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c o r r e l a t i o n  of a n i  on-radical carbonyl  

f requencies  with s u b s t i t u e n t  cons tan ts ;  

subs ti t u t e d  benzophenones 

I.  N.  Juchnwski  and Ts.  M. Kolev 

I n s t i t u t e  of Organic Chemistry,  Bulgarian A c a d e q  

of Sciences,  11 13 S o f i a ,  Bulgar ia  

ABSTRACT 

i)cG-o bands of 23 d o n - r a d i c a l s  of meta- and para- 

subs ti t u t e d  benzophenones have been ass igned  and compared t o  

9 of the  parent  n e u t r a l  compounds. Carbonyl f r e q u e n c i e s  

of  t h e  an ion- rad ica ls  (ass igned on the  b a s i s  of  d a t a  f o r  

i s o t o p e - l a b e l l i n g  compounds) have been found t o  appear i n  a 

7-8 t imes wider frequency i n t e r v a l  as compared t o  the  

frequency range of corresponding n e u t r a l  compounds, i .e . 
the  s t r u c t u r a l  e f f e c t s  on r) c-,o on %he an ion- rad ica ls  are 

7-8 times s t r o n g e r ,  compared t o  those on 9c=o of the 

n e u t r a l  benzophenones. 
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482 JUCHNOVSKI AND KOLEV 

Comparison of k e t y l  gcy0 with the  sum of the s u b s t i -  

t u e n t  cons tan ts  h a s  shown t h r e e  separa te  c o r r e l a t i o n s  f o r :  

i )  k e t y l s  f r e e  o f  n i t r o  groups; ii) k e t y l s  with n i t r o  groups 

i n  para-posi t ion;  iii) k e t y l s  x i t h  n i t r o  groups i n  meta- 

p o s i t i o n .  The absence of genera l  c o r r e l a t i o n  has been 

explaned by the  d i f f e r e n t  types of the odd-electron 

d i s  tri b u t i  on. 

"hese r e s u l t s  do r e j e c t  a s e r i e s  of l i terature  conclu- 

s i o n s  about the s u b s t i t u e n t  e f f e c t s  on 9czo of t h e  anion- 

r a d i c a l s  of s u b s t i t u t e d  benzophenones. 

W TRODUC TI ON 

D e t a i l e d  s t u d i e s  on the  v i b r a t i o n a l  s p e c t r a  of anion- 

r a d i c a l s  have been published f o r  quinone an ion- rad ica ls  only.. 

S p e c t r a  of the s t r o n g l y  r e a c t i v e  aromatic ketone anion- 

r a d i c a l s  ( k e t y l s )  have not  been s t u d i e d  completely.  We have 

r e c e n t l y  described' t h e  i n f r a r e d  s p e c t r a  of s e v e r a l  k e t y l s  

with the  fol lowing genera l  formula: 

1 

R are -HI 4 N  and -NO2 para- 

subs ti t u e n t s  

We have found i n  the same s tudy some e s s e n t i a l  errors i n  

the  If t e r a t u r e  ass ignmen2 of benzophenone-keQ1 IR bands. 

Unambigous bend assignment of k e t y l  i n f r a r e d  s p e c t r a  is 

q u i t e  d i f f i c u l t  because o f  the  s t r o n g  v a r i a t i o n s  i n  both 

band f requencies  and i n t e n s i t i e s  r e s u l t i n g  from the conver- . 
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ANION-RADICALS 483 

t i o n  of n e u t r a l  ketones i n t o  k e t y l s ,  low transparency of the 

u s u a l  s o l v e n t s ,  t h e  high r e a c t i v i t y  of k e t y l s  with r e s p e c t  

t o  oxygen, moisture and most common s o l v e n t s ,  e t c . ,  and 

n e v e r t h e l e s s  the  r e l i a b l e  band assignment i s  an o b l i g a t o r y  

b a s i s  f o r  drawing well-grounded conclusion about  t h e  odd- 

e l e c t m n  d i s t r i b u t i o n  over the  conjugated system and s t r u c -  

t u r a l  f a c t o r s  which determins i t s  v a r i a t i o n s .  

We r e p o r t  i n  t h i s  paper $cGo data f o r  a represen-  

t a t i v e  s e r i e s  o f  s u b s t i t u t e d  benzophenone an ion- rad ica ls  and 

we d i s c u s s  the  s u b s t i t u e n t  induced v a r i a t i o n s  i n  the  odd- 

e l e c t r o n  d i s t r i b u t i o n ,  r e f l e c t i n g  i n  the gcu0 
behaviour.  This approach would make i t  p o s s i b l e  t o  check the 

v a l i d i t y  of some l i t e r a t u r e  conclusions3 and t o  form a new 

concept about  s t r u c t u r a l  e f f e c t s  on sc,o of s u b s t i t u t e d  

benzophenone anion-radi c a l s  . 

