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Abstract- IDl-aphic reduction of a series of substituted p i ~ i d i n O  

benzmidrazones, Za-g, along with the unsubstituted benzmidraeone 3 has 
heen investigated in 40% ( ~ 1 . )  ethanolic Witton-ldobinson buffers. For the 

sake of cap%ison, alw, the p la ro~raph ic  reduction of benzaldehyde phenyl- 

hydrazone $, benzaldehyde pnitrophenylhYarazone 5,  Kd benzmidine 5 has 

heen studied under similar corditions. The assigment of the waves Kd the 

reduction sch- are outlined. m e  %,2 values of the polarographic waves 

were mrrelated with the Hanrrett substituent constants. 

IlimmcrION 

RlUloLqh there are nrmerous studies dewted to the chemistry of Hnirfrazones (1) ,' the i r  plam 

graphic behavior has not yet been explored except for m recent study of the electroreduction of 

Hnirfrazones containing the rrorpholine ring.2 On the other hand, the pol-aphic reactivity of 

various other types of conpwds mntaining the a m t h i n e  grouping (Schiff bases, oximes, h w a z -  

3-11 
ones, senicarbawnes, etc.) bas been extensively studied. 

+ 
Presented a t  the Conbined Southeast-Southwest Regional Meeting, American Chenical Society, New 

Orleans, Iouisiana, D e c a k r  10-13, 1980. 



The present rep* sumnarizes the results of our study of the plarographic reduction of a series 

of ~ ~ , ~ ~ - d i s u b s t i t u t e d  amidrazones, 2.-La. The p k r c q a p h i c  reduction of the unsubstituted amid- 

razone 3, benzaldehyde phenylhydrazone 4, benzaldehyde rnitrophenylhydrazone 2, and benzamidine 

6 was also studied under similar cmditions for the sake of canparison. m e  t o  their p r  solub- 
?. 

i l i t y  in water, a l l  these mn~ounds (3) were studied i n  ethanolic aqueous buffer solutions 

containing 40% (vol.) of ethanol. 

RESIJLTS AND DISCUSSION 

Polamgraphic current-ptential curves of the amidrazones 2-3 shav the follauing general char 

acteristics. Belw pH 3.6, each ccmp3urd exhibits only one well-defined slx-electron wave, &, am3 

a t  3.8 < pH <6.85, an additional twzrelectmn wave, i+, a t  m r e  negative p ten t i a l s .  Abxre pH 

6.85, a third four-electron wave, &, appears and the wave& starts to disappear. Typical ph- 

ragrams of the amidrazone 2 in the pH range 2.4-11.4 are given in Fig. 1. The behavior of the 

amidrazone 3is  similar to that  of the mnidrazone~except  that its p l a r o g r m  do not exhibit 

the wave & (Fig. 2 ) .  The amidrazone 2 exhibits an additional four-el- wave &, which per- 

sists throughout the whole pH range studied. The polarcgraphic data obtained for the amidrazones 

2 ~ - %  a n d > &  pH 7.8 are given in Table 1 .  
I 

The limiting currents, il, of the waves & through &, are diffusion controlled. 'Ibis can be seen 

h c m  their linear depndence on the ancentration and frcm the linearity of the plot log Ll 

log where h is the mercury a l u m  height. The slopes of the 104 Ll-log h plots are in the 0.53- 
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Fig. 1. Polarcqaphic curves of benzinridrawne 3 (1.0 x a t  different pi values. 

0 . 5 5  range, the typical slope value for a diffusion-antrolled plarcgraphic wave being 0.50.12 

Logaritlmic analysis of the waves & thmugh & a t  different pH values suggests that they mr- 

respond to irreversible electroje processes. This is substantiated by the shi f t  of the half-wave 

p t e n t i a l s  towards m r e  negative values as  the concentration of the deplar izer  increases.13 The 

half-wave potentials of the waves & and & are pndeperdent whereas that  of & is a h s t  pH-in- 

dependent (Fig. 3 ) .  The limiting current of the wave was f n v d  to be pi-independent while the 

limiting -rents of the waves & Kd & decrease -4th increasing pH i n  the fonn of a dissociation 

curve (Fig. 4 ) .  

