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The po l a rog raph i c  behavior  in d i m e t h y l f o r m a m i d e  of the o - ,  p - ,  and 

m - i s o m e r s  of 5 - (n i t r opheny I ) -2 - fu r fu r a l  and their  benzoy lhydrazones  

has b e e n  s tudied.  These compounds  g ive  one  o n e - e l e c t r o n  and one 

t h r e e - e l e c t r o n  wave  of the r educ t ion  of  the nitro group,  the co r re -  

sponding h a l f - w a v e  potent iaIs  be ing  cons ide rab ly  more  nega t ive  than  

the h a l f - w a v e  potent ia ls  of 5 - n i t r o - 2 - f u r f u r a l  and the corresponding 

n i t robenza ldehydes .  In the case  o f  5 - ( o - n i t r o p h e n y l ) - 2 - f u r f u r a l  and its 

benzoy lhydrazone ,  a hyd rogen  bond is fo rmed  be tween  the nitro group 

and the furan  r ing or the a m i d e  g roup ing  of the side cha in ,  which  
leads  to a cons iderab le  shift i n t h e  potent ia l s  i n t h e  n e g a t i v e  d i rec t ion .  

Because of the h igh  e l e c t r o r e d u c t i o n  potent ia l s ,  the benzoy lhydrazones  

of the 5 - (0% p - ,  and m - n i t r o p h e n y l ) - 2 - f u r f u r a l s  have  no an t i bac t e r i a l  

and fungis ta t ic  ac t iv i ty .  

The polarographic  behavior  of the 5-(0- ,  p- ,  and 
m - n i t r o p h e n y l ) - 2 - f u r f u r a l s  (I) and their  benzoylhydra-  
zones (II) [1, 2] is  of i n t e re s t  f rom the point of view of 
e lucidat ing the ease  of addition of an e lec t ron to the 
molecules  of these compounds and charac te r i z ing  
some fea tures  of their  e lec t ronic  s t ruc tu re ,  and also 
for explaining the high an t ibac te r ia l  act ivi ty  of these 
compounds. 

NO2 ~ [ NO2 ~ f1 

We have ca r r i ed  out a study of the e lec t roreduc t ion  
of these compounds at a dropping m e r c u r y  electrode 
(DME) in N ,N-d ime thy l fo rmamide  (DMF), in which 
all  these compounds a re  fa i r ly  read i ly  soluble and in 
which their  e lec t ro reduc t ion  is not complicated by the 

adsorption of the electroactive substances on the DME; 
in addition, DMF possesses a high differentiating 
capacity (in this medium, the half-wave potentials of 
the nitro group depend strongly on the o ~ constant of 
the substituents and the value of the PTr constant in the 

equation AE1/2 = EI/2X - El/2 H = p .  ~0 exceeds 0.60 

V[3]. For  compar ison,  we also recorded under  identical  
condit ions the curves  of o-, m- ,  and p-n i t robenzaldehydes  
and their  benzoylhydrazones  and those of 5 - n i t r o - 2 -  
fur fura l  and its benzoylhydrazone and some of the 
s imples t  der iva t ives  of 5- (p-n i t rophenyl ) furan  in o r -  
der  to evaluate the conduction of the polar  effect of 
a subst i tuent  through the bicycl ic  system.  The half- 
wave potentials  and the l imi t ing  cu r r en t s  of all  the 
compounds studied a re  given in the table. 

The influence of the chemical  s t ruc tu re  {s shown 
pa r t i cu l a r ly  on the value of El/2 for the f i r s t  wave. 

In an aprot ic  medium (DMF), all  the ni t ro com-  
pounds studied give two polarographic  waves of the 
reduct ion of the n i t ro  group, of which the f i r s t  is a 
one -e l ec t ron  wave and the second a t h r ee -e l ec t ron  
wave. The f i r s t  stage of c lec t roreduct ion  leads to the 
fo rmat ion  of the cor responding  anion rad ica l  and the 
second to the fur ther  reduct ion of the free anion rad i -  
cal to the hydroxylamine der iva t ive  [4, 5]. All three 
5 - (n i t ropheny l ) -2 - fu r fu ra l s  are  reduced at cons ider -  
ably more  negative potent ials  than 5 - n i t r o - 2 - f u r f u r a l  
and the cor responding  ni t robenzaldehydes.  The same 

No. 

