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POLAROGRAPHY OF NITRO AND CARBONYL DERIVATIVES 

OF ARYLFURANS IN ANHYDROUS DIMETHYLFORMAMIDE 

M. K. Polievktov, I. G. Markova, 
a n d  A .  F .  O l e i n i k  

UDC 543.253 : 547.724.1'727 

It is shown that  the f i r s t  r e v e r s i b l e  one -e l ec t ron  wave in the reduction of 5 -a ry l fu rans  in an-  
hydrous d ime thy l fo rmamide  (DMF) co r re sponds  to the fo rmat ion  of an anion radica l  and that 
the subsequent  waves a re  assoc ia ted  with c leavage  of the C - H a l  bond in the ease  of halo de-  
r iva t ives  and with reduction of the anion radical  and the a ry l fu ran  f ragment .  The c h a r a c t e r  
of the reduct ion of 5- (p-ni t rophenyl)furan der iva t ives  is de termined by the abil i ty of the sub- 
st i tuent in the 2 posi t ion to delocal ize  the negative charge.  In conformity  with this,  the f i r s t  
two r e v e r s i b l e  waves  of ca rbonyl -subs t i tu ted  der iva t ives  a re  one-e lec t ron  waves and c o r r e -  
spond to the fo rmat ion  of a s table  dianion, the g rea t e s t  contribution to the resonance  hybrid 
of which is made  by a p-quinoid s t ruc tu re .  The second wave of 5- (p-ni t rophenyl) furan  and 
its 2-CH2OH der iva t ive  is i r r e v e r s i b l e  and cor responds  to the t r a n s f e r  of th ree  e lec t rons .  
Lithium ions have a substant ia l  effect  on the height and El/2 value of the second reduction 
wave, and this effect  is mani fes ted  m o r e  marked ly ,  the l ess  the substi tuent  in the 2 posi t ion 
is capable  of delocal izing the negative charge .  The t r a n s m i s s i o n  f ac to r  of the furan ring is 
0.48. 

It has been prev ious ly  es tabl ished that fur fura l  [1] and its 5 -a ry l  der iva t ives  [2] in aqueous alcohol buf- 
fered  media  a r e  reduced on a dropping m e r c u r y  e lec t rode  in conformi ty  with the pr inc ip les  cha r ac t e r i s t i c  for  
the reduct ion of o ther  a roma t i c  aldehydes.  The po la rographic  behav io r  of 5-{p-R-phenyl) fur fura ls  (I), where  
R = H  (a), CH 3 (b), OCH 3 (c), C1 (d), Br (e), and NO 2 (f), in anhydrous d ime thy l fo rmamide  (DMF) was invest igated 
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Fig. 1. Po la rog rams  of t.0 mM solutions of 5-phenylfurfural  
(1), 5- (p-tolyl)furfural (2), 5- (p- tolyl)-2-hydroxymethylfuran 
(3) and 2-phenylfuran (4) in a 0.05 M Bu4NC104 base e lec t ro-  
lyte in DM F (5)~ 

Fig. 2. Po la rog rams  of a 0.78 mM solution of 5-phenylfurfural  
in DMF in a 0.05 M Bu4NC10 r base electrolyte (1) at benzoic 
acid concentrat ions of 0 (2), 0.47 (3), 1.9 (4), and 5.0 mM (5). 

in  the presen t  r e sea rch  in o rder  to study the e lectroreduct ion uncomplicated by protonation steps and to study 
the t ransmiss ion  of the effect of a substituent through the furan ring under these conditions. 

Furfura!  [a forms two waves of equal height in DMF in a te t ramethylammonium iodide base electrolyte.  
Calculation by the Ilkovich equation and compar ison  of the ill m values of the reduction waves of furfural  Ia 
with the height of the f i rs t  one-e lec t ron  reduction wave of If in DMF make it possible to conclude that each of 
the waves corresponds  to t r ans fe r  of one electron.  The AE/A1og [i/(ili m -- i)] value and the cycl ical  voltam- 
peromet r i c  data constitute evidence for the revers ibl i ty  of the f i r s t  reduction step and the i r revers ib i l i ty  of 
the second step. 