On the bsis of the above results, the wave & can be attributed to the reduction of the p n i t r o  

group to the p d n o  group. Ihe identity of th i s  wave in all respgts w i t h  the wave involving the 

reduction of the r n i t r o  substituent in benzaldehyde rnitrophenylhydrazone (Fig. 5) s w r t s  this 

ass igmat .  The absence of th i s  wave in the pl-ams of the inridrazone ,$provides an additional 

evidence. Ihe f w e l e c t r o n  wave & of the -zone is as& to correspnd to the reduction 

of fhe ?nitro group to the y h y d n z q l m  group, in agreerrent with the fact  that the F i t r o  

qmup i n  _mnitroknzaldehyde arylhydrazones is reduced in a fau-electron wave to the hydroxyl- 

anhe stage. 1 4  

'Ihe waves & and & mrrespnn to the reducticm of the irmidrawne grouping. A mnparison of these 



Fig. 2. Polarcgraphic nvves of benzmnidrazone 2 (1.0 x 10-%I a t  different pH values. 

t m  waves with the characteristic waves obswed for the hydrazones 4 (Fig. 6) and 5 (Fig. 5) r e  

veals a differewe in the reduction murse of the :=- grouping in irmidrazones and in hydr  

a m e s .  me absence of the waves i+ and & in acid media with pH (3.6 indicates that  the amidraz- 

ones, unlike the hydrazones, are ccnverted into plarographically inactive s p i e s  under such con- 

ditions. This assm@ion was s u p r t e 3  by the observation tha t  dissolution of amidrazone 3 in 

acetic acid (pH N 3) resulted in a facile cleavage of the p i F i d i n o  group and the f o m t i o n  of 

l-benzoyl-2-phenylh$razine which is plamgraphically inactive. Similar treatmnt of a l l  other 

ddrazones  2a-% resulted in the con-espding hydrazides. This conclusion is further s u p r t e d  

by the ob-ation that  the plamgrams of an authentic -1e of l - b e n z o y l - 2 - p 1 i ~ ~ y l h y c l r  

azine are similar to h e  of amidrazone 3 a t  pH < 3.6 and have only the reduction m e  & 
(Fig. 7 ) .  ~auwer, the absence of waves & a t  pH <3.6 (and & a t  pH (6.5)  can be due not only 

to hy3rolysis but also to a simple overlap of the waves by the hydrcgen evolution current. 



Table 1. Typical Polangraphic Data for Benzamidrazones 2-$ a d  3 in 40% (vol.) Ethanolic 

mitton-Robinson M f e r  (pH 7.851 a 

ccmp3una W"'& Wave i+ %ve J 

No. - E l  V i W E 1 2  ) i1 P )  CLD -%/2 (V) il (W) dg 

2a - 0.78 1.41 1.00 1.35 0.54 0.51 1.77 1.13 0.96 

2b - 0.72 1.40 1.06 1.38 0.51 0.53 1.80 1.10 0.97 

2c - 0.71 1.42 1.11 1.40 0.52 0.62 1.79 1.10 1.07 

%we i+ for mnpound 2, El,2 (Vl , -0.56; Ll (PI , 0.91. The transfer coefficients, an, were 

deeamirm3 frcm the slopes of the logarithmic analysis plots. b ~ t  pH 8.40. 

I o w a v e  i, 

Fig. 3. Depenaence of the half-M & n t i a l s  of the 

Folarographic waves of benzamidrazone 2 on pH. 

