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A mechan i sm is p roposed  for the e l e c t r i c a l  reduct ion  of an thrapyr idone  and its de r iva t ives  on 
a dropping m e r c u r y  e l ec t rode  in anhydrous d ime thy l fo rmamide .  P a r a l l e l i s m  in the e l e c t r o -  
c h e m i c a l  behavior ,  under the indicated condi t ions ,  or  an thrapyr idone  and anthraquinone de r iv -  
a t ives  was noted. A l inear  c o r r e l a t i o n  of the half -wave potent ia l  with the ca lcu la ted  energ ies  
of the lower vacant  molecu la r  o rb i t a l  by the Htlckel MO LCAO method within the P a r i s e r -  
P a r r - P o p l e  approxinmt ion  was found. The hal f -wave potent ia ls  c o r r e l a t e  s a t i s f a c t o r i l y  with 
the enthalpies  of the i n t r a m o l e c u l a r  hydrogen bond of the invest igated compounds.  

Anthrapyr idone  (7H-dibenz[f , i , j ] isoquinoline]2,7]  (3H)dione) and its de r iva t i ve s  have not been inves t iga ted  
po l a rog raph i ca l l y .  Accord ing  to quan tum-chemica l  ca lcu la t ions ,  the an th rapyr idone  molecu le  includes a quinoid 
grouping [1], and this p rov ides  a bas i s  for the assumpt ion  that it will  be r e a d i l y  reduced on a dropping m e r c u r y  
e l ec t rode  and c h a r a c t e r i z e d  by a low redo• potent ia l .  The goal of the p r e s e n t  communica t ion  was a study of 
an th rapyr idone  and its de r iva t i ve s  by po la rography .  

It has been shown [1, 2] that the e lec t ron ic  s t r u c t u r e s  of the amide  and keto groups in an thrapyr idone  a r e  
c lo se  to the e lec t ron ic  s t r u c t u r e s  of these  groups  in anthraquinone and 2 -pyr idone .  Since the accep to r  effect 
of the ca rbony l  group is evident ly  g r e a t e r  than that  of the condensed pyr idone  r ing,  one should have expected 
that  an th rapyr idone  would be reduced  at more  negat ive  potent ia ls  than anthraquinone.  In fact ,  as seen  f rom the 
data in Table  1, the hal f -wave potent ia l  of the f i r s t  wave of an th rapyr idone  is shifted by 0.16 V to the more  neg-  
at ive reg ion  than in the ca se  of anthraquinone [3, 41. At the same  t ime ,  the half -wave potent ia l  of the second 
wave (El/2 II) of an th rapyr idone  I has a more  pos i t ive  value than in the ea se  of 9 ,10-anthraquinone (-1.33 and 
- 1 . 4 4  V, r e s p e c t i v e l y ) .  The po la rog raph ic  behavior  of anthraquinone and its de r iva t ives  is de te rmined  to a 

/ 

grea t  deg ree  by the na ture  of the medium (for example ,  see  [5, 6]) and p r i m a r i l y  by its p ro ton -donor  capaci ty .  
Studies of solut ions  in d i m e t h y l f o r m a m i d e  (DMF) and ace ton i t r i l e  showed [7-9] that in these  aprot ie  solvents  
anthraquinone and its de r iva t i ve s  a r e  reduced  s tepwise  in two s teps .  As seen from Table  1, c u r r e n t  constants  
A I and A 2 indicate  that the mechan i sm of the e l e c t r i c a l  reduc t ion  of an thrapyr idone  and i ts  de r iva t i ve s  on a 
dropping m e r c u r y  e l ec t rode  in anhydrous DMF is bas i ca l ly  the s ame  as in the case  of anthraquinone:  two 

e l ec t rons  a r e  added s u c c e s s i v e l y  in two o n e - e l e c t r o n  s teps  via  the following scheme :  

0 0 O- 

+e § 

II 
0 O_ O -  

However ,  in the ca se  of 1 - h y d r o x y - N - m e t h y l a n t h r a p y r i d o n e  (V) the reduct ion  mechan i sm is apparent ly  different .  
Accord ing  to our data ,  V is a s t rong  acid (PKa= 6.43 in 50~ ethanol),  and it may be assumed  that s e l f -p ro tona t ion  
occurs  in DMF, in ag reemen t  with the data in [10]. However ,  this  p rob lem r e q u i r e s  addi t ional  study. A th i rd  
wave is obse rved  for a number  of compounds [an thrapyr idone  (I), N-me thy lan th rapyr idone  (IV), etc.] ,  and this 
ind ica tes  fur ther  reduc t ion  of f r agments  of the molecule  and, in the ca se  of 1 - n i t r o - N - m e t h y l a n t h r a p y r i d o n e  
(IV), p robably  reduc t ion  of the ni t ro group. In the case  of 6 - b r o m o - N - m e t h y l a n t h r a p y r i d o n e  (XVIID the halogen 
is poss ib ly  reduced  a f te r  reduc t ion  of the quinone grouping.  It is known [8] that in the ca se  of anthraquinone and 

Ins t i tu te  of Organic  In t e rmed ia t e s  and Dyes,  Moscow. T r a n s l a t e d  f rom Khimiya Ge te ro t s ik l i chesk ikh  
Soedinenii ,  No. 10, pp. 1386-1390, October ,  1976. Or ig ina l  a r t i c l e  submit ted  August 5, 1975; r ev i s ion  submit ted  
F e b r u a r y  3, 1976. 