1 

2 
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4 
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8 
9 

t0 

]I 
12 
13 
t4 
15 

16 

[7 

Half-Wave Potentials El/2* and Limiting Currents ili m of the 
Nitro Derivatives in Dimethylformamide (2 x 10 -4 M solution 

of the depolarizer; support: 0.I N solution of LiCI) 

Name of the compound 

5-Nitro-2-furfural 
o-Nitrobenzaldehyde 
m-Nitrobenzaldehydc 
p-Nitrobenzaldehyde 
5-(o-Nitrophenyl)-2-fur fural 
5-(m-Nitr ophenyl)-2-fur fur al 
5-(p-Nitrophenyl)-2-furfural 
5-(p-Nitro phenyl)-2-acet ylfuran 
5-(p-Nitro phenyl)fur an 
5-(p-Nitrophe nyl)fur an-2-carboxylic acid 

5-Nitro-2-furfural benzoylhydrazone 
o-Nitrobenzaldehyde benzoylhydrazone 
m-Nitrobenzaldehyde benzoylhydfazone 
p-Nitrobenzaldehyde benzoylhydrazone 
5-(o-Nitro phe nyl) fur fur al benzoylhydrazone 

5-(m-Nitro phenyl)furfural benzoylhydrazone 

5-(p-Nitrophenyl)fur fur al benzoylhydrazone 

First wave 

- -  ~1/2' ilim' 
~A 

0.24 0,4 
0.41 0.9 
0.49 0.5 
0.35 0.5 
0.57 0,5 
0,52 0,5 
0.45 0,6 
0.51 0.4 
0.58 0,4 
0.54 0.6 

0.42 0.4 
0.6t 0,6 
0,57 0.5 
0-59 0.5 
0.64 0.5 

0,55 04  

0.54 0.4 

Second wave 

- -  Eff~, ilim, 
V ~tA 

0.45 0.7 
0.55 2.4 
0.78 1.7 
0,60 0.7 
0.67 1.6 
0.79 2.0 
0,70 1.7 
0.74 1.4 
0.87 1.1 
0.82 0.8 

0.73 1.0 
0.79 1 A 
0.86 1,2 
0.77 1.4 
0.76 1.6 

0.87 1,4 

0.84 1.4 

*Relative to the bottom mercury electrode. 
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a p p l i e s  to th~ b e n z o y l h y d r a z o n e s  of t h e s e  a l d e h y d e s  
a s  c o m p a r e d  w i th  t he  b e n z o y l h y d r a z o n e  of 5 - n i t r o - 2 -  
f u r f u r a l  and  of the  n i t r o b e n z a l d e h y d e s .  

