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C O G I T A T I O N E S  

T h e  S p e c i f i c i t y  o f  R e a c t i o n s  of  P o l y c y c l i c  

A r o m a t i c s  

I I .  P o l a r o g r a p h i c  R e d u c t i o n s  t 

By F. T. WALLENBERGER* 

P o l a r o g r a p h i c  r e d u c t i o n s  of polycycl ic  a r o m a t i c  h y d r o -  
carbons  h a v e  b e e n  s t ud i ed  e x t e n s i v e l y  b y  VCXWZONEK2, ~ 
and b y  BEI~GMANK WAWZONEK WaS p r i m a r i l y  in t e re s t ed  
in the  m e c h a n i s m  of t h e  r e d u c t i o n  of c o n j u g a t e d  and  
a romat ic  s y s t e m s  a t  t h e  d r o p p i n g  m e r c u r y  e lec t rode  a n d  
has r e l a t ed  3 p o l a r o g r a p h y  to  a d d i t i o n  of a lka l i  me ta l s  to  
polycyclic a romat i c s .  BERGMAN 4 ha s  r e p o r t e d  ha l f -wave  
potent ia ls  (E1/~) of 75 polycycl ic  a r o m a t i c  h y d r o c a r b o n s .  
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I n  t h e  q u e s t  for  a t heo re t i ca l  a s s e s s m e n t  of h is  e x t e n s i v e  
e x p e r i m e n t a l  s t u d y  he  h a s  a t t e m p t e d  to  cor re la te  g raph i -  
cal ly  t h e  n u m b e r  of z -e l ec t rons  p e r  molecule  a n d  t h e  wave  
l eng ths  of p a r a - b a n d s  5 in  t h e  U V  s p ec t r a  w i t h  t h e  ha l f -  
wave  pc~tentials. 

Whi l e  WAWZONEK'S m e c h a n i s m  s tud ies  a n d  BERGMAN'S 
e x p e r i m e n t a l  c o n t r i b u t i o n s  are  of e x t r e m e  s ignif icance 
to t h e  c h e m i s t r y  of polycycl ic  a roma t i c s ,  i t  a p p e a r s  t h a t  
BERGMAN'S theo re t i ca l  co r reh t t i on  is of  l imi ted  v a l i d i t y  
an d  open  to  cr i t ic ism.  

T h e  p a r a - b a n d s  (also k n o w n  as p-,  g r o u p  II-, p r i m a r y ,  
an d  La-bands  ) s as classified a n d  de f ined  b y  CLA R 4.6 h a v e  
been  a t t r i b u t e d  to  meso -C-a toms  or, in  o t h e r  words ,  to  
exc i t a t ions  of p a r a  pos i t ions  of these  molecules  in  t h e  U V  
spect ra .  Assuming  th i s  be ing  so, BERGMAN'S cor re la t ions  
should  n o t  have  inc luded  d a t a  de r ived  f rom 1, 2-(bond)  
reac t ions  ( p h e n a n t h e n e ,  chrysene ,  etc.)  b u t  on ly  com-  
p o u n d s  which  are c lear ly  r educed  b y  1 ,4- (conjuga te )  
add i t ion .  There  is f u r t h e r m o r e  also a c e r t a i n  a m b i g u i t y  
a b o u t  t h e  b a n d  a s s i g n m e n t s  t hemse lves .  

T h u s  i t  ap p ea r s  t h a t  a genera l  a n d  c o m p a r a t i v e  corre-  
l a t ion  of po la rograph ic  r e d u c t i o n s  of polycyct ic  a r o m a t i c s  
h a s  to  be a t t e m p t e d  on a d i f fe ren t  basis.  

n E. CLxt~, Aromatische Kohlenwassersto[Je, 2nd Edit. (Springer- 
Verlag, Berliu 1953). 

6 G. M. BAVGER, The Structure and Reactions o! the Aromatic 
Compounds (Cambridge University Press, Cambridge 195.1), p. 386. 