Thus it is logical to suppose that, as in the reduction of aromat ic  aldehydes and ketones of the benzene 
ser ies  [3-6], the f i r s t  wave of furfural  Ia corresponds  to the formation of ketyl anion radical and that a fast 
protonation react ion follows after  t r ans f e r  of the second electron.  

More negative potentials (a r ise  in the base electrolyte cur ren t  is observed only at - 3 . 0  V) become ac-  
cessible  when te t rabutylammonium perchlora te  is used as the base electrolyte.  In this case, in addition to the 
two one-e lec t ron  waves on the po la rograms  of furfural  [a, one observes another two poorly resolved waves at 
potentials more  negative than - 2 . 6  V. A compar ison  of the total cu r ren t  of these waves with the limiting cur -  
rent  of the f i r s t  two reduction waves of Ia provides evidence that they correspond to the t r ans f e r  of three to 
four electrons.  * 

A new wave at more  negative potentials,  the height of which depends l inearly on the benzoic acid con- 
centration, develops on the po la rograms  of furfural  Ia when proton donors (phenol, benzoic acid) are  present .  
Since the f i rs t  reduction wave of derivative Ia is revers ible ,  it is impossible to conclude whether this is as-  
sociated with a p r io r  or  subsequent protonation step. However, in excess benzoic acid the result ing wave ex- 
ceeds the height of the f i r s t  wave of Ia by a fac tor  of two and becomes i r revers ib le ,  i.e., it cor responds  to the 
t r ans f e r  of two electrons.  In this case  it may be assumed that the shift to posit ive potentials of the lower por -  
tion of the curve  as the benzoic acid concentrat ion is fur ther  increased (Fig. 2) is associated with the p r io r  
formation of a protonated complex. 

The p-CH 3 and p-OCH 3 derivat ives (lb and Ic) are  reduced in the same way as furfural  [a (Fig. 1). 

The reduction of the p-Cl  and p - B r  derivatives of Ia presents  a more  complicated pattern.  Additional 
waves, which are  associated with p roces se s  involving the C - H a l  bond, are  p resen t  on the po la rograms  of these 

�9 The nature of these polarographic waves was not studied in the p resen t  research ,  but it may be assumed that 
they are  associated both with reduction of the alcohol group formed in the f i r s t  two steps of the reduction of 
furfural  Ia and with reduction of the aryl furan fragment,  which apparently proceeds  in the same way as the re -  
duction of diphenyl. This conclusion can be drawn f rom a compar i son  of the reduction waves of Ia and its de- 
rivatives in the negative-potential  region with the po la rograms  of model compounds - 2-phenylfuranand 5- (p- 
to lyl ) -2-hydroxymethylfuran (Fig. 1). 
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Fig. 3. Po la rog rams  of 1.0 mM solutions of 5-(p-ni t rophenytfurfural  
(1), 5-(p-bromophergcl)furfurai (2), 5-(p-chlorophenyt)furfural  (3), and 
5-phenylfUrfural (4) in a 0.05 M Me4Ni base electrolyte  in DMF (5). 

Fig. 4. Cyclical  vo l tamperograms  of a 1.0 mM solution of 5- (p-bromo- 
phenyl)furfural  in the p resence  of 0.95 mM phenol in a 0.05 M solution 
of Bu4NCIO 4 base e lectrolyte  in DMF at a potent ial-scanning rate of 20 
(1), 50 (2), and 100 mV/sec  (3). 

