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The v -e lec t ron  charges ,  bond o rders ,  and energy levels of phenoxazin-3-one and eight of 
its mono-  and diannelated derivat ives  were calculated by the H'tickel MO LCAO method. 
The effect of the position of the annelated benzene ring on the electronic charac te r i s t i c s  of 
the compounds was est imated.  A sa t i s fac tory  correla t ion between the experimental  and 
calculated energies  of the 7r 1 ~ vl* t ransi t ions was found. 

Phenoxazine derivat ives  are  of interest  as potential physiologically active compounds [1] and they 
also have interesting proper t ies  in a theoret ical  respect :  they f luoresce in visible and UV light [2], they 
display halochroism [3], and they have different colors  in t ransmit ted  and reflected light. Phenoxazine 
dyes have special e lect r ical  and magnetic proper t ies .  Many derivat ives  of this ser ies  have pronounced 
metachromat ic  activity [4] and may be of interest  for elucidating the fine problems of the interaction of a 
dissolved substance with the medium. The react ivi ty of phenoxazine depends substantially on the number 
and position of the benzene r ings annelated to the phenoxazine skeleton [5, 6]. In this connection it is of in- 
te res t  to elucidate the effect of annelation on the electron s t ructure ,  physicochemical  proper t ies ,  and r e -  
activit ies of phenoxazines.  

In this communicat ion the effect of annelation on the electronic s t ructure  of all possible mono-  and di-  
annelated der ivat ives  of phenoxazin-3-one is studied by the Hfickel MO LCAO method. (See scheme on 
next page.) 

The problem of the effect of annelation on the proper t ies  of a romat ic  and he te roaromat ic  compounds 
containing closed v -e lec t ron  sys tems  which do not lie outside the condensed nuclei has been studied by 

TABLE 1. 
ones I-IX 

Comp. 

I 
II 
Ill 
Iv 
v 
VI 

vii 
VIII 

IX 

Energy Indexes and Absorption Spectra of Phenoxazin- 

E ~ 

16c~ + 26,34013 
20cc + 32,24&[~ 
20~ + 324072 [3 
20~+ 32,05O[3 
20,cr 32,016[~ 
24a+ 37,97213 
24~+ 37,960[~ 
24a + 37,926~ 
2~cr 37,86~ 

E W* 
upper 
ibonding 

0,515 
0,488 
0,438 
0~431 
0,5,39 
0,409 
0,405 
(~512 
0,400 

E ~ *  
lower 
n~bond. 

0,183 
0,2~1 
0,191 
02~3 
0,154 
0,262 
0,279 
0,227 
0,212 

O,698 
0,,739 
0,~o9 
0,634 
0,693 
,0,~7~ 
0,6~4 
0,739 
0,6'21 

;~max, nm 

calc. expt. 

451 442 
427 430 
501 486 
497 
455 
470 4~ 
402 479 
427 
5O7 

4,108 
4,164 
4 269 

4~8 
4,218 

7/" 71" - - *  'F 1 
*Eupper bonding, Elower antibonding, and E vl 

given in units of ~. 
values are  

t 
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t ~ t ~  

--0,044 +0,192 --0.1~0 

I I  

0,009 

- - 0 , 0 0 5 , ~  --0,002 

t o.:,. - /  ' ' ~0  ~ ~ ~0,049 +0.03~ 

~%~'~.~'~ ~ ' ~ o ~  "~'~" -"~"--'~",-oo~,~ 

v ~ 0  ~ - v " ~ / ~ 0  --0.424 
0.032 + 0,206 --0,204 

I l l  

+0,003 -- 0,048 +0,036 

~ - o , o l 4  ~ o'~.,. +o.o~ 
_o.o~,~..~ ~,~-'-.:~* ~.~,~, ,~ ~ ~ 

-4- 0,013 ~ ~  -I-0,02 I 

-"0,007 IV 

'~0,007 + 0,026 --0,048 + 0,042 

--0,012 --0,060 + O, ! 09 --0,175 
V 

Platt  [7], Brown [8], and Pul lman [9]. In the examined ser ies  of phenoxazinones the v -e l ec t ron  sys tem is 
branched due to the 7r e lect rons  of the exo carbonyl group and is re la t ively  r igidly attached to the p-quiaon-  
imine port ion of the molecule.  