band 

EXPERIDEKTA L 

Anion-radicals have been generated e lec t rochemica l ly  i n  

a s p e c i a l  CaF2 e l e c t r o l y s i s  c e l l  of 0,26 mm path l e n g h t ,  

suppl ied  with a c e n t r a l  platinum cathode and two plat inum 

anodes b u i l d  i n  i t s  spaser4.  P u r i f i e d  dimethyl sulfoxide-d6 

(DMSO-d6),  conta in ing  0,l mol/l  tetraethylammonium 

p e r c h l o r a t e  has been used as a so lvent .  Concentrat ions:  i n  

the range of 0.05 - 0 , l  mol/l.  A similar c e l l ,  c o n t a i n i n g  

t h e  same so lvent  has  been used as a r e f e r e n c e .  A f t e r  2 - 10 

minutes a f t e r  apply ing  a v o l t a g e  of 1 - 2,5 Y, t h e  s o l u t i o n  
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484 JUCHNOVSKI AND KOLEV 

i n  cathode space through which the measuring beam passes  gets 

the  co lou r  c h a r a c t e r i s t i c  f o r  corresponding m i o n - r a d i c a l .  

- RESULTS AID DISCUSSION 

The f i n a l  r e s u l t s  f o r  $c,o band assignment of 23 

an ion- rad ica l s  s t u d i e d  of meta- and pa ra - subs t i t u t ed  benzo- 

phenones are p resen ted  i n  Table 1 .  

Attempts t o  c o r r e l a t e  dcz0 of the  p a r e n t  ketones wi th  

Sc--, of the corresponding an ion - rad ica l s  l e a d  t o  the 

formation o f  t h r e e  sepa ra t e  c o r r e l a t i o n  f o r :  i )  k e t y l s  

w i thou t  n i t r o  groups;  ii) k e t y l s  with n i t r o  groups i n  p a r a  

p o s i t i o n  and iii) k e t y l s  with meta-nitro groups.  

The comparison of scu0 of s u b s t i t u t e d  benzophenones 

an ion - rad ica l s  with the sum of s u b s t i t u e n t  c o n s t a n t s  h a s  

given a l s o  t h r e e  separate c o r r e l a t i o n s  (F ig .  1 ) .  

Anion-radicals of benzophenones w i t h  electron-wi thdraw- 

i n g  s u b s t i t u e n t s  (weaker than t h e  carbonyl  group)  show 

lowest  f r equenc ie s  ( c o r r e l a t i o n  I on F ig .  1 )  and t h i s  can be 

r e l a t e d  t o  the expected high odd e l e c t r o n  d e n s i t y  w i t h i n  t h e  

the  carbonyl  group . 5 

scG0 of benzophenone an ion - rad ica l s  w i t h  para-ni t r o  

groups (Formula 1 ) 
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ANION-RADICALS 485 

Table  1.  Comparison between $=, of meta- and p a r a - s u b s t i t u -  

t e d  benzophenones and L)c.lo of c o r r e s p o n d i n g  anion-radicals. 

--- 
N 0 

- -- 
1 .  

2. 

3 .  
4. 
5 .  
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1 3 .  
14. 

15. 
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17. 
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19. 
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21. 

22. 

23 
- -- 

C H COC6D5; * , l 8 O  l a b e l l e d  compounds. ' 6 5  a C D COC6D5; ' 6 5  
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Fig. 1 

Corre la t ion  between Scs0 of anion-radicals of 

s u b s t i t u t e d  benzophenones ( s o l v e n t  DPIS0-d6) and 

the  sum of 6 s u b s t i t u e n t  constants .  
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ANION-RADICALS 487 

form t h e  c o r r e l a t i o n  I1 (Fig.  1 )  due t o  t he  high e l e c t r o n -  

withdrawing a b i l i t y  of  t h e  n i t r o  group. $c,o lowering on 

c o n v e r t i  on of para-ni trobenz ophenones i n  t o  corresponding 

an ion - rad ica l s  i s  ca.  100 cm . -1 

sc=o of an ion - rad ica l s  w i t h  meta-ni t ro  grcjups 

(Formula 2) r 

2 
a r e  only o f  10-11 cm'l lower than those of  the p a r e n t  

ketones.  This r e s u l t  can be a s c r i b e d  t o  a d e f i n i t e  l o c a l -  

i z a t i o n  of the odd-electron d e n s i t y  w i t h i n  t h e  n i t r o  grouy 

( t h e  s t r o n g e s t  e lectron-withdrawer) ,  f o r  t h e r e  a r e  no 

p o s s i b i l i t i e s  of CO/NO compe t i t i ve  conjugat ion i n  

t h e s e  cases .  
2 

3,,, d a t a  f o r  t h e  case of 3,4'-dinitrobenzophenone- 

k e t y l  (Formula 3 ) 