S i n c e  t he  p o t e n t i a I  of e l e c t r o r e d u c t i o n  i s  d e t e r -  
m i n e d  by  e l e c t r o n  d e n s i t y  on  the  n i t r o  g r o u p ,  t he  
i n f l u e n c e  of any  e l e c t r o n - d o n a t i n g  g r o u p s  i n t r o d u c e d  
i n t o  t he  m o l e c u l e  m u s t  o p p o s e ,  and  t h a t  of any  e l e c -  
t r o n - a c c e p t i n g  g r o u p s  f a c i l i t a t e ,  t he  e l e c t r o r e d u c t i o n ,  
and  the  p o l a r  e f f e c t  of the  s u b s t i t u e n t  m u s t  b e  s h o w n  
m o r e  c l e a r l y  in  t he  o -  and  p - p o s i t i o n s  and  l e s s  c l e a r l y  
in  the  m - p o s i t i o n .  B e c a u s e  of  t h i s ,  m - n i t r o b e n z a l d e -  
hyde  i s  r e d u c e d  w i th  g r e a t e r  d i f f i c u l t y  t h a n  the  o -  and  
p - i s o m e r s  by  8 0 - 1 5 0  mV. In the  e a s e  of the  b e n -  
z o y l h y d r a z o n e s  of  m - ,  p - ,  and  o - n i t r o b e n z a l d e h y d e s ,  
b e c a u s e  of the  o p p o s i t e  e f f e c t s  of the  u n s h a r e d  p a i r  
on  t he  n i t r o g e n  a t o m  and  t he  i n c l u s i o n  of the  h y d r a -  
z o n e  s i z e  c h a i n  in  c o n j u g a t i o n ,  t he  i n f l u e n c e  of the  
s u b s t i t u e n t  ) C  = N N H C O P h  h a s  a l m o s t  no e f f ec t  on 
the  p o t e n t i a l s  of  the  r e d u c t i o n  of the  n i t r o  g roup .  
The  E l /2  v a l u e s  of the  f i r s t  w a v e  of a l l  t h r e e  i s o -  
m e r s  a r e  a p p r o x i m a t e l y  the  s a m e ,  a l t h o u g h  t hey  a r e  

c o n s i d e r a b l y  m o r e  n e g a t i v e  t h a n  E l /2  f o r  the  i n i t i a l  
n i t r o a l d e h y d e s .  

F o r  t he  f i r s t  s t a g e  of the  e l e c t r o r e d u c t i o n  of the  
s e r i e s  of 2 - s u b s t i t u t e d  d e r i v a t i v e s  of 5 - n i t r o f u r a n  in 

D M F ,  t he  PTr c o n s t a n t  w a s  found  to b e  PTr = 0.60 V, 
w h i l e  t he  c o r r e s p o n d i n g  v a l u e s  of the  pv  c o n s t a n t  f o r  
the  s e r i e s  of 5 - ( p - n i t r o p h e n y l ) f u r a n s  p r o v e d  to b e  
0.18 V. C o n s e q u e n t l y ,  the  i n t r o d u c t i o n  of a p h e n y l  
r e s i d u e  d e c r e a s e s  the  t r a n s f e r  of the  p o l a r  e f f ec t  by 
a f a c t o r  of 0.30. The  n u m e r i c a l  v a l u e  found a g r e e s  
we l l  w i th  t he  c o e f f i c i e n t  of q u e n c h i n g  b y  a b r i d g i n g  
p h e n y l e n e  g r o u p  g i v e n  in  the  l i t e r a t u r e  f o r  o t h e r  
r e a c t i o n  s e r i e s  (a  = 0.27 • 0~ [10]. 

T h e  c o n s i d e r a b l e  s h i f t  of E l / 2  f o r  the  f i r s t  w a v e s  
of the  5 - ( n i t r o p h e n y l ) - 2 - f u r f u r a l s  to n e g a t i v e  v a l u e s  

(by 200 mV)  in  c o m p a r i s o n  wi th  El /2  f o r  the  c o r -  
r e s p o n d i n g  n i t r o b e n z a l d e h y d e s  is  e x p l a i n e d  by  t he  
w e a k e n i n g  of t he  t r a n s f e r  of the  p o l a r  e f f e c t  of the  

s u b s t i t u e n t  t h r o u g h  the  f u r a n  r i n g :  t he  f a c t  t h a t  the  
t r a n s f e r  e f f e c t  d o e s  a c t u a l l y  t ake  p l a c e  i s  shown  by 
the  d i s s i m i l a r  e l e c t r o r e d u c t i o n  p o t e n t i a l s  of the  n i t r o -  
a l d e h y d e s  and  t he  b e n z o y l h y d r a z o n e s  c o r r e s p o n d i n g  
to t h e m  and  a l s o  by  the  w e a k e n i n g  of t h i s  t r a n s f e r  f o r  
the  m - i s o m e r  a s  c o m p a r e d  w i th  the  p - i s o m e r s .  