compounds, in addition to the reduction wave indicated above. An i r revers ib le  two-e lec t ron  wave follows the 
f i rs t  r evers ib le  one-e lec t ron  wave of reduction of Id in a te t ramethylammonium iodide base electrolyte  (Fig. 3). 
In conformity with the e lec t ron~acceptor  proper t ies  of the C1 substltuent, the f i rs t  wave of furfurM [d is found 
at more  posit ive potentials and the f i rs t  wave of In, and the El//2 values of the f i rs t  reduction waves of furfurals  
Ia-d are  linked by a cor re la t ion  relationship with the Crp substituent constants (p =0.315, R=0.983, and So=0.016). 
The third wave of Id coincides with respec t  to the potentials with the second wave of In. Thus, whereas the 
f i rs t  reduction wave of furfural  Id is due to e lec t ron t r ans fe r  to the aldehyde group, at the potentials of the 
second wave cleavage of the C - C 1  bond in the ketyl anion radical of derivative Id probably occurs  with rapid 
proton t ransfer ,  i.e., the anion radical of Ia is formed.  In a te t rabutylammonium perclf lorate  base e lectrolyte  
the second two-e lec t ron  reduction wave of Id is observed at more  negative potentials and merges  with the third 
reduction wave, and a one-e lec t ron  wave and, at more  negative potentials, an elongated wave, the height of 
which corresponds  to three e lect rons ,  are  therefore  observed on the po la rograms .  When proton donors {benzoic 
acid) are  present ,  the anion radical of Id is protonated rapidly, and t rans fe r  of a second electron becomes  pos-  
sible at the potentials of the f i r s t  wave; as in the ease of furfural  Ia, this wave therefore  is doubled and shifted 
to the posi t ive-potential  region, whereas  the wave of furfural Id decreases  to the level corresponding to the 
t r ans fe r  of two electrons.  

The f i rs t  step in the reduction of [e is probably associated with cleavage of the C - B r  bond. The f i rs t  
wave on the po la rog rams  of this compound (Fig. 3) is observed at considerably more  posit ive potentials than 
the f i r s t  wave of Id. This wave is i r revers ib le ,  and an anode peak is absent on the cyclical  vo l tamperograms  
at the potentials of the cathode peak, but an anode peak due to the formation of the Br-  anion appears in the 
post t ive-potentiM region. A Br-  anode wave also appears  in the po la rograms  after  e lec t ro lys is  at the poten- 
tiMs of the f i r s t  wave. It is difficult to conceive of a mechanism for the reduction of this compound f rom the 
polarographie  data. As in the ease of Id, the total cu r ren t  of Ie in a te t ramethylammonium iodide base e lec t ro-  
lyre cor responds  to the t r ans fe r  of four  e lectrons,  and the f i rs t  wave cor responds  to the stepw~se t r ans fe r  of 
two electrons.  Equimolar  amounts of benzoic acid have pract ical ly  no effect on the magnitude of the limiting 
current  of this wave. The steepness of the wave increases  in excess benzoic acid such that the break on the 
wave becomes impercept ible  and the wave is shifted to posit ive potentials.  

Examples of the cleavage of the C - B r  bond in anion radicMs after  t r ans f e r  of one electron in the e lectro-  
reduction in DMF of 4- (p-bromostyry l )pyr td ine  [7], p-bromobenzophenone [5], p-bromoni t robenzene  [8], etc., 
have been descr ibed in the l i tera ture .  In these studies it was established that a chemical  step involving cleavage 
of the C - B r  bond, which in itself is revers ible ,  follows t rans fe r  of one electron, but this step is followed by 
i r revers ib le  detachment  of a proton from the solvent. Elec t ro lys is  at the potentials of the limiting cur ren t  of 
the f i rs t  wave of p-bromobenzophenone leads to the formation of benzophenones [5]. This reduction scheme 
cannot be adoptedfor  furfurai  Ie, since, as we have already noted above, the reduction wave of Ie is found at 
more  positive potentials than the f i r s t  reduction wave of Id, whereas the e lec t ron-accep tor  proper t ies  of the 
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Br  and C1 s u b s t i t u e n t s  a r e  p r a c t i c a l l y  i d e n t i c a l ,  and t r a n s f e r  of a s econd  e l e c t r o n  (the u p p e r  p o r t i o n  of the  
cu rve ) ,  a l though  it  does  c o i n c i d e  in p o t e n t i a l  wi th  the  f i r s t  r e d u c t i o n  wave  of 5 - p h e n y l f u r f u r a l ,  is  i r r e v e r s i b l e .  
In add i t ion ,  t h r e e  o n e - e l e c t r o n  s t e p s  a r e  o b s e r v e d  in the  r e d u c t i o n  of p - b r o m o b e n z o p h e n o n e  [5], w h e r e a s  fou r  
e l e c t r o n s  a r e  c o n s u m e d  in the  r e d u c t i o n  of 5 - { p - b r o m o p h e n y l ) f u r f u r a l .  It is  i n t e r e s t i n g  to note  tha t  the  an ion ic  
p r o d u c t s  a r i s i n g  a t  the  p o t e n t i a l s  of the  f i r s t  wave  a r e  c a p a b l e  of r e a c t i n g  with  a c o m p o n e n t  of the m e d i u m  a t  a 
r e l a t i v e l y  low r a t e ,  a s  a r e s u l t  of which p a r t i c l e s  tha t  a r e  c a p a b l e  of u n d e r g o i n g  r e d u c t i o n  a t  the  p o t e n t i a l s  of 
the f i r s t  wave  a r e  f o r m e d ,  and an e q u i m o l a r  amoun t  of benzo ic  ac id  does  not  a f fec t  the  r a t e  of th i s  p r o c e s s .  
Th i s  i s  r e s p o n s i b l e  f o r  the  unusua l  f o r m  of the  c y c l i c a l  c u r v e s  wi th  i n c r e a s i n g  ca thode  c u r r e n t s  upon a p p l i c a -  
t ion of  a po t en t i a l  in the  anode  d i r e c t i o n  a t  a low r a t e  {Fig. 4). 