It is apparent  f rom a compar ison of the total v -e lec t ron  energies  of the molecules  (Table 1) that the 
monoannelated der ivat ives  are  a r ranged  in the following order  with respec t  to stability: l'I > I I I  > IV > V, 
i.e., all the angular i somers  are  more  stable than l inear  i somer  V. Among the angular i somers  the maxi -  
mum stabili ty is inherent in compound 1I in which the quinonimine portion of the phenoxazin-3-one molecule 
(II is annelated. This agrees  with the sharp decrease  in the o rde r  of bond A in compound TI as compared 
with o rde r  of bond A in unsubstituted I. Annelation at the benzoid moiety of the phenoxazinone molecule to 
form compounds III-V has vi r tual ly  no affect on the o rde r  of this bond, which indicates the considerably 
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Molecular diagrams of phenoxazinones. 

s t r o n g e r  d e l o c a l i z a t i o n  of the  e l e c t r o n s  of bond A d u r i n g  a nne l a t i on  of  the  qu inon imine  m o i e t y  of p h e n o x a z i n -  
one. 

' { 

A s i m i l a r  p h e n o m e n o n  i s  a l s o  e h a r a c t e r i s t i e  fo r  the  d i a n n e l a t e d  d e r i v a t i v e s  of p h e n o x a z i n - 3 - o n e :  
c o m p o u n d s  VI and VII a r e  m o r e  s t a b l e  than  eompoundVI I I ,  in which  t h e r e  i s  a l i n e a r i z e d  r i n g  (1) in a d d i -  
t i on  t o a n g u l a t e d r i n g ( 2 ) .  Compound  VIII i s  in t u r n  m o r e  s t a b l e  than  IX, in wh ich  both r i n g s  a r e  a n n e l a t e d  
to  the  benzo id  p o r t i o n  of the  m o l e c u l e ;  i . e . ,  the  d i a n n e l a t e d  d e r i v a t i v e s  a r e  a r r a n g e d  in the  o r d e r  VI > VII > 
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TABLE 2. Interact ion Energies  and Total Charge of the Butadiene 

Fragment  of Phenoxazinones I I - IX 

Total charge of butadiene portion 
Eint with respect to I-V* (function of benzene ring) 

Comp ' ring condensed ring condensed 
i II iii iv v ~rith the benz- with the quinon- 

did portion imine portion 

+ 0,073 II 
III 
IV 
V 

VI 
VII 

VIII 
IX 

1 ,.436 
1,260 
1248 
1,204 
2,688 1,26,2 
2,676 1,240 
2,642 1,206 
2,568 

1,4,28 

1,318 

1.428 

1,330 
1,44( 

+0,014, 
+0,023 
--O,OO7 
+0,004 
+0,013 
--0,D14 
--0,003 
+0,035 

+0,066 
+0,068 
+ 0,077 

v *The Ein t values are  given in units of ft. 

VIII > IX with respec t  to inc reas ingE v The o rde r s  of the A bonds in these diannelated derivat ives  also 
cor re la te  with this - they decrease  abruptly only in those compounds where there is a ring (2) annelated 
with respect  to the quinonimine port ion of the molecule.  

v The magnitude of the interaction energy (Ein t) [10], which is the difference between the v -e lec t ron  
energies  of the benzo- or  dibenzophenoxazinone and the phenoxazinone or  benzophenoxazinone, respect ively ,  
was used to est imate  the effect of each newly introduced benzene ring. In addition, the v -e l ec t ron  energy 
of one or  two butadiene f ragments  (4~ + 4.472fl) was subtracted f rom this difference since the v -e l ec t ron  
sys tem is enlarged by a butadiene f ragment  on introduction of each new benzene ring.  

E .  = E '  - - E  - - n E  lnt q0enzo- ohenoxazinone butadinne 
(dibenzo-) "(bermo-) 

Of the monoannelated phenoxazinone derivat ives  the grea tes t  E~n t value (Table 2) is cha rac te r i s t i c  for  com-  
pound II, in which the benzene r ing is condensed with the quinonimine portion of the molecule.  The phenox- 
azinones are  a r ranged in the above o rde r s  with respect  to EAt .  

The effect exerted by a second introduced benzene ring on the a l ready once-annelated phenoxazin-3-  
one derivat ive can also be est imated f rom Ein t . v  For  example, VI can be considered to be the resul t  of an-  
nelation with the benzene r ing of both compound II and compound HI. It is apparent f rom compar ison of 
Ei~ t of the second benzene ring with the monoangulated phenoxazinone molecule (1.252fl for II and 1.428fl 
for  Ill) that the second ring has a considerably smal le r  effect if the f i rs t  is a l ready situated in the quinon- 
imine moiety  of the molecule,  while introduction of a new ring in p rec i se ly  this moiety of the molecule in- 
c r ea s e s  E~rnt significantly. The same picture is charac te r i s t i c  for all the remaining diannelated compounds. 

v It thus follows f rom an examination of E v and Ein t that in the se r ies  of annelated phenoxazinones, just as in 
the case of benzoid sys tems  of the anthracene and phenanthrene type [11], angulation has a g r ea t e r  effect on 
the increase  in the molecular  stabili ty than l inearizat ion.  However, in contrast  to the la t ter ,  the effect of 
angulation in the case of phenoxazinones depends substantially on the position of the angulated benzene ring: 
the increase  in the stability and E~rnt turns  out to be g rea t e r  for  angulation of the quinonimine portion of the 
phenoxazinone molecules  than for  angulation of the benzoid port ion of the same molecule.  