Table I 
Specificity of Polarographie Reductions of Polycyclie Aromatics 

Hydrocarbon 
in C. A. numbering 
and nomenclature 

Naphthalene 

Anthracene 

Naphthacene 

Pentacene 

Phenanthrene  

Cbrysene 

Dibenz(a, h)anthracene  

Pyrene 

Benz(a) pyrene 

Triphenylene 

Reduction a Diffusion b 
Current i d 

1st 2nd 

5.5 

3.3 

1.51 1.47 

0.053 0-094 

3.4 3.9 

5-5 2-9 

Resonance c 
Energy 

Positions ] kcal. 

1,2 
1,4 
1,2 
1,4 
9,10 
1,2 
1,4 
5,12 
1,2 
1,4 
5,14 
6,13 
1,2 
3,4 
1,4 
9,10 
1,2 
3,4 
5,6 
1,4 
5,6 
7,12 
4,5 

1,2 
6,7 
1,2 
2,3 
1,4 

Potential E½ 

1st ] ~nd" 

1-98 " 

1.46 

1.135 2-02 

0.86 1.92 

1.935 2.125 

1.805 2-165 

1.545 1.97 

1.61 1-70 
(1.80) a 

1.36 1.59 
(1.89) ,l 

1,97 

1.85 4.3 

3.25 3.3 

2.15 2.35 
(1.45) a 
8-84 

20"0 
27 '6 
20"0 
25"6 
15"6 
19-5 
24"6 
13"6 
19"4 
24"6 
13.6 
11.6 
23.9 
24.4 
29-6 
16"2 
23.6 
23-3 
18.1 
28.6 
15.7 
22.6 
16.0 

17"6 
14"8 
25'8 
32'1 
30"0 

Positions of 
Preferred 
Reduction 

1,2; 1,42-4, e 

9,103. 4 

5,124 

6,134 

9,102-4 

5,60",4 

5,64 

4,53, 4 

6,73.4, r 

1.24 

a From reference 4; b from reference 4 (i a = Ia/cm2/Z t xiG); e obtained or calculated from data contained in references 8,9, and 10; 
d third wave; e the 1,2-dihydro T.S.  is theoretically favored; f the possibility of 1,6-additions in polarngraphic rednctions is 

under consideration. 
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I n  p u r s u i t  of a n  ear l ie r  sugges t ion  of MACCOLL 7 in-  
v o l v i n g  r e l a t i o n s h i p s  w i t h  t h e  coeff ic ient  of  t h e  m o l e c u l a r  
o r b i t a l  r e s o n a n c e  e n e r g y  in tegra l ,  i t  will n o w  be  a t t e m p t e d  
to  co r r e l a t e  t h e  spec i f ic i ty  a n d  ease  of p o l a r o g r a p h i c  re-  
d u c t i o n s  of po lycyc l ic  a r o m a t i c s  w i t h  t h e o r e t i c a l  reso-  
n a n c e  e n e r g y  decreases  a c c o m p a n y i n g  t h e  r eac t ion .  

H a v i n g  found  t h a t  th@ reac t ions  p roceed  b y  1, 2- (bond)  
a n d  1 ,4 - (con juga te )  add i t i on ,  i t  a p p e a r s  t h a t  t he  pre-  
fe r red  t y p e  of r eac t ion ,  l ike in  ozon iza t ions  of polycycl ic  
a r o m a t i c s  1, d e p e n d s  u p o n  t h e  r e l a t i ve  s t a b i l i t y  of va r i ous  
poss ible  o r tho  a n d  p a r a  d i h y d r o a r o m a t i c  i n t e r m e d i a t e s  
a n d  p roduc t s .  These  r e l a t ive  s t ab i l i t i e s  c an  be  assessed  
f r o m  r e s o n a n c e  energies  w h i c h  h a v e  b e e n  ca l cu l a t ed  s for  
o r t h o  pos i t ions  of a la rge  n u m b e r  of  po lycyc l ics  a n d  w h i c h  
are  eas i ly  c o m p u t e d  for p a r a  pos i t i ons  of t he se  c o m p o u n d s  
f rom pa ra - loca l i za t i on  energies  9 a c c o r d i n g  to  a sugges t ion  
of WHELAND 10. 

