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In the r ad ica l  brominat ion  of phenoxazin-3-one ,  its benzo der iva t ives ,  and a ry l th iophen-  
oxazinones,  the hydrogen a tom in the or tho position to the two oxygen a toms is r ep l aced .  
The r e s u l t s  obtained agree  sa t i s fac to r i ly  with those of quan tum-chemica l  ca lcula t ions .  

The informat ion  avai lable  at  the p r e s en t  t ime on the c h e m i s t r y  of the phenoxazinones is devoted 
main ly  to the s tudy of reac t ions  with nucleophil ic agents [1-3]. With the exception of one paper  [4], the re  
is no informat ion in the l i t e ra tu re  on rad ica l  and e lec t ron ic  r eac t ions  for  phenoxazinones,  although these  
reac t ions  offer  definite i n t e r e s t  f r o m  the point of view of obtaining new phenoxazinone de r iva t i ve s .  

Calculat ion of the f r e e - v a l e n c e  indices for phenoxazin-3-one  and its benzo and dibenzo der iva t ives  
shows the basic  poss ib i l i ty  of the occur rence  of rad ica l  substi tut ion reac t ions  at the quinoid ring in the 
or tho posit ion with r e s p e c t  to the exocycl ic  oxygen a tom.  As an example ,  the values  of the f r e e - v a l e n c e  
indices a re  given for  phenoxanin-3-one .  

0,440 0,251 0,442 

0,422 0,333 0,559 0,206 

For  the benzo-  and dibenzophenoxazinones these values  a re  v e r y  c lose  to those given.  (The 1r-e lec-  
t ronic  cha rges ,  the bond o r d e r s ,  and the p a r a m e t e r s  taken in the calculat ion have been given p rev ious ly  
[5] .) 

To invest igate  the poss ib i l i ty  of the r ad i ca l  substi tut ion of phenoxazinones,  in the p re sen t  work  we 
p e r f o r m e d  the brominat ion  of phenoxazin-3-one (I), benzo [a]phenoxazin-9-one (II), benzo[c]phenoxazin-3-  
one (IID, 1-methylbenzo[c]phenoxazin-3-one  (W), benzo[a]phenoxazin-5-one (V), and dibenzo[a, j ]phen-  
oxaz in-5-one  (V1) with b romosucc in imide  in carbon t e t rach lo r ide  in the p re sence  of benzoyl  peroxide as 
in i t i a to r .  It  was found that  boiling the reac t ion  mixture  for  2-5 h fo rmed  the monobromo de r iva t ives  of 
the phenoxazinones (VII-XII,  Table 1). 

The poss ib i l i ty  of the r ad ica l  brominat ion  both of phenoxazin-3-one  without fused-on r ings  (I) and its 
benzo de r iva t ives  (H-VI) in which, in turn,  posi t ions 1 and 2, 6 and 7, and 8 and 9 of the phenoxazin-3-one  
molecule  a re  cove red  p e r m i t s  the conclusion that  the r ad ica l  a t tack of a b romine  a tom takes  place in the 
quinoid r ing,  in posit ion 4.~ 

* F o r  Communicat ion  V, see [1]. 
Number ing given for  phenoxaz in-3-one .  
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The posi t ion of en t ry  of the b romine  was conf i rmed  by the independent synthes is  of 6 - b r o m o b e n z o -  
[a]phenoxazin-5-one (XI) and 6-bromodibenzo  [a,j ]phenoxazin-5-one (XII) by the condensat ion of d i b r o m o -  
naphthoquinone with o-aminophenol  and with ~ - a m i n o - ~  -naphthol,  r e spec t ive ly .  This reac t ion  was p e r -  
f o rmed  in methanol  in the p r e s e n c e  of KOH. A s i m i l a r  p rocedure  has been used  [6] to obtain unsubs t i -  
tuted benzo [a]phenoxazin-5-one f r o m  o-aminophenol  and 2,3-dichloronaphthoquinone.  However ,  in con-  
t r a s t  to this [6], in the case  of 2 ,3-dibromonaphthoquinone no format ion  of benzo[a]phenoxazin-5-one (V) 
or d ibenzo[a , j ]phenoxazin-5-one (VI) was obse rved  and in both cases  only the r e spec t ive  monobromo 
der iva t ive  (XI) or  (XIl) was  i so la ted .  To conf i rm the published r e su l t s  [6], the condensat ion was repea ted  
for  dichloronaphthoquinone and o-aminophenol ,  but in this case  only 6-chlorobenzo[a]phenoxazin-5-one  
was isolated,  and not benzo[a]phenoxazin-5-one (V), as stal~d by Van-Allen and Reynolds [6]. 