The available data allav the following 

mnclusions thich are presented in 

Schwe 1. EUrthemnre, the following 

in fomt ion  is available. The twr 

electronprocess does not yield the 

hydrazone which makes the c leavage 

of the C-piperidine bond in i+ imp- 

bable. Aniline and piperidine were de- 

tected m n g  the prducts  obtained fran 

the controlled-ptential e l s t r o l y s i s  of 

the amidrazone a t  pH 6.1. It is asslrme3 

that in acid media, the WN bond is re- 

duced i n  a b w e l s t r o n  wave (&) d 

that this leads to the midine d ani- 

l ine derivatives. The g1,, of  the wave 

I+ is ~H-dependent due to the precelirq 

acid-base quilibrim. In neutral to 



A w a v e  ib 

o w a v e  iC 
I I I I I I 

2 4 6 8 10 12 
pH 

Fig. 4.  Dependence of the plarographic limit- 

ing nurents of the waves of benzamid- 

razone 2 on pH. 

alkaline media, the .midine in t emdia te  

can be further reduced i n  a four-electron 

step (wave &) to the corresprding amine and 

piperidine. An authentic -1e of the 

m i n e  5 exhibits a far-electron reduction 

wave identical i n  a l l  respects with the wave 

i recorded for the midrazone 3 d e r  the 
--C 

sam experimental corditions. This finding 

excludes all the p s s i b l e  schemes i m l v i n g  

a hydrazone intermediate. The abnre a n -  

clusion is further supprted by the ohsenat- 

ion that the hydrazones ?, and 5 are reduced 

in a fourelectron process in acid media to 

give amines and, unl&e the mnidrazones under 

study, they give no waves in solutions with 

pH >8. 

Scheme1 

Reduction of amidrazone 2 

To shed m r e  l ight  on the reduction mechanism of the amidrazones 2a-2, the El,2 values of the 

waves i+ and & observed for these cmpurds  were correlated with the Himmett substituent mnstants 

U and 8.15 The transfer e f f i c i e n t ,  an, r a i n s  practically constant within the reaction 



-4 
Fig. 5. mlarographic curves of benzaldehyde pnitrophenylhydrazone (1.0 x 10 M) in 40% (vol.) 

ethanolic buffer solutions a t  different pH values. 

Fig. 6 .  Polarcgraphic curves of benzaldehyie phenylhyirazone (2.0 x 10-~@) in 40% (vol.) ethamolic 

buffer solutions a t  different pH values. 

series as ascertained by the observation that  the gIl2 pH plots for the ccmpounds under study 

were practically parallel (cf. Table 1 ) .  This is the necessary condition for a quantitative cor- 

relation. The results  of a s ta t i s t ica l  treatment of the data a t  pH 7.85 us* the least  squares 

mthcd are slmnarized in Table 2. It can be seen £ran the values of the correlation coefficients 

that the El,2 values are better mrrelated with the 8 rather than the U constants. This finding 

suggests that the amjugation of the substituent with the amidrawne nwiety is not important enough 

to prokce a noticeable effect. 



Table 2. Results of the Statist ical  h e a m t  of the El,2 Data Using the 2 and b Constants 

wive S, wa"e & 

$ 8  -1/2 - sc ' d  - r - ne pa -1/2 8 - sC - r - n e 

8 0.256 -1.34 0.006 0.993 6 0.367 -1.75 0.011 0.990 5 

d 0.222 -1.34 0.016 0.952 6 0.315 -1.75 0.025 0.957 5 

%eaction constant. bIntercept of the regression line. 'standard deviation in &el- 

ation e f f i c i e n t .  %mkr of p i n t s .  

- 0 . l V v s . S C E  
Fig. 7. Polarographic curyes of 1-henzoyl-2-rnitraph~yIhyaL-azine (1.6 x lom4!) in 40% (val.) 

ethanolic buffer solutions a t  different DH values. 

MPERE%mrAL . 

Cmwun3s. The HnidrazFes &-$ and 2 were synthesized from the mrrespnding arenecarbohydrazo- 

noyl b r a n i d e ~ l ~ ' ~ ~  and piperid.ine i n  ethanol. The aqmunds were crystallized f m  ethanol to a 

constant melting p i n t .  Their physical constants are given in Table 3 .  Stock solutions (10'~~) 

were prepared in ethanol. The Exitton-Robinson buffers w e  prepare3 as  previously described. 18,19 

Polarograph~. The p l a r q r -  were recorded using a pen-recording LP-60 plarograph (Labratomi 
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~~~ ~-~~ ~ 