T a b l e  I compr i ses  such  a co r r e l a t i on  of r e s o n a n c e  ener -  
gies, f i r s t  h a l f - w a v e  potenicials, a n d  p re fe r r ed  course  of 
p o l a r o g r a p h i c  r e d u c t i o n  of a r e p r e s e n t a t i v e  n u m b e r  of 
i n d i v i d u a l  h y d r o c a r b o n s .  

I n  genera l  i t  c an  be  seen  t h a t  r e a c t i o n  occurs  p re fe ren-  
t i a l l y  a t  pos i t ions  of lowes t  r e s o n a n c e  ene rgy  va lues .  
Re fe rences  i n d i c a t e  w h e r e v e r  p r o d u c t s  h a v e  b e e n  s t u d i e d  
e x p e r i m e n t a l l y  ~ o r  w h e r e  t h e  s igni f icance  of f i r s t  a n d  
s u b s e q u e n t  waves  h a s  b e e n  r igo rous ly  assessed in  t e r m s  
of f i r s t  r e a c t i o n  s t ep  a n d  f u r t h e r  r e d u c t i o n  of t h e  p r i m a r y  
r e a c t i o n  p r o d u c t s  3. 

T h e  course  of t h e  p re fe r r ed  p o l a r o g r a p h i c  r e d u c t i o n  
w i t h  n a p h t h a l e n e  is n o t  e n t i r e l y  clear .  Alka l i  m e t a l s  a re  
a d d e d  p r e d o m i n a n t l y  b y  1, 4 -add i t ion ,  a n d  e lec t ro ly t i c  
r e d u c t i o n  in  t h e  p resence  of CO~ gave  r e p o r t e d l y  b o t h  
1,2- a n d  1, 4 -d ica rboxyl ic  ac id ;  on ly  t he  l a t t e r  was  def ini -  
t e ly  i so la ted  z. I t  seems t h a t  e lec t ronic  r epu l s ion  a n d  s te r ic  
s u b s t i t u e n t  effects  f avo r  1, 4 -add i t ion  desp i te  t h e  m o r e  
s t ab l e  1, 2 -d ihydro  t r a n s i t i o n  s ta te .  Th i s  a s s u m p t i o n  is 
s u b s t a n t i a t e d  b y  t h e  ease of r e a r r a n g e m e n t  of 1,4- i n t o  
1, 2 - d i h y d r o n a p h t h a l e n e  n .  

I n  m o r e  c o m p l e x  polycycl ic  a r o m a t i c  h y d r o c a r b o n s  
(e. g. benz (a )py rene ,  pery lene ,  etc.) i t  was  found  t h a t  
1 ,6 -ox ida t ions  occur  r ead i ly  w i t h  va r ious  o x i d a n t s  ~ as 
well  as w i t h  oxygen,  ca t a lyzed  b y  2-4~/o ozone ~. Th i s  
sugges t s  t h a t  t h e  1 ,6 -qu ino id  (d ihydro)  s t r u c t u r e s  of 
t h e s e  c o m p o u n d s  are  r e l a t i v e l y  m o r e  s t ab l e  u n d e r  g iven  
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c o n d i t i o n s  t h a n  t h e i r  1,4- a n d  1 ,2 -qu ino id  (dihydro) 
s t ruc tu res .  Cor r e spond ing ly  one  m i g h t  also e x p e c t  1,6- 
r eac t ions  f rom p o l a r o g r a p h i c  r educ t ions .  T h e  resonance 
energies  (if c a l cu l a t ed  t o  a p p l y  t o  such  cond i t ions )  then 
l ikewise are  lower  t h a n  t h e  r e s o n a n c e  e n e r g y  decreases 
c a l c u l a t e d  for  t h e  m o s t  f a v o r e d  1, 4- a n d  1, 2-posi t ions.  