In the p repa ra t ion  of 1 ,2 ,4 - t r i ch lo rophenoxaz in-3-one  [7] by the condensat ion of chlorani l  with o-  
aminophenol ,  again the re tent ion of the halogen a~oms in the ortho posi t ions  to the condensed benzene 
nucleus  was obse rved .  Thus,  the r e s u l t s  given in [6] a re  not reproduc ib le .  

Low mobi l i ty  of a halogen a tom is a lso  obse rved  in the reac t ion  of the bromophenoxazinones  obtained 
with th iophenols .  Here ,  again, r e p l a c e m e n t  of the b romine  does not take place but only the fo rmat ion  of 
aryl th io  b romo  de r iva t ives  of the phenoxazinones (XIV-XVIII, Table 1). As in the case  of the unbrominated  
phenoxazinones,  it p roved  to be poss ib le  to add two molecu les  of thiophenol  to 4 -b romophenoxaz in -3 -one  
(VII) and to 8 -bromobenzo[a]phenoxaz in-9-one  (VIII) and only one molecule  to 4 -b romobenzo  [c]phenoxazin- 
3-one (IX) and 4 - b r o m o - l - m e t h y l b e n z o  [c]phenoxaz in-3-one (X). 

The b romine  de r iva t ives  (X) and (XI) do not r e a c t  with nucleophiles  because  of the pass iva t ing  action 
of the benzene nucleus fused to the quinoid moie ty  [5]. The reac t ion  of thiophenols with b romophenoxaz in -  
ones,  like the reac t ion  with unsubst i tu ted phenoxazinones,  takes  place through a s tage of the product ion of 
a leuco fo rm pass ing  into the oxo fo rm on oxidation. 
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In the rad ica l  brominat ion  of aryl thio  de r iva t ives  of phen-  
oxazinones (XIX-XXII) under  conditions s i m i l a r  to those desc r ibed  
above, ary l th io  b romo der iva t ives  of phenoxazinones (XIV-XVllI) 
a re  fo rmed ,  these  being ident ical  with the cor responding  compounds 
obtained by  the reac t ion  of thiophenols with bromophenoxaz inones .  

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

The e lec t ron ic  s p e c t r a  of compounds (VII-XXII) in the visible 
region were  taken on an SF-10 spec t ropho tomete r  in ch lo ro fo rm 
at a concentra t ion of 5 �9 10 -4 M. 

The initial compounds were  obtained by  l i t e ra tu re  methods,  
as indicated: phenoxazin-3-one (I) [8]; benzo[a]phenoxazin-9-one 
(II) [2]; benzo[c]phenoxazin-3-one (III) [9]; 1 -methylbenzo[c] -  
phenoxazin-3-one (IV) [1]; benzo[a]phenoxazin-5-one (V) [10]; 
dibenzo [a,j ]phenoxazin-5-one (VI) [ l l ] ,  and 5-p- to ly l th iobenzo [a]- 
phenoxazin-9-one  (XIX), 5 ,10-di(p- tolyl thio)benzo[a]phenoxazin-9-  
one (XX), 2-p- to ly l th lobenzo[c]phenoxazin-3-one  (XXI), and 1- 
me thy l -2 -p - to ly l th lobenzo  [c]phenoxazin-3-one (XXII) [1]. 

4 -Bromophenoxaz in -3 -one  (VII). To 1 g (5 mmoles )  of phen-  
oxaz in-3-one  in 25 ml  of carbon t e t rach lo r ide  was added 2 g (11 
mmoles )  o fb romosucc in imide ,  followed by a solution of 0.2 g of 
benzoyl  peroxide in 3 ml  of ch lo ro fo rm,  and the mix ture  was heated 
on the boiling wa te r  bath for  1 h 30 rain, a f te r  which it was cooled, 
and the prec ip i ta te  that had deposi ted was f i l te red  off. The p r e -  
cipi tate was covered  with hot wa te r ,  t r i tu ra ted ,  and f i l te red  off. 
This operat ion was repea ted  twice, and the reac t ion  product  was 
dr ied,  d issolved in ch lo roform,  and ch romatographed  on a column 
of A1203 ( e luen t - anhydrous  ch lo ro fo rm) .  The second, orange,  f r a c -  
tion was col lec ted  and evapora ted ,  giving, a f te r  r ec rys t a l l i z a t i on  
of the res idue ,  0.4 g of (VII). 