It was  e s t a b l i s h e d  in  [9] that  the  r e d u c t i o n  of the n i t r o  g roup  in p - n i t r o b e n z a l d e h y d e  and 5-  ( p - n i t r o p h e n y l ) -  
f u r f u r a l  If in DMF in a l i t h i u m  c h l o r i d e  b a s e  e l e c t r o l y t e  p r o c e e d s  in  two s u c c e s s i v e  s t e p s  wi th  t r a n s f e r  of one 
e l e c t r o n  in the  f i r s t  s t ep  and t h r e e  e l e c t r o n s  in t he  s e c ond .  In addi t ion ,  a c c o r d i n g  to  the  da t a  in  [3, t0] ,  only  
two o n e - e l e c t r o n  w a v e s  a r e  o b s e r v e d  in the  r e d u c t i o n  o f  p - n i t r o b e n z a l d e h y d e  in DM F in a t e t r a e t h y l a m m o n i u m  
iod ide  b a s e  e l e c t r o l y t e  u p t o  t h e  d i s c h a r g e  p o t e n t i a l s  of the  b a s e  e l e c t r o l y t e ,  and the  p r o d u c t  of t w o - e l e c t r o n  
r e d u c t i o n  is  s t a b i l i z e d  by  the f o r m a t i o n  of  a quinoid  s t r u c t u r e :  

(5 ~,0 - - .o)%/_~__~ c~" , o \ ~ , ~ _ c / o  
-o / ~ \n  

The  f i r s t  two w a v e s  a r e  a l s o  r e v e r s i b l e  in  the  r e d u c t i o n  of  If in DMF in q u a t e r n a r y  a m m o n i u m  s a l t  b a s e  e l e c -  
t r o l y t e s ,  and each  c o r r e s p o n d s  to the  t r a n s f e r  of one e l e c t r o n .  

In c o m p a r i s o n  wi th  o t h e r  e l e c t r o n - a c c e p t o r  s u b s t i t u e n t s ,  the  n i t ro  and c a r b o n y l  g r o u p s  have  the m a x i m u m  
c a p a c i t y  for  d e l o c a l i z a t i o n  of the  n e g a t i v e  c h a r g e  in the  c a r b a n i o n  [11]. Thus ,  a s  in t he  c a s e  of p - n i t r o b e n z -  
a ldehyde ,  a d ian ion ,  the  m a x i m u m  c o n t r i b u t i o n  to  the  r e s o n a n c e  hybr id  of which  i s  m a d e  by a p - q u i n o i d  s t r u c -  
t u r e  wi th  l o c a l i z a t i o n  of the  an ionic  c e n t e r s  on the oxygen  a t o m s  of the c a r b o n y l  and n i t r o  g roups ,  is  f o r m e d  
by t r a n s f e r  of two e l e c t r o n s  to  the  f u r f u r a l  If m o l e c u l e :  

