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Compounds belonging to the quinone c lass  are  widely distributed in nature.  Many of them are  biologi- 
cally active: they take part  in p rocesses  of metabol ism of mater ia ls  [1], and they are used as medicinal  
p repara t ions  [2]. The p r e s e n c e o f c a r b o n y l g r o u p s i n t h e q u i n o n e  molecules  makes it possible for  compounds of 
this c lass  to en ter  into ox ida t ion- reduc t ion  react ions [3]. However,  both the ox ida t ion- reduc t ion  potentials 
and also the spect ra l  cha rac t e r i s t i c s  of these substances depend great ly  on the substituents on the quinoid 
ring. A study of s t ruc ture ,  basic physicochemical  proper t ies ,  and biological activity requires  a reliable 
interpretat ion of the absorption bands in the e lectronic  spect ra  of quinones. While a number  of works [4-6] 
have been devoted to a study of the e lect ronic  absorption spectra  of p-benzoquinones,  the absorption spectra  
of o-benzoquinones have been inadequately studied, since it is known that unsubstituted o-benzoquinone is ex-  
t r emely  unstable. 

The objective of the present  work was the ass ignment  of electronic absorption bands of five o -benzo-  
quinone derivat ives  (see Table 1). In this work we have investigated the absorption spect ra  of solutions of these 
compounds as a function of solvent polari ty and pH of the medium, and we have also studied the absorption of 
the reduced and oxidized forms .  Together  with this, with the objective of unequivocally assigning absorption 
bands to definite e lectronic  t ransi t ions ,  we have studied the polar izat ion of the absorption bands and have ca l -  
culated the osc i l la tor  forces  of the long-wavelength band. 

Spectra of the indicated compounds were recorded on a Specord UV VIS spec t rophotometer  in the 210- 
700-nm region. Polar ized spectra  of the o-benzoquinones,  oriented in s t re tched fi lms of polyvinyl alcohol 
(PVA), were recorded on SF-4A and Specord UV VIS spect rophotometers  equipped with a polaroid.  The spec-  
t ra l  shape of the d ichroism of par t ia l ly  oriented molecules  was calculated by the formula  

d - -  D l I - D •  . 100%, 
DII ~ D •  

where DII is the parallel  component of optical density in polarized light whose e lec t r ica l  vec to r  coincides with 
t h e d i r e e t i o n o f s t r e t c h o f t h e f i l m a n d D ~ i s  the perpendicular  component of optical density,  with an e lec t r ica l  vec -  
to r  perpendicular  to the di rect ion of s t re tch .  Reduction of the o-benzoquinone der ivat ives  was performed with 
molecu la r  hydrogen in the presence of P ro  2 cata lyst  in 0.02 N HC1. 

Spectra of the compounds studied are  shown in Fig. 1. In the visible and nea r -UVreg ions ,  compounds I, 
H, IV, and V have three  c lear ly  expressed  absorption maxima.  In the spect ra  of compound III, two sharp  
bands are observed in the 250-350-nm region, one of which (at about 270 rim) has a diffuse fine s t ruc ture  which 
is displayed more  c lear ly  in weakly polar  solvents (in dioxane, for  example).  On change in the acidity of the 
solution in the direct ion of lower  pH values,  in addition to changing its position, this band dec reases  in inten- 
sity. Moreover ,  a bathochromic shift of this band is observed on transi t ion to nonpolar solvents.  To all ap-  
pearances ,  this pertains to an n ~ 7r*transi t ionofa disubstituted benzene ring [7]. This conclusion is cup- 

ported by the fact that the 280-am band which we observed in the absorption spectrum of the H2N- / ~ - - ~ - -  \ / 

COONa molecule  undergoes s imi la r  changes with respec t  to shift and intensity as a function of the pH of the 
medium and the polari ty of the solvent. In all the compounds we studied, the absorpt ion band in the 200-nm re-  
gion pertains to electronic transi t ions of the conjugated bond system of a qu ino id r~g .  A detailed study of this 
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T A B L E  1. V a l u e s  of Band M a x i m a ,  k (in am) ,  M o l a r  E x t i n c t i o n  
Coe f f i c i en t s  ~ (in l i t e r s  �9 m o l e  -1 .  cm-1) ,  and Band O s c i l l a t o r  F o r c e s  
A 1 in A b s o r p t i o n  S p e c t r a  of o - B e n z o q u i n o n e  D e r i v a t i v e s  

No. 

