N 16.62%. 

a-(6-Methyl-2-benzothiazolyl)-a-phenyl-fl-(2,6-dinitrophenyl)-hydrazyl (I). This  compound was ob-  
ta ined  by the oxidation of III with a tenfold amount of lead dioxide in ch lo ro fo rm.  All a t tempts  to i so la te  
the r ad i ca l  f rom the solution give i ts  decompos i t ion  product  - a c o l o r l e s s  subs tance  that we could not iden-  
t i fy .  Instantaneous deeo lo r i za t ion  of the solut ion was obse rved  when the violet  solut ion was t r e a t e d  with 
hydroquinone.  The resu l t ing  mix tu r e  y ie lded  an a lmos t  quant i ta t ive  amount of III, which was ident i f ied 
f rom the authentic,  syn thes ized  compound. The r e su l t s  of inves t iga t ions  of the v i s ib le ,  UV, and IR s p e c t r a  
p rov ide  a bas i s  for  assuming  that  the product  of the oxidation of III is r a d i c a l  I. 

a-(2-Methyl-6-benzothiazolyl)-a-phenyl-fl-(2,6-dinitrophenyl)-hydrazine (IV). A mix ture  of 5 g of 
VIII and 4.2 g of 1 ,2 ,3 - t r in i t robenzene  in 150 ml  of ethanol was ref luxed for  30 rain. The alcohol  was p a r -  
t i a l ly  r emoved  by d is t i l l a t ion ,  and the resu l t ing  p r e c i p i t a t e  was s e p a r a t e d  and d i s so lved  in c h l o r o f o r m .  The 
solut ion was ch roma tog raphed  ove r  ac t iv i ty  III A120 3, and the eluate  was evapora ted  to one th i rd  of i ts o r i g -  
inal  volume.  A twofold volume of ethanol  was added to the hot ch lo ro fo rm solution,  and the mix tu re  was 
cooled to p r ec ip i t a t e  a r e s inous  subs tance ,  which was conver ted  to an orange  powder  by t r e a t m e n t  with 
hyd roch lo r i c  acid.  The orange  powder  was washed thoroughly with wa te r  and v a c u u m - d r i e d  to give a p r o d -  
uct with mp 90 ~ (dec.). The product  was quite soluble  in CHC13, ethanol,  and benzene,  and s l ight ly  soluble  

in hexane.  The y ie ld  was 3 g (36.6%). Found: C 56.99; H 3.61; N 16.57%. C20H~sNsO4 S. Calcula ted:  C 

57.00; H 3.59; N 16.62%. 

a-(2-Methyl-6-benzothiazolyl)-c~-phenyl-fl-(2,6-dinitrophenyl)hydrazyl (II). A 0.5-g sample  of IV was 
oxid ized  by means  of 5 g of lead dioxide in ch lo ro fo rm.  The sed iment  was removed ,  and the ch lo roform was 
vacuum-d i s t i l l ed  to one th i rd  of i ts  o r ig ina l  volume,  di luted with heptane,  and al lowed to s tand in the cold 
for  a long t ime .  The p r e c i p i t a t e  was r emoved  by f i l t r a t ion  and vacuum-dr ied  (10 -3 mm for  10 h at 20 ~ to 
give 0.3 g (60%) of a lmos t  b lack  c r y s t a l s  with mp 81-82 ~ {dec.) that  were  quite soluble  in CHC13 and benzene,  
and s l ight ly  soluble  in heptane.  Reduction of H with hydroquinone gave s t a r t ing  IV, which was ident i f ied 
f rom an authentic,  syn thes ized  sample .  Found: C 56.65; tt 3.42%. C20H14NsO4S. Calculated:  C 57.14; 

H 3.33%. 
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* Hydrazy l s  could not be reduced  under  these  condi t ions,  s ince  they in te rac t  with the background,  and the 
v iole t  co lo r  pecu l i a r  to the r ad i ca l s  van i shes .  The p o l a r o g r a m  of the product  of this  in te rac t ion  is ident i -  
ca l  to those  of the hydraz ines .  
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