The  s u b s t a n t i a l  d i f f e r e n c e s  b e t w e e n  the  h a l f - w a v e  

p o t e n t i a l s  of 5 - ( o - n i t r o p h e n y l ) - 2 - f u r f u r a l  and  5 - ( p -  
n i t r o p h e n y l ) - 2 - f u r f u r a l  (AE1/~ = 100 mV)  and ,  p a r t i c -  
u l a r l y ,  b e t w e e n  t he  E l /2  v a l u e s  of the  c o r r e s p o n d i n g  
b e n z o y l h y d r a z o n e s  (AE1/2 = 120 mV) a r e  p a r t i c u l a r l y  
r e m a r k a b l e .  T h i s  sh i f t  m a y  b e  due  to the  f o r m a t i o n  
of an  i n t r a m o l e c u l a r  h y d r o g e n  bond  b e t w e e n  the  n i t r o  
g r o u p  and  the  a m i d e  g r o u p i n g  of t he  s i de  c h a i n  o r  t he  

f u r a n  r i n g .  The  f a c t  t h a t  s u c h  a s s o c i a t i o n  t a k e s  p l a c e  
i s  i n d i c a t e d  by  t he  low f r e q u e n c i e s  of t he  a m i d e  c a r -  
b o n y l  in t he  IR s p e c t r u m  of 5 - ( o - n i t r o p h e n y l - 2 - f u r f u r a l  
b e n z o y l h y d r a z o n e  (1654 c m  -1) a s  c o m p a r e d  w i th  t h a t  
of the  p - i s o m e r  (1665 c m  -1) [2]. T he  p o l a r o g r a p h i c  
r e s u l t s  a r e  in  f a v o r  of the  a s s u m p t i o n  t h a t  the  a m i d e  

group is associated with the nitro group and not with 
the oxygen atom of the furan ring. 

N.% N 

C~H s 

The considerable increase in the potentials of the 
reduction of the benzoylhydrazones of the 5-(nitro- 
phenyl)-2-furfurals as compared with their increase in 
5-nitro-2-furfural benzoylhydrazone leads to a sub- 
stantial lowering of the antibacterial and fungistatic 
activity of these compounds: the hydrazones of this 
series exhibit no well-defined activity of anykind. This 
is connected with the fact noted previously that for the 
appearance of antibacterial activity in a nitro com- 
pound its reduction potential must be within a definite, 
fairly positive, region of electrode potentials [6, 7]. 

EXPERIME NTAL 

The compounds studied were synthesized by a published method 
[1, 2] and were purified by repeated crystallization. 

All the compounds were polarographed in DMF, which was purified 
and dried in the following way. Benzene of "pure for analysis" grade 
was added to DMF (of "pure" grade) in a ratio of 1 : 10 by volume. 
The benzene-water azeotropic mixture was distilled off at 63-64 ~ C 
and atmospheric pressure, and then the DMF was distilled in vacuum. 
The fraction with bp 49 ~ C (18 ram) was taken for further treatment 
[8]. The DMF obtained was kept over anhydrous barium oxide for 
a day and was then redistflled in vacuum. The compounds studied 
(5 x 10 "4 mole/r) and lithium chloride (0.1 g-eq) were dissolved in 
DMF purified and dehydrated in this way. The working solutions pre- 
pared contained about 0,003 % of water (determined by the Karl Fischer 
reagent). 

The solutions were polarographed (LP-60 polarograph) in a ther- 
mostatted ceil at 25.0 :~ 0.1 ~ C. Purified nitrogen was passed through 
the working solution for 20 min. The polarograms were recorded from 
0 V to the potential of the separation of the support (~1.7 V). The 
cathode was a DME with forced detachment of the drop (m = 0.76 
rag/see; t = 0.24 sec) and the anode was the bottom pool of mercury. 
The distance between the anode and the cathode was kept constant. 
The values of the potentials were determined graphically on graph 
paper with an accuracy of el0 mV and the limiting current was 
measured relative to the support with an accuracy of 25% (rel.). 
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