III 

IV 

V 

St~ cmral formula Solvent 

O=(%--OCH3 Water�9 

O=I/%--OCH8 Water 
! Methanol 

I~ ] ] ~T~ / = \  Chloroform i v=\//--~ . . . .  ~ //' Dioxane 

]3 -  ~/%--OCH3 Wa~r . 
�9 Metr~ano 

n - !  [ ~1~ / f i - - ~ ' , -  Dioxar~ 
~ - \ / /  . . . . .  \ ~ _ _ /  

--COONa 
O~/~--OCH~ 

O~!/~]--NH--CH2 - 
--COON a 

Water 
Methano 1 
Dioxane 

Water 
Methanol 
Chlorofor~ 
Dioxane 

292 
292 
292 
292 

270 
279 
280 

O= \;--N(CH~)~ 

C ._Ba  

~-10-4 i 

290 
285 
283 
28O 

I 

Shoulder 

0,8 328 1,36 ]510 
0,8 322 1,36 ~488 
0,8 321 1,36 ]476 
0,8 307 1,36 1460 

2,5 335 1,5 509 
2,5 334 1,5 490 
2,5 328 1,5 476 

312 1,55 494 
305 t,55 t75 
294 1,55 t71 

330 1,6 516 
325 1,6 495 
323 1,6 484 
320 1,6 472 

d B Band A [ 

1,3 430 /0,055 
1,3 411 [0.0551 
1,3  00551 

I 

0,32 
0,32 
0,32 
0,32 

0 264 I 
01264 
0,264 

0, 18 
0,18 
0, 18 

0,36 
0,36 
0,36 
0,36 

0,028 

0,14 

0,10 

0,082 

0,15 

band was  not  conduc t ed ,  due to the l i m i t e d  s p e c t r a l  s e n s i t i v i t y  of the i n s t r u m e n t s  used .  The s h o u l d e r  in the 
2 4 0 - a m  r e g i o n ,  which  is  o b s e r v e d  on ly  in a m i n o  d e r i v a t i v e s ,  c o r r e s p o n d s  to a band wh ich  a r i s e s  due to p -~r  
con juga t ion  on i n t e r a c t i o n  of the n i t r o g e n  a t o m  with  the quinoid  r i ng  [7]. 

Al l  the o - b e n z o q u i n o n e  d e r i v a t i v e s  have a c o l o r i n g  which  i s  b r i g h t  ye l l ow  f o r  d i m e t h o x y - o - b e n z o q u i n o n e  
(1) and d a r k  r ed  (with shad ings )  fo r  the a m i n o  d e r i v a t i v e s ;  i . e . ,  in the v i s i b l e  r e g i o n  of the s p e c t r u m  (430-520 
am)  the compounds  of th is  s e r i e s  have  a t y p i c a l  a b s o r p t i o n  (band A).  M o r e o v e r ,  a l l  the  d e r i v a t i v e s  which  we 
s tud ied  d i s p l a y  a b s o r p t i o n  in the 2 8 0 - 3 4 0 - n m  r e g i o n  (band B). The p r e s e n c e  of t he se  bands  in the e l e c t r o n i c  
a b s o r p t i o n  s p e c t r u m ,  j u s t  l ike  the a b s o r p t i o n  a t  1680-1645 cm -1 in the IR r e g i o n  [8], i n d i c a t e s  the p r e s e n c e  of  
a quinoid  type  of s t r u c t u r e  in t h e s e  c o m p o u n d s .  Bands  A and B d i s a p p e a r  in the a b s o r p t i o n  s p e c t r u m  of  the  r e -  
d u c e d  f o r m  of the qu inones  (F ig .  1), wh ich  s u p p o r t s  the c o r r e c t n e s s  of t h i s  s t a t ememt .  The bands  in the 220-  
and 2 9 5 - n m  r e g i o n s ,  which  a r e  d i s p l a y e d  in the s p e c t r a  of the pheno l i c  f o r m s ,  p e r t a i n  to the a b s o r p t i o n  of a 
s u b s t i t u t e d  benzene  r ing  [7]. 

With  the  o b j e c t i v e  of a s s i g n i n g  bands  A and B to a de f in i t e  type  of t r a n s i t i o n ,  we s t u d i e d  t h e i r  pos i t i ons  
a s  a funct ion  of the  p o l a r i t y  of the  so lven t .  As is e v i d e n t  f r o m  Tab le  1, both bands  undergo  a h y p s o c h r o m i c  
sh i f t  on t r a n s i t i o n  f r o m  p o l a r  to n o n p o l a r  s o l v e n t s ;  tha t  i s ,  t hey  behave  a s  r - -w*  t r a n s i t i o n s .  Whi le  the B 
band f r o m  a l l  t h r e e  c r i t e r L a  (pos i t ion ,  c o e f f i c i e n t  of m o l a r  e x t i n c t i o n  ~ m a x  of the o r d e r  of 1 .5"104,  and "b lue"  
sh i f t  on t r a n s i t i o n  f r o m  a p o l a r  so lven t  to a a o n p o l a r  one) s a t i s f i e s  the v ~ 7r* t r a n s i t i o n  s e t t l e d  on,  the a s s i g n -  
m e a t  of band A r e q u i r e s  a m o r e  d e t a i l e d  e x a m i n a t i o n .  