-o / =~___ / - " -o / -  \ o -  

The p o s s i b i l i t y  of the f o r m a t i o n  of a p - q u i n o i d  s t r u c t u r e  and the  l a r g e  d i s t a n c e  b e t w e e n  the  c h a r g e s ,  which 
s u b s t a n t i a l l y  d e c r e a s e s  the c o u l o m b i c  i n t e r a c t i o n ,  d e t e r m i n e  the e n e r g i c  a d v a n t a g e o u s n e s s  and a d e q u a t e  s t a -  
b i l i t y  of d i an ion  If. As  a r e s u l t ,  i t  i s  i n c a p a b l e  of de t ach ing  a p r o t o n  f rom the so lvent ,  and the s u b s e q u e n t  r e -  
duc t ion  of th i s  d i an ion  is  p o s s i b l e  only at  e x t r e m e l y  nega t ive  p o t e n t i a l s  {more n e g a t i v e  t h a n - 2 . 6  V in a t e t r a -  
b u t y l a m m o n i u m  p e r c h l o r a t e  b a s e  e l e c t r o l y t e  and at  s o m e w h a t  m o r e  p o s i t i v e  p o t e n t i a l s  in a t e t r a m e t h y t a m m o -  
n ium iod ide  b a s e  e l e c t r o l y t e )  (Fig .  3). 

Since  both of the  p r i m a r y  r e d u c t i o n  w a v e s  of f u r f u r a l  tf a r e  r e v e r s i b l e ,  the  d i f f e r e n c e  in the h a l f - w a v e  
p o t e n t i a l s  shou ld  c h a r a c t e r i z e  the  change  in the  f r e e  ene rgy  dur ing  the  f o r m a t i o n  of the  d ian ion .  F o r  p - n i t r o -  
b e n z a l d e h y d e ,  AE1/2 i s  0.58 V [10], w h e r e a s  &El /2  f o r  If is  0.45 V, i . e . ,  an i n c r e a s e  in the  con juga t i on  c h a i n  
and the  d i s t a n c e s  b e t w e e n  the c h a r g e s  d e t e r m i n e  the  r e l a t i v e  f a c i l i t a t i o n  of the  f o r m a t i o n  of the d ian ion  of If 
a s  c o m p a r e d  wi th  the  d i an ion  of p - n i t r o b e n z a l d e h y d e .  

The  i l i  m and El /2  v a l u e s  of the  f i r s t  two waves  of the  r e d u c t i o n  of 2 - R - 5 - ( p - n i t r o p h e n y l ) f u r a n s  II and 
f u r f u r a l  If  a r e  p r e s e n t e d  in T a b l e  1. If I I a - c  a r e  r e d u c e d  in  the  s a m e  way as  f u r f u r a t  If, the  second  wave  of 
t ie ,  f, a s  one u s u a l l y  o b s e r v e s  in  t he  r e d u c t i o n  of the  n i t r o  g r o u p  in nonaqueous  m e d i a ,  c o r r e s p o n d s  to the  t r a n s -  
f e r  of t h r e e  e l e c t r o n s .  In the  l a t t e r  c a s e ,  a s  in the  r e d u c t i o n  of s i m i l a r  s u b s t i t u t e d  n i t r o b e n z e n e s  [10], the  

T A B L E  1. L i m i t i n g  C u r r e n t s  and E l /2  V a l u e s  of the  F i r s t  Two R e -  
duc t ion  W a v e s  of 2 - R -  5-  (p- N i t r o p h e n y l ) f u r a n s  a t  a D e p o l a r i z e r  Con-  
c e n t r a t i o n  of 0.5 raM in DMF in a 0.05 M Bu4NC10 4 and 0.5 M Bu4NC10 4 
B a s e  E l e c t r o l y t e  in the  P r e s e n c e  of  5 rnM LiC1 

0.05 M BuaNC104base eleclzolyte 
Com' [ 0.05 M Bu4NC104base electrolyte in the presence ol LiC1 

pound R i ' ti  m, i"ti m, -E'~/~, -E"~I 2, i ' i i  m, i"tim, -E'~I 2. -E'~/2. 
pA [pA I V V pA pA V V 