The total v -e l ec t ron  charge on the butadiene fragment  of each new benzene ring was determined to 
establ ish the charac te r  of the e lectronic  effect of the benzene r ings  introduced (Table 2). Examination of 
these indexes indicated that in both the mono- and diannelated compounds, except for IX, all of the angulated 
benzene r ings  act as e lectron donors ,  while the l inearized ring in compounds V and VIII acts  as an electron 
acceptor .  Moreover ,  the ring angulated to the quinonimine portion of the molecule is a s t ronger  donor than 
that angulated to the benzoid port ion of the phenoxazinone molecule.  Since all the r ings angulated to the 
quinonimine port ion are  s t ronger  donors  than the l inear ized r ing is an acceptor ,  and since one of the benz- 
ene r ings  in the diannelated compounds is always angulated to the quinonimine portion, the overal l  effect of 
both r ings turns out to be electron-donating.  In connection with the competit ive action of two annelated benz-  
ene r ings  in compounds VI and VII, the donor effect of r ing 2 dec reases  somewhat in compar ison with mono-  
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annelated compound II. Benzene r ing 2 becomes  the s t ronges t  donor only in the l i nea r - angu l a r  compound 
VIII,  while r ing 1 b e c o m e s  the s t ronges t  accep tor .  The explanation of th is  fact  p robably  involves e lec t ron  
t r a n s f e r  according  to the type of coincident or ienta t ion of one donor (angulated) r ing 2 to the o ther  accep to r  
( l inearized) r ing 1. In compound IX, where both rings a r e  angulated to the benzoid por t ion of the molecule ,  
there  is a significant  inc rease  in the donor act ivi ty of one ring (upper), while the other  (lower) becomes  a 
weak acceptor .  

By acting as  an e lec t ron  donor or  aecep tor  with r e spec t  to the phenoxazin-3-one  molecule ,  the an-  
nelated benzene r ing has  a different  effect on the individual f r agmen t s  of the molecule  in redis t r ibut ing  the 
v - e l e c t r o n  densi ty  on them via  an inductive or  m e s o m e r i c  mechan i sm.  It is apparent  f r o m  the molecu la r  
d i ag rams  of the phenoxazinones (see schemes)  that benzene ring 2, which is a donor with r e spec t  to the en-  
t i r e  phenoxazin-3-one  molecule ,  behaves  as an accep tor  with r e spec t  to the carbonyl  group of compound II, 
while benzene r ing 1 in compounds EI and IV ac ts  as an accep to r  for  the e ther  oxygen a tom but, conve r se ly ,  
as a donor in compound V. The p r inc ip les  a re  s i m i l a r  in the case  of diannelated compounds,  but the final 
effect  is the sum of the effects  of two r ings .  

The capaci ty  of the molecule  for  t r a n s f e r  or  addition of e l ec t rons  was e s t ima ted  f r o m  the ene rg ie s  of 
the upper  bonding and lower  antibonding o rb i t a l s ,  r e spec t ive ly .  All of the compounds a re  sa t i s fac to ry  
e lec t ron  donors  and v e r y  s t rong accep to r s  in accordance  with the Szent-Gyorgyi  c lass i f ica t ion  [12] (Table 1). 
The compounds a r e  a r r anged  in the o r d e r  VII > VI = IX > IV > I I I  > II > VIII > I > V with r e s p e c t  to donor 
capaci ty ,  while the s e r i e s  for  the accep to r  s t rength is a lmos t  the opposite of this" V > I > III > IV > IX > 
VIII > II > VI > VII, i .e . ,  the weakes t  e lec t ron  donors  a re  the s t ronges t  e lec t ron  accep to r s .  It is  apparent  
f r o m  these  o r d e r s  that monoangulat ion d e c r e a s e s  the accep to r  p r o p e r t i e s  of the molecule ,  while mono-  
l inear iza t ion  i n c r e a s e s  them.  Double angulation m o r e  s t rongly h inders  addition of e lec t rons ,  while c o m -  
pound VIII, which has  both an angulated and a l inear ized  r ing,  has  ave rage  accep to r  s t rength.  Compound IX, 
which in a ce r ta in  sense  can be r e p r e s e n t e d  as a combination of the s t r u c t u r e s  of compounds III and IV, has  
the s t ronges t  accep tor  p r o p e r t i e s  a s  compared  with the o ther  dibenzo de r iva t ives ,  i .e . ,  in this case ,  in t ro -  
duction of benzene r ings  into compounds III and IV i n c r e a s e s  the accep to r  p r o p e r t i e s  of the molecu les .  