Some w o r k e r s  [9] a s s i g n  the l o n g - w a v e l e n g t h  band of o - q u i n o n e s  to an n - -  7r* t r a n s i t i o n ;  o t h e r s  [10] i n d i -  
c a t e  the p o s s i b i l i t y  of f o r m i n g  a c h a r g e - t r a n s f e r  c o m p l e x .  In a s s i g n i n g  the l o n g - w a v e l e n g t h  a b s o r p t i o n  band of 
an th raqu tnone  d e r i v a t i v e s ,  the a u t h o r s  of [11] ind ica te  the p o s s i b i l i t y  of  an  i n t r a m o l e c u l a r  c h a r g e  t r a n s f e r .  
As was  noted above ,  the A band of o -benzoqu inone  d e r i v a t i v e s  canno t  be a s s i g n e d  to an  n - -  w* t r a n s i t i o n ,  s ince  
i t  u n d e r g o e s  a h y p s o c h r o m i c  sh i f t  on t r a n s i t i o n  to n o n p o l a r  s o l v e n t s .  We have a l s o  e l i m i n a t e d  c o r r e s p o n d e n c e  
of the l o n g - w a v e l e n g t h  to a c h a r g e , t r a n s f e r  c o m p l e x ,  s i n c e  n e i t h e r  s u b l i m a t i o n ,  hea t ing  a s o l u t i o n  in s o l v e n t s  
wi th  d i f f e r e n t  d i e l e c t r i c  p e r m i t t i v i t e s  (5-80) to high t e m p e r a t u r e s ,  n o r  pH change  in the r ange  1-13 l e a d s  to a 
d i s a p p e a r a n c e  of th is  band .  
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Fig .  1. E l e c t r o n i c  abso rp t i on  s p e c -  
t r a  of o -benzoqu inone  d e r i v a t i v e s  in 
wa t e r :  1) r educed  fo rm;  2) oxidized 
at pH 7.0; 3) oxidized a t  pH 10.0. I -V  
c o r r e s p o n d  to the n u m b e r s  of the c o m -  
pounds in Table  1. 
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Fig .  2. Con tour s  of s epa ra t ed  abso rp t i on  bands of 
compounds  I (a) and IV (b). E x p e r i m e n t a l  cu rve  (1) 
and s e p a r a t e d  c o n t o u r s  of the A i (2) and A 2 bands  
(3). 

To prove  that  the A band has the c h a r a c t e r  of a ~ ~ ~* t r ans i t ion ,  we p e r f o r m e d  a ca lcu la t ion  of the 
o s c i l l a t o r  f o r c e s  of this  band us ing the K r a v e t s  in tegra l ,  with a l lowance f o r  a c o r r e c t i o n  f o r  the e f fec t  of the 
in terna l  field of a di lute solut ion and the chaot ic  d i s t r ibu t ion  of the a b s o r b i n g  dipoles  [12]: 

f _  1,17"10-7n j '  
(n 2 ~_ 2) 2 ~v dr, 

whe re  n is the r e f r a c t i v e  index of the so lvent  and )r is the dec ima l  m o l a r  abso rp t i on  coeff ic ient .  

The out l ines  of  the long-wave leng th  abso rp t ion  bands of the quinones  w e r e  s e p a r a t e d  out by the p r o c e d u r e  
d e s c r i b e d  below. Values  of the o s c i l l a t o r  f o r c e s  f o r  the A 1 band a r e  g iven  in Table  1.  On the bas is  of the i r  
va lue s  it is poss ib le  to s tate  that  the long-wave leng th  band has the c h a r a c t e r  of a r e so lved  ~r ~ v* t rans i t ion .  
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Fig. 3. Absorption spectra  of com-  
pounds III (a) and IV (b) in s t re tched 
PVA film: 1) DII ; 2) Dj.; 3) d. 