Canpound MP, OC b b l .  f o m l a  Nitrogen, 8 

No. Calcd. Found 

2 147-148 ~ 1 8 ~ 2 0 ~ 4 ~ 2 ~  17.27 17.19 

2b 176 C19H22N402 16.55 16.60 

2c - 184-185 C19H22N403 15.81 15.77 

?d, 138-140 C18H19Eh-N402 13.89 13.88 

% 177 C18%9cm402 15.61 15.48 

2f 148-149 C18H19Cm402 15.61 15.54 

29 - 172 C18H18C12N402 14.24 14.30 

2h - 179-180 C18H19N504 18.96 19.00 

3 -. 103 ~18%',b 15.04 15.01 

Calcd. ( F d I  C, 66.64 (66.54); H, 6.21 (6.00) %. bArml. Calcd. (Found) C, 77.38 

(77.401; H, 7.57 (7.53) %. 

P t i s t r o j e ,  Prague, Czechoslovakia). A Pmlabo Ti t r imeter  @%-meter, &el TS 4N. was used to 

Eamre the pH values. The pHmeter readings were calibrated before and checked a f t e r  each 

m e a s w m t  uskg standard aqu- buffers  wi th  pH's 4.01 and 7.00 ? 0.01. 

Po la rq raph ic  current-voltage curves were recorded in solut ions  p l a d  in a c e l l  with an  imnersed 

c a l m 1  electrcae (-face area 12.5 mZl ard a dropping mercury elect ro3e wi th  & = 3.75 sec anl 

m = 2.18 rrg/sec at a 57 an height  of t h e m -  re se rvo i r  and 0.00 V. The junction between the - 

two W - c e l l s  was ammpl i shed  through a s in te red  g l a s s  disc ( ~ 4 )  in the wal l  of the plarogra- 

phic cell. 

Ethanolic buffer  so lu t ion  (9.0 ml, 33.3 % vol.)  containing 1 ml of ThyloseSL 600 solut ion (0.005%) 

was t r ans fe r red  into the cell ard deaerated by a str- of n i t r q e n  f o r  2 min. The amidrazone 

stc& solut ion (1.0 ml) was then added and, after add i t iona l  deaeration f o r  2 min, t h e  p l a r o -  

graphic nuve was recorded and the apparent pH value of the solut ion was measured. 

Controlled-Potential E l e b r o l y s i s .  The n d ~ ~  of e l ec t rons  t r ans fe r red  in the e l e c t m d e  process 

was determined m u l a n e t r i c a l l y  fol laving the method of ~ i n ~ a n e ~ '  and using a cell similar to that 

described by Mandek and ~ r n . ~ l  I n  each run a 30% ethanol ic  buffer  solut ion (31.5 ml) was 

s t i r r e d  by n i t r o g e n  f o r  30 m i n ,  t h e  emf was a d j u s t e d  t o  a v a l u e  0 . 3  V more  negative 

than the of the carpaurd under s a y ,  and the e l e c t r o l y s i s  was continued f o r  20 min. The enf 



was r e a d j u s t e d  t o  a va lue  0 . 1  V more nega t ive  than t h e  E of t h e  wave t o  be  s t u d i e d ,  
% 

and 3 .5  r n l  of t h e  amidrazone s t o c k  s o l u t i o n  were added. A s t ream of  n i t rogen  was 

being passed through and t h e  changes of the limiting current with time were determined 

by recording the plarogram a t  selected intervals during a p e r i d  of 2 h. TIE n- of electrons 

transferred, n, was calculated using the equation: 

where Lo is the cvrrent a t t  = 0 when C = 5;  y is the v o l m  of the solution in l i t e r s ;  and 

d 1cq Y d t  is the slope of the plot of lo9 A t. The n m k r  of electrons transferred in the 

electrade processes &, i+, and & of the amidrawne 2 was found t o  be approximately 6.0,  2 . 0 ,  

and 4 .0 ,  r e s p e c t i v e l y .  

Identification of Controlled-Potential Electrolysis Prducts. The solutions obtained after  corn 

plete electrolysis of the HRidrazone2 in four runs were c d i n e d  and concentrated to one tenth 

of their original v o l m .  Aniline and piperidine were identified in the resulting mixtwe by 

standard wt tests.  22 
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