IIa 
IIb 
IIc 
IId 
IIe 
Ilf 
If 

COPh 
COEt 
COMe 
COOEt 
H 
CH2OH 
CHO 

0,52 0,6 
0,59 0,86 
0,54 0,73 
0,60 1,44 
0,60 1,61 
0,49 1,34 
0,58 0,56 

1,020 
1,050 
1,020 
1,035 
1,120 
1,125 
1,030 

1,455 
1,590 
1,560 
1,650 
1,860 
1,890 
1,475 

0,52 1,23 1,010 
0,59 1,65 1,040 
0,55 1,48 1.015 
0,60 1,67 11025 
0,60 1,74 l,ll5 
0,50 1,67 I,I 15 
0,58 1,01 1,020 

1,355 
1,400 
1,380 
1,375 
1,545 
1,545 
1,365 

1 3 4  



product  of two-e lec t ron  reduction evidently is stabilized by cleavage of the N - O  bonds to give the cor respond-  
ing ni t roso derivat ives,  which is capable of taking on two electrons at the potentials of the second wave. Com- 
pound IId occupies an intermediate  position. Since the COOEr group is less capable of delocalizing a negative 
charge than the carbonyl group [11], the second reduction wave is appreciably higher than the f i rs t  but, never-  
theless,  lower than the level corresponding to the t r ans fe r  of the three electrons.  One's  attention is drawn to 
the substantial dependence of the El/2 value of the second reduction wave of II on the nature of the substituent. 
Thus, whereas the El/2 value of the f i rs t  reduction wave is shifted by 110 mV to positive potentials on passing 
f rom derivative IId to derivative IIf, the •E1/2 value of the second reduction wave is 385 mV, i.e., the resonance 
hybrid with local izat ion of the unpaired e lectron on the second carbon atom of the furan ring evidently makes a 
substantial contribution in the anion radicals  of IIe and IIf, and t r ans fe r  of the second electron in I Ia-c  and If 
depends substantially on the degree of d i rec t  polar  conjugation with the e lec t ron-accep tor  substituent in the 2 
posit ion of the furan ring. 

Protonation of the anion radicals  becomes possible in the p resence  of weak proton donors (phenol) af ter  
t r ans fe r  of the f i r s t  e lec t ron to the furfural  If molecule.  This gives r ise  to a shift to positive potentials of the 
f i rs t  reduction wave of If. The second wave is shifted to an even g r ea t e r  degree to positive potentials,  during 
which its limiting cur ren t  increases  to the level corresponding to the t rans fe r  of three electrons,  and the anode 
oxidation peak of dianions of If vanishes on the cycl ical  vo l tamperograms.  Stronger proton donors (benzoic 
acid) cause an increase  in the f i rs t  reduction wave, such that in a fivefold excess of benzoic acid the f i r s t  wave 
is a lmost  tripled, whereas  the overal l  cu r ren t  of the f i rs t  two waves approaches a level corresponding to the 
t r ans f e r  of four e lect rons .  The subsequent reduction of furfural  If is also facilitated substantially. 

The polarographic  behavior  of the investigated compounds is determined to a considerable degree by the 
cation of the inert  base electrolyte.  As in the case  of other  aromat ic  aldehydes and ketones [4], the formation 
of ion pai rs  during e lect roreduct ion is charac te r i s t i c  for furfurals  Ia-c .  In the reduction of benzaldehydes, as 
a resul t  of the formation of ion pa i rs  with anion radicals ,  the El/2 value of the revers ib le  wave is shifted to 
posit ive potentials as the effective radius of the cation decreases  [4]. 