Attention is drawn to the fact that when a more e lectron-donat ing substituent than -OCH~ is introduced 
into the 5-position, the B band undergoes a bathochromic shift and an increase  in molecular  extinction (see 
Table 1). To all appearances ,  this band pertains to the quinoid chromophore  

l 
O - - / x x ' /  

I 

It is known that additional introduction of e lec t ron-donor  substituents into conjugated sys tems (benzene, 
for  example) leads to a bathochromic shift of the i r  long-wavelength absorption band due to an increase in the 
proport ion of charge t r ans fe r  in the excited electronic  state [13]. By this same mechanism one can explain the 
bathochromic shift and increase in intensity of this band when the - O C H  3 group is replaced by an amino sub- 
stituent, and the long-wavelength band of the o-benzoquinone der ivat ives  may be considered as an internal 
c h a r g e - t r a n s f e r  (ICT) band. 

Assuming tha t  the A pertains to an ICT band, in the spec t ra  of compounds II-V we should expect the ap- 
pearance of two maxima:  t rans fe r  along the system ~ O= \ / / - N -  (band A 0 and along the sys tem B O = / % - O C H  3 

I 

(band A2). Transfer  along the indicated ~ and fl sys tems is possible,  since in the molecules o faminoder iva t ives  
of o-benzoquinone there are two e lec t ron-donor  g roups , -OCH~ and - N I - t -  [or-N(CH3) 2 for compound V] and 
the carbonyl  groups of the quinoid ring, which show up as e l ec t ron-accep to r s  v~ith respect  to them. 

While the A band in the spect ra  of compounds II, III, and V displays only a strong asymmet ry ,  in the spec-  
t rum of IV, in the shor t  wavelength a rm an inflection is observed (Fig. 1, curve 2) which, to all appearances ,  
is caused by the presence of an A 2 band. In compound I, where an amino substituent is absent,  a symmet r i ca l  
band appears in the 430-am region, which, in its extinction, is three t imes sma l l e r  than the A band in the spec-  
t rum of IV and six t imes smal le r  than the analogous band in the spectra  of compounds II, HI, and V. The ob- 
served difference in mola r  extinctions masks  the A 2 band on a background of the A 1 and B bands in the spect ra  
of II-V. The small difference in band intensities in compound IV makes it possible to separate  these bands 
posi t ively .  If one assumes  that the true outline of the absorption band has a symmet r i ca l  form (a Gaussian 
one, for example) and bears  in mind that its long-wavelength arm is not dis tor ted,  then by the successive ap- 
proximation method one can cons t ruc t  the individual A 1 and A 2 bands for  compound IV (Fig. 2) and also for 
compounds II, HI, and V. The presence of the A 2 band in the spect ra  of II-V is also confirmed by a study of the 
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absorp t ion  of o-benzoquinones in alkaline medium (Fig. 1). At pH 10 the ~ band undergoes  a hypsoch romic  
shift ,  and a c l e a r l y  defined shoulder  is  detected on the shor t -wave length  a r m  of band A. 

Po la r i za t ion  m e a s u r e m e n t s  of the absorp t ion  spec t r a  of o-benzoquinones or iented in PVA f i lms  may  
se rve  as a conf i rmat ion  of the fact  that the e lec t ron ic  t rans i t ions  co r respond ing  to absorp t ion  bands A 1 and A 2 
a r e  ac tual ly  effected along the conjugation sYstems a and B. F r o m  geomet r i c  cons ide ra t ions ,  the or ienta t ion 
axis  should be cons idered  as app rox ima te ly  coincident  with the long m o l e c u l a r  axis pass ing through the sub- 
s t i tuent  in posit ion 5 and the cen t e r  of the benzene ring. In this case  the dipole momen t s  of the t rans i t ions  
should lie pa ra l l e l  to the d i rec t ion  singled out and one may  expect  a posi t ive value of the d i c h r o i s m  in the 390- 
520-rim region.  Actually,  two m a x i m a  on the d i ch ro i sm Curve a re  observed  in this region (Fig. 3). Since both 
e lec t ron ic  t rans i t ions  are  i~dentically polar ized ,  have c lose ly  s i m i l a r  numer i ca l  d i ch ro i sm va lues ,  and behave 
as ~ --  ~* t r ans i t ions ,  it may  be stated that the charge  t r a n s f e r  in the exci ta t ion p r o c e s s  is effected via the con-  
jugation s y s t e m s  ~ and ~. 

The posit ive value of the d i ch ro i sm in the B band pe rmi t s  one to state that the e lec t ronic  t rans i t ion of the 
qu ino idchromophore  is effected along the d i rec t ion  indicated. 

Thus,  in addition to the absorp t ion  of the quinoid ch romophore  in the v is ib le  region of the spec t r a ,  amino-  
subst i tuted o-benzoquinone de r iva t i ve s  d isplay  two absorp t ion  bands which b e a r  a c h a r g e - t r a n s f e r  c h a r a c t e r .  
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