This material is protected by copyright registered in the name o f  Plenum Publishing Corporation, 227 West 17th Street, New York, N. }( 10011. No part 
o f  this publication may be reproduced, stored in a retrieval system, or transmitted, in any form or by any means, electronic, mechanical, photocopying, 
microfilming, recording or otherwise, without written permission o f  the publisher. A copy o f  this article is available from the publisher for $ Z50. 

1 1 4 7  



T A B L E  1. P o l a r o g r a p h i c  C h a r a c t e r i s t i c s  of An th rapy r idone  De-  
r i v a t i v e s  in Anhydrous  D t m e t h y l f o r m a m i d e  [0.1 N N(C2Hs)4I B a s e  
E lec t ro ly t e ]  and Ca lcu la ted  E n e r g i e s  of the Highes t  Occupied 
M o l e c u l a r  Orb i ta l  (HOMO) and the Lowes t  Vacant  Molecu la r  O r -  
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0,573 
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I,t28 
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2,00 L42 
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0,497 0,202 
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0,3131 0,265 
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0,603] 0,161 
0.685} 0,121 
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{d  - -  * A=c. m~l,.'d~r where  i d is m e a s u r e d  in m i c r o a m p e r e s ,  m is m e a -  
s u r e d  in m i l l i g r a m s  pe r  second ,  c is m e a s u r e d  in moles  pe r  l i te r ,  
and T is m e a s u r e d  in s e c o n d s .  The  l imi t ing  c u r r e n t  of the f i r s t  
and second  waves  is diffusion con t ro l l ed .  
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Fig.  1. Bond o r d e r s  of the quinoid 
f r a g m e n t s :  a) an th rapy r idone ;  b) 2- 
me thoxyan th r  apyr  idone. 

its de r i va t i ve s  the l imi t ing  c u r r e n t  cons tan t  of the  f i r s t  wave  is l a r g e r ,  on the a v e r a g e ,  by a f ac to r  of 1.25 than 
the l imi t ing  c u r r e n t  cons tan t  of  the second wave.  This  r e g u l a r i t y  is a l so  bas i ca l ly  obse rved  for  an th rapy r idone  
and its de r i va t i ve s ,  a l though devia t ions  a r e  o b s e r v e d  in a number  of e a s e s .  

The c l o s e  va lues  of the El/2 and A p o l a r o g r a p h i c  c h a r a c t e r i s t i c s  (Table 1) of O- and N - m e t h y l  i s o m e r s  
III and IV indicate  s i m i l a r  m e c h a n i s m s  of the e l e c t r i c a l  r educ t ion  of these  compounds .  T h e r e  is no subs tan t i a l  
d i f f e rence  be tween compounds  that  conta in  two c a r b o n y l  groups  or  only one. 

In fact ,  a c c o r d i n g  to our  ca lcu la t ions  by the P a r i s e r - P a r r - - P o p l e  (PPP)  method within the Dewar  var ian t ,  
HI and IV have s i m i l a r  quinoid groupings  [1, 2] (Fig. 1). In this  c a s e  the p r e f e r r e d  a s sumpt ion  is that  the f i r s t  
e l ec t ron  adds to  the ke tone  c a r b o n y l  group r a t h e r  than to the amide  group,  s ince  the negat ive  c h a r g e  (-0.406) of 
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TABLE 2. Shifts of the Frequencies of the Stretching Vibrations 
of the NH and OH Bonds (&vOH and AVNH in cm -I) and Changes in 
the Enthaplies of the Intramolecular Hydrogen Bonds (AHIH B in 
kcal/mole) in Anthrapyridones 

Substituent ~"N K...O and Vo ~{...o AvN H lg AI[ AH o ,~H IH8 

l-Nit2 
I-NHC~H5 
6-NHC~H,a 
6-NH~ 
6-OH 
l -OH 

3428 
3338 
3305 
3391 
3000 
3264 

44 
134 
167 
81 

648 
384 

0,15 
0,46 
0,52 
0.32 
0,9l 
0,76 

1,4l 
2.90 
3,35 
2,09 
8.08 
5,75 

1,03 
2.12 
2,45 
1,53 
5,92 
4,21 

Frequencies of the vibrations of free OH and NH groups: v NH 
3472 c m  - t ,  V~ c m  -1. 
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1,0 H C H 3 J  O,9 

o,9 o' . .~ .6 -B~ I-~ "1o-'] 
�9 o ~,~, ~;o ~;~ ELVl, IO '.,o 2;o 3,o ,~,~ 5,'o 61o 

Fig. 2 Fig. 3 

Fig. 2. Correlation between the EI/21 and ELVMO values of some 
anthrapyridone derivatives. 