3 
p o i n t  t o  t h e  pronounced l o c a l i z a t i o n  of t h e  odd-electron 

d e n s i t y  w i t h i n  the 4-nitrobenzoyl fragment, while the 

3 - n i t r o  group is p r a c t i c a l l y  o u t  of t h e  an t ibond ing  o r b i t a l  

i n f  h e n c e .  
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488 JUCHNOVSKI AND KOLEV 

r) of n e u t r a l  benzophenones appear i n  a q u i t e  narrow c=o 
frequency region ( 3 3  cm” ); i n  cases  of t h e  corresponding 

an ion- rad ica ls  t h i s  reg ion  i s  much l a r g e r  ( c a .  270 cm” , 
Table 1 )  s o  the s t r u c t u r a l  e f f e c t s  on scx0 of anion- 

r a d i c a l s  a r e  7-8 t imes s t r o n g e r  than i n  the  cases  o f  the  

n e u t r a l  ketones.  

There i s  a c l o s e  analogy between s t r u c t u r a l  e f f e c t s  on 

scglz) i n  anion- odd-electron d e n s i t y  d i s t r i b u t i o n  (and on 

r a d i c a l s  of aromatic  n i t r i l e s ‘  and aromatic  k e t y l s .  

The a b w e  repor ted  d a t a  on the  r e l a t i o n  between the 

s t r u c t u r e  and f requencies  of t h e  

anion-radicals  can be q u a l i t a t i v e l y  descr ibed  i n  t h e  

fo l lowing  way : 

dcs0 band o f  benzophenone 

The presence of the  odd e l e c t r o n  an ant ibonding 71- 
o r b i t a l  r e s u l t s  i n  a weakening of the n-bonds of pronounced 

double c h a r a c t e r  i n  the  conjugated system, i n c l u d i n g  those of 

the carbonyl group. The l a t t e r  group i s  2.n e lec t ron-acceptor  

and t h e r e f o r e  a considerable  p a r t  of t h e  odd e l e c t r o n  

dens i ty  i s  l o c a l i z e d  over i t ,  which leads  t o  a s t r o n g  

decrease i n  sc-o ( e . g .  anion-radical  of benzophenone). 

The presence of a l a r g e  conjugated system g i v e s  the 

possi  b i l l  ty of a s t r o n g  d e l o c a l i z a t i o n  of t h e  odd e l e c t r o n ;  

i n  t h i s  case the $,=, i s  l i t t l e  b i t  s m a l l e r  (e.g. 4-phenyl 

benzophenone-ketyl) . I f  beside t h e  carbonyl group another  

s t r o n g  acceptor  i s  present  i n  t h e  anion-radical ,  the  odd 

e l e c t r o n  d i s t r i b u t i o n  i s  determined by the  competi t ion 
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ANION-RADICALS 489 

between t h e  two a c c e p t o r s ;  s m a l l e r  frequency decrease of the  

bands were found i n  t h e  cases  where carbonyl  group 9 c=o 
i s  t h e  weaker acceptor  (e.g. 4-nitrobenzophenone k e t y l )  . 
If t h e  two acceptors  a r e  n o t  mutually conjugated,  the  

p o s s i b i l i t i e s  of  a competit ion decrease and the odd e l e c t r o n  

proves t o  be p r a c t i c a l l y  completely l o c a l i z e d  over the  

s t r o n g e s t  acceptor .  When the carbonyl  group i s  the  weaker 

acceptor ,  only s m a l l  v a r i a t i o n s  i n  the frequency of the  

bands were found ( e  .g. an ion- rad ica l  of 3-ni trobenzophenone). 

3,=0 

Elec t ron- re leas ing  s u b s t i  t u e n t s  (even dimethylamino 

group) have n o t  e s s e n t i a l  e f f e c t  on sk0 of anion-radicals  

(Table 1 ,). The low s e n s i t i v i t y  of d,,, of an ion- rad ica ls  

t o  e l e c t r o n - r e l e a s i n g  s u b s t i t u e n t  e f f e c t s  i s  e v i d e n t l y  due t o  

the  presence of cons iderable  amounts of nega t ive  charge on 

the carbonyl  group. Thei r  i n f l u e n c e  on Gcz0 of  the  

neut r -1  ketones i s ,  on the c o n t r a r y ,  very s t rong .  

As i t  i s  s e e n  the  s t r u c t u r a l  e f f e c t s  on ))c=o of 

n e u t r a l  ketones and on l)c,o o.f the corresponding anion- 

r a d i c a l s  a r e  very  d i f f e r e n t .  Carbonyl f requencies  i n  k e t y l s  

a re  determined mainly by the odd e l e c t r o n  d i s t r i b u t i o n  over  

-the conjugated system, which on i t s  p a r t  depends very 

s t r o n g l y  on the p o s i t i o n  and t h e  type of t h e  e lec t ron-  

withdrawing s u b s t i t u e n t s  but v e r y  weakly by e lec t ron-  

r e l e a s i n g  ones. 
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