All of the phenoxazinones studied have unshared  e lec t ron  p a i r s  on the he t e roa toms .  However ,  the 
v e r y  high intensi ty of the long-wave absorpt ion bands of compounds I - I I I ,  VI, and VII (Table 1) does not en-  
able one to a sc r ibe  these  bands to n ~ ~r* t r ans i t ions .  Calculat ions of the t rans i t ion  energ ies  for  these  five 
compounds indicate that the long-wave bands or iginate  f r o m  v--* v* t rans i t ions .  The fisp value of 90.98 
k c a l / m o l e  used to calcula te  ~ m a x  of compounds I - IX was de te rmined  by solution of the inverse  spec t ra l  
p r o b l e m  for  compounds I - I I I ,  VI, and VII and by averaging  the values  obtained. The sa t i s f ac to ry  ag reemen t  
between the calcula ted and exper imen ta l  ~ m a x  va lues  for  compounds I - I I I ,  VI, and VII made it poss ib le  to 
use  the fisp value found to calcula ted ~ m a x  of compounds IV, V, VIII, and IX. F r o m  compar i son  of ~ m a x  it 
can be noted that angulation of the quinonimine por t ion of the phenoxazin-3-one molecule  (compound II) 
causes  a hypsochromic  shift of the v l ~  v 1 * t rans i t ion ,  while angulation of the benzoid por t ions  l e a d s  to a 
r a t h e r  pronounced (up to 50 nm) ba thochromic  shift of this t rans i t ion .  L inear iza t ion  of the benzoid por t ion 
(compound V) gives  only a v e r y  slight ba thochromic  shi f tof  the f i r s t  absorpt ion band. Thus,  the phenoxazin-  
ones,  owing to the p r e s e n c e  of a quinonimine sys t em,  differ  substant ia l ly  f r o m  the benzoid hydroca rbons ,  
where  an inc rease  in the num ber  of l inea r ly  condensed r ings  leads  to a mos t  pronounced ba thochromic  shift 
of the f i r s t  band. In addition, in the s e r i e s  of benzoid hydrocarbons  one obse rve s  a hypsochromic  shift on 
pass ing  f r o m  l inear  i s o m e r s  to angular  i s o m e r s  for  s y s t e m s  which have an equal number  of condensed r ings  
[11], while in the phenoxazinone s e r i e s  only angulation of the quinonimine por t ion of the molecule  leads  to a 
hypsochromic  shift,  while angulation of the benzoid por t ion gives  aba thoch romic  shift (compounds I I -V) .  In 
the case  of dibenzophenoxazinones the shift in the absorpt ion  m a x i m u m  depends on the overa l l  effect  of two 
benzene r ings ,  so that the ba thochromic  shift of the absorpt ion band of compounds VI and VII is l e s s  than in 
the case  of the cor responding  monoaunelated compounds III and IV. A hypsochromic  shift does  occur  in 
compound VIII since the effect  of benzene r ing 2 is much m o r e  pronounced than the effect of l inea r i zed  r ing 
1. The effect of both r ings  has the same direct ion only in compound IX and leads  to the most  pronounced 
ba thochromic  shif t  in the ent i re  s e r i e  s. 

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

The secu la r  de te rminan t s  were  solved with a "Ura l -2"  computer  in the compute r  cen te r  of the S. M. 
Kirov Ural  Polytechnical  Insti tute f r o m  the p r o g r a m  desc r ibed  in [13]. Pul lman p a r a m e t e r s  [14, 15] were  
used  in the calculat ions.  
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The absorption spec t ra  of benzene solutions in the visible region were  obtained with an SF-10 spec t ro -  
photometer  with concentrat ions of 10 -4 m o l e / l i t e r .  

Phenoxazin-3-one  (I) was obtained according to [16], benzo[a]phenoxazin-5-one (II) was obtained ac-  
cording to [17], benzo[a]phenoxazin-9-one (l'II) was obtained according to [18], and dibenzophenoxazinones 
VI and VII were  obtained according to [19]. 
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