Fig. 3. Correlation of the El/21 half-wave potentials and IHB en- 
thalpies for amino- and hydroxyanthrapyridones. 

I-NH 2 

~6-NH 2 
"~'I- NHCsH 5 

HC6H13 

" ~ M L  6_ O1. I 
AHIH B, kcal/mole 

the former is lower than that of the latter (-0.476). In the case of III the second electron most likely adds to the 

C =C bond in the para position relative to the C =O group. 

The addition of an electron during polarographic reduction of a molecule is usually interpreted as occupa- 

tion by this electron of the lowest vacant molecular orbital (LVMO) [ii]. A linear relationship should exist 
between the energy of this r~ orbital and the corresponding El/2 value. As seen from Table i, the measured El/2 
values correlate satisfactorily with the LVMO energies calcfllated by the H[ickel MO method (Fig. 2). 

It is apparent from Table 2 and Fig. 3 that in the case of anthrapyridones in which an intramolecular hy- 
drogen bond is formed [12] the El/21 values lie in the more positive region as compared with the values in the 
case of compounds that do not form an intramolecular hydrogen bond. For example, on passing from N-methyl- 
anthrapyridone (IV) to 6-hydroxy-N-methylanthrapyridone (XVII), the El/21 value decreases by 0.080 \7 and on 
passing from l-piperidino-N-methylanthrapyridone (XIII) to l-hexylamino- (XV) and l-cyclohexylamino-N- 
methylanthrapyridone (XFV) it decreases by-0.069 and- 0.032 V, respectively. 

The enthalpies of the intramolecular hydrogen bonds of the amino- and hydroxyanthrapyridones were 
determined from the equations proposed by Terent'ev [13]: 

i gAH ~ = A + pl gay, 
AHIH B =AH~ 1 - - A A H ) a = A H  ~ 0.732, 

w h e r e  A = - 0 . 9 2 ,  p=  0.65,  Av is the  sh i f t  in the  f r e q u e n c y  of the  s t r e t c h i n g  v i b r a t i o n s  of the  X'-H g r o u p s ,  (1 - ~ H )  
is the  c o r r e c t i o n  for  the  l i n e a r i t y  of the  XH. . .O  i n t r a m o l e c u l a r  h y d r o g e n  bond (IHB) in the  s i x - m e m b e r e d  r i n g ,  
and a' is  the  e x p e r i m e n t a l  sh i f t  of the  V~r l (X=O ) band.  

S ince  a m i n o  and hyd roxy  d e r i v a t i v e s  of a n t h r a p y r i d o n e  with f r e e  NH and OH g r o u p s  a r e  unknown, to  e s t i -  
m a t e  the  sh i f t  of  the  f r e q u e n c y  of the  VNH and vOH s t r e t c h i n g  v i b r a t i o n s  of t h e s e  g roups  d u r i n g  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 in the i n v e s t i g a t e d  c o m p o u n d s  we used  the  f r e e  VNH and vOH f r e q u e n c i e s  in the  
IR s p e c t r a  of 2 - a m i n o -  and 2 - h y d r o x y a n t h r a q u i n o n e s  in the  gas  p h a s e  [14] (VNH 3472 c m  -1, and a v e r a g e  VaSNH 2, 
gSNH2, and VOH v a l u e  3648 c m - l ) .  
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It is apparen t  f rom Table  2 and Fig. 3 that the re  is a sa t i s f ac to ry  co r r e l a t i on  between the calculated IHB 
enthalpies  (AHIH B) and the ha l f -wave  potent ia ls  (E1/2I). The observed  re la t ionsh ip  between AHIH~ and E1,9 I/~ 
in an thrapyr idones  is in ag reemen t  with the po la rographic  data in [15] for anthraquinone and its methoxy and 
hydroxy de r iva t ives .  

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

The po la rograph ic  m e a s u r e m e n t s  were  made with an OH-102 e lec t ronic  record ing  po la rograph  {Hungary). 
A dropping m e r c u r y  e lec t rode  with the following cap i l l a ry  c h a r a c t e r i s t i c s  was used for the reduction of the in- 
ves t igated compounds:  m = 2.251 mg/sec ,  and ~-= 3.6 sec .  The e l ec t rochemica l  cel l  was the rmos ta t t ed  at 25 + 
0.1 ~ The potent ia ls  were  moni tored by means  of a P-304 h igh - r e s i s t ance  dc po ten t iometer .  All of the m e a -  
su remen t s  were  made  in anhydrous DMF purif ied by the method in [16] with a 0.1 M N(C2Hs)~I base  e lec t ro ly te  
( r ec rys ta l l i zed  f rom alcohol). Some of the an thrapyr idone  de r iva t ives  were  calculated by the Hiickel MO LCAO 
method (Htickel MO) with the aid of the p a r a m e t e r s  in [17] and by the MO LCAO method within the P a r i s e r -  
P a r r - P o p l e  approximat ion  [18]. 

Anthrapyr idone and its de r iva t ives  we re  obtained and purif ied as in [12]. 
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