In the case of Ia-c  it is impossible to fo rm a judgment regarding the formation of ion pai rs  with t e t r a -  
alkylamm.onium cations f rom the E:~/2 values of the f i rs t  revers ib le  reduction waves, since the E~/2 values lie 
within the l imits  of the experimental  e r ro r .  However, the second waves of these compounds are  i r revers ib le ,  
and the depolar izer  is negatively charged; it is therefore  completely natural that the effect of formation of ion 
pai rs  is manifested more  markedly,  and the El/2 value of the second wave depends substantially on the size 
of the cation. The change in the El/2 value because of the formation of ion pairs  increases  as the charge density 
on the reduced par t ic le  increases  [4, 12], and e lec t ron-donor  substituents should prevent  delocalization of the 
negative charge in the anion radical;  the change in the El/2 value of the second reduction wave of Ia -c  as a 
function of the base electrolyte  cation should therefore  increase  as the e lec t ron-donor  proper t ies  of the sub- 
stituents increase ,  in fact, the AE~/2 values of the second wave of [a-c  are,  respectively,  60, 120, and 180 mV 
when the te t rabutylammonium base electrolyte  cation is replaced by a te t ramethylammonium cation. The effect 
of the formation of ion pa i rs  is manifested even more  markedly in the reduction of nitro derivat ives If and IIa-f. 
Lithium ions, for  example, affect the polarographic  behavior of these compounds like weak proton donors.  It 
is well known that in a ser ies  of monovalent cations lithium has the highest capacity for  the formation of ion 
pai rs  with anion radicals  in DMF [4, 12]. Even in equimolar amounts the lithium ion gives r ise  to an increase  
in the second reduction wave, during which both the second and f i rs t  reduction waves of furfural  If a re  shifted 
to posit ive potentials with facilitation of the subsequent reduction of the result ing react ion product  (Fig. 5). 
The second reduction wave is doubled in a tenfold excess of lithium ion and tends to reach the level cor respond-  

2 

1,0 1,5 2,0 2,5 3,0 

Fig. 5. Po la rograms  of a 0.72 m_M 
solution of 5-(p-nitrophenyl)furfural  
in a 0.05 M solution of Bu4NC104 
base electrolyte  in DMF at LiCI 
concentrat ions in solution of 0 (1), 
0.83 (2), and 5.9 mlVi (3). 
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ing to the t r ans fe r  of th ree  electrons as the lithium ion concentrat ion is fur ther  increased.  As in the reduction 
of substituted nitrobenzenes [10], one observes  the "latent cur ren t"  of lithium ions, i.e., the addition of lithium 
ions to a DMF solution of If in 0.05 M tet rabutylammonium perchlora te  does not give r ise  to an increase  in the 
total reduction current ,  and the reduction wave of the lat ter  appears only in a tenfold excess of lithium ions. 
As when weak acids are  present ,  in addition to an increase  in the second reduction wave, the anode peak of 
oxidation of the dianions of If vanishes on the cycl ical  vol tamperograms of furfural  If when lithium ions are  
added to the solution. 

The change in the El/2 value of the second reduction wave under the influence of lithium ions may serve  
as a measu re  of the ability of anion radicals  and dianions of II to form ion pa i rs  with this cation.* As seen 
f rom Table 1, lithium ions have the smal les t  effect on the Ell  2 values of II that have a carbonyl substituent in 
the 2 position; this is in agreement  with the g rea t e r  ability of the carbonyl group to acquire a negative charge 
as compared with the COOR group [11]. In fact, the AE1/2 value of nitro derivative IId is 275 mV, whereas the 
AE1/2 values for  IIe and IIf, which have substituents that are  incapable of delocalizing the negative charge, i.e., 
in which the density of the negative charge on the nitro group is highest, are,  respectively,  315 and 345 inV. 

The effect of adsorption on El/2 is reduced in DMF as compared with aqueous media because of a shift 
in the reduction wave to negative potentials as an increase  in the solubility. As established in [13], solvation 
of both the s tar t ing molecule of 2-substituted 5-ni t rofuran and the corresponding anion radical is also reduced 
appreciably, and the lifetime of the la t ter  increases .  Thus the El/2 values of nitro derivat ives of furan under 
these conditions are  distorted to a l e s se r  extent by adsorption and solvation effects, and by the effect of the 
formation of ion pai rs  when quaternary ammonium salts  are  used as the base electrolytes ,  as seen f rom the 
data presented above. 

Our analysis of the El/2 values for  the f i r s t  reduction wave of substituted nitrobenzenes in DMF in a 
te t raethylammonium iodide base electrolyte ,  which were presented in [10], showed that there  is a cor re la t ion  
relationship (p = 0.422, r =0.993, s o = 0.017) between the El/2 values and the Hammett  ~ constants,  whereas the 
analogous dependence for  I Ia-f  and If has pa rame te r s  p =0.203, r=0.994,  and So= 0.005, i.e., the t r ansmiss ion  
fac tor  (~') for  the furan ring is 0.48. 