T h e  p r e s e n t e d  co r re l a t ion  for  t h e  f i r s t  t i m e  explains 
w h y  p o l a r o g r a p h i c  r e d u c t i o n s  p roceed  p r e d o m i n a n t l y  by 
1, 2-(bond)  a d d i t i o n  w i t h  some polycycl ic  a r o m a t i c s  and 
b y  1, 4 - (con juga te )  a d d i t i o n  w i t h  o thers .  T h e  resonance 
e n e r g y  co r r e l a t i on  c a n  be  e x t e n d e d  to  c o m p o u n d s  4'8-u 
n o t  l i s ted  in t h i s  c o m m u n i c a t i o n s .  

F u r t h e r m o r e ,  i t  is n o w  also poss ib le  t o  assess t h e  order 
of r e l a t i v e  r e a c t i v i t y  t o w a r d s  r e d u c t i o n ( T a b l e  I I )  of the 
po lycyc l ic  a r o m a t i c s  l i s t ed  in  T a b l e  I ,  w i t h  p e n t a c e n e  as 
m o s t  r e a c t i v e  a n d  t r i p h e n y l e n e  as  l eas t  r eac t ive .  There 
is a l i nea r  r e l a t i o n s h i p  for  p a r a - r e d u c t i o n s  whi le  t h e  re- 
l a t i o n s h i p  for  o r t h o - r e d u c t i o n s  r a p i d l y  levels  off to  a 
c o n s t a n t  v a l u e  2.00 :k 20. 

Table I I  
Reactivity of Polycyclie Aromatic towards Polarogr~ 

Hydrocarbon 
in C. A. numbering 
and nomenclature 

Pentacene . . 
Naphthaceue  . 
Benz(a) pyrene 
Anthracene  . . 
Dibenz(a, h) 

an thracene  . 
Pyrene 
Phenan threne  . 
Chrysene . . . 
Naphtha lene  
Triphenylene 

Reactive 
Positions 

. para ortho 

6,13 
5,12 

6,7e 
9,10 

5,6 
4,5 
9,10 
5,6 
1,2 a 
1,2 

Resonance a 
Energy 

para ortho 

11"6 
13"6 

14"8 
15"6 

15"7 
16"0 
16'2 
18'6 
20"0 
25"8 

)hie Reduction 

Reduction b 
Potential 

para ortho 

0,86 
1,135 

1 '46 
1"36 

1-545 
1.61 
1"935 
2"165 
1-98 
1"97 

a Obtained or calculated from data contained in references s,I 
and10. _ b From reference4; e see footnote b in'Fable I; d the 1,2- 
dihydro T. S. is theoretically favored. 

T h u s  i t  h a s  b e e r / s h o w n  t h a t  i t  is poss ib le  to  p r ed i c t  the 
spec i f ic i ty  of p o l a r o g r a p h i c  r e d u c t i o n s  a n d  to  a c c o u n t  for 
t h e  r e l a t i ve  r e a c t i v i t y  of  polycycl ic  a r o m a t i c s  towards  
r e a c t i o n s  a t  t h e  d r o p p i n g  m e r c u r y  e lec t rode .  

Z usamrnen/  assung  

D i e p o l a r o g r a p h i s e h e  R e d u k t i o n  po lyzyk l i s che r  arc 
m a t i s c h e r  V e r b i n d u n g e n  k a n n  als  1,2-, 1,4- o d e r  1,~ 
A d d i t i o n  erfolgen.  D e r  V e r l a u f  d e r  R e a k t i o n e n  llisst sicl 
aus  d e r  A b n a h m e  d~r  R e s o n a n z e n e r g i e  ab le i t en .  