According to the data in [14-18], based on the results  of both polarography and other  physicochemieal  
methods, the t r ansmiss ion  factor  of the furan ring is higher than for the benzene ring and ranges f rom 0.33- 
0.65. It may be assumed that the assumption that we made in a previous study [2] regarding the necessi ty  of 
compar ison of the p values of substituted benzaldehydes and 5-aryl furans  in sufficiently alkaline media, in 
which the ra te  of protonation of the anion radicals  can be disregarded,  evidently are  cor rec t ,  since in this case 
the calculated ~' value of the furan ring turns out to be 0.47 and pract ical ly  coincides with the ~' value de ter -  
mined by compar ison of the corre la t ion  dependences for  nitrobenzene derivatives and 2-substituted p -n i t ro -  
phenylfurans.  

EX PERIM E NTA L 

A capillary with a spatula for forced detachment of the drops and the following characteristics was used 
in this research: m = ~.73 mg/sec, t = 0.30 see, and m 2/~- t I/~ = 0.662. A silver wire submerged in the test solu- 

tion served as the anode. The half-wave potentials of the investigated compounds were calculated relative to a 
saturated calomel electrode with respect to the "standard" (potassium) scale [19]. The research was carried 
out in a thermostatted cell at 25 • ~ The oxygen was removed from the solutions to be polarographed by 
means of a stream of purified nitrogen. The polarograms were recorded with a Radiometer PO-4 polarograph. 
The cyclical voltamperograms were recorded with a hangin~ mercury drop by means of a PAR-170 "electro- 

chemical system" apparatus. 

The methods for the preparation and purification of the investigated arylfuran derivatives were presented 

in [20-24]. 
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R E A C T I O N  O F  2 - A N D  4 - A L K O X Y - 1 - B E N Z O P Y R Y L I U M  

S A L T S  W I T H  M E T H Y L E N E  B A S E S  O F  H E T E R O C Y C L I C  

A .  I .  T o l m a c h e v ,  E .  F .  K a r a b a n ,  
a n d  L .  M .  S h u l e z h k o  

C A T I O N S  

UDC 547.814.1.789.6 : 541.62.65 : 
668.819.45 : 542.953 

2-Alkoxy-  and 2 - a l k y l t h i o - l - b e n z o p y r y l i u m  sal ts  condense in the 2 posi t ion with methylene  
ba se s  fo rmed  f r o m  methy l - subs t i tu ted  he te roeycl ic  onium compounds.  The 4 -me thoxy-1 -  
benzopyry l ium sal t  a lso  r eac t s  p r i m a r i l y  in the 2 posit ion, during which the benzopyryl ium 
ring is c leaved.  In addition, condensat ion also takes place  in the 4 posi t ion with spli t t ing 
out of the methoxy group.  

We have p rev ious ly  shown that  4 - m e t h o x y - l - b e n z o p y r y l i u m  sa l t  I undergoes  reac t ion  in the 4 posi t ion 
with methylene  bases  fo rmed  f rom methy l - subs t i tu ted  he terocycl ic  oniom compounds to give unsymme t r i c a l  
monomethyl idynecyanines  [1]. However,  it was subsequently observed  that products  with a different  s t ruc ture  
a r e  also fo rmed  in addition to the monomethyl idynecyanines .  The a im of the p r e s e n t  r e s e a r c h  consisted in 
ascer ta in ing  the d i rec t ions  of the reac t ion  of 4 -me thoxy~ l -benzopyry l ium sal t  I and of 2-ethoxy-  and 2-ethyl-  
t h i o - l - b e n z o p y r y l i u m  sal ts  IIa, b with methylene ba se s  of he te rocyc l ic  cations - 2 -me thy lene -3 -me thy lbenzo-  
thiazoline and its 3-ethyl  analog. Although these  compounds exis t  in solution p r i m a r i l y  in the fo rm of d imers ,  
the l a t t e r  exis t  in solution in equi l ibr ium with the m o n o m e r s  [2], which a lso  undergo reac t ion  [3]. 
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