8-Bromobenzo[a]phenoxazin-9-one (VIII), 4 -b romobenzo[c ] -  
phenoxazin-3-one  (IX), 4 - b r o m o -  1 -methy lbenzo  [c]phenoxazin-3-  
one (X), 6 -bromobenzo[a]phenoxazin-5-one  (IX), and 6 - b r o m o d i -  
benzo[a , j ]phenoxazin-5-one (XII) were  obtained and isola ted  s i m i -  
l a r ly .  

6 -Bromobenzo[a]phenoxaz in-5-one  (XI). To a solution of 1.2 
g of KOH in 15 ml  of absolute methanol  were  added 1 2 g (0.10 
mole) of o-aminophenol  and 3.2 g (0.12 mole) of d ibromonaphtho-  
quinone, and the mix tu re  was boiled on the wa te r  ba th  for  3 h. 
After  cooling, the p rec ip i ta te  that  had deposi ted was f i l t e red  off, 
dr ied,  and ch romatographed  on a column of A1203 ( e l u e n t - a n -  
hydrous  ch lo ro form) .  The f i rs t ,  b r igh t  yellow f rac t ion  was 
col lec ted  and evapora ted ,  and r ec rys t a l l i z a t i on  of the res idue  gave 
0.8-1 g of (XI) ident ical  in its mel t ing  point, R f  value,  and e l e c -  
t ronic  s p e c t r u m  in the vis ible  region with the product  obtained by 
the d i rec t  b romina t ion  of benzo[a]phenoxazin-5-one .  

6-Bromodibenzo [a,j ]phenoxazin-5-one (XII) was obtained 
s i m i l a r l y  f rom dibromonaphthoquinone and a - a m i n o - f i - n a p h t h o l .  

6-Chlorobenzo[a]phenoxazin-5-one  (XIII) was obtained in a 
s i m i l a r  manner  to (XI), except  that  dichloronaphthoquinone was 
used in place of dibromonaphthoquinone,  mp 194-195~ ( f rom ben-  
zene) [11]. Found,%: C 68.5; H 2.3; C1 12.9. C16HsC1NO 2. Ca l -  
culated,  %: C 68.6; H 2.8; C1 12.7. 
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4-Bromo-2 ,7-d i (p- to ly l th io)phenoxazin-3-one  (XIV). Onto 0.3 g (1.5 mmole) of 4-bromophenoxaz in-  
3-one (VII) was poured  10 ml of ethanol,  and then 0.3 g (2.5 mmoles)  of p - th ioc reso l  and one drop of hyd ro -  
ch lor ic  acid were  added and the mix ture  was s t i r r e d  until  the initial bromophenoxazinone had dissolved 
comple te ly .  Oxidation was c a r r i e d  out by the addition of 5 ml  of a 10% ethanolic solution of f e r r i c  ch lor ide .  
The precipi ta te  that deposi ted was f i l te red  off, washed with ethanol, dr ied,  and chromatographed  on a 
column of alumina ( e l u e n t -  anhydrous ch loroform) .  The f i rs t ,  red-brown fract ion was col lec ted  and 
evapora ted  to give 0.1-0.15 g of (XIV), 

8-Bromo-5-(p- to ly l th io)benzo[a]phenoxazin-9-one (XV). A. To 0.5 g (1.5 mmoles)  of 8 -b romo-  
benzo[a]phenoxazin-9-one (VIII) in 25 ml of ethanol was added 0.2 g (1.8 mmole) of p - th ioc reso l  and two 
drops of hydrochlor ic  acid, and the mixture  was kept at room tempera tu re  for  two days with occasional  
s t i r r ing .  The light-yellow solution of the leuco compound was oxidized with 10 ml of a 10~ ethanolic solu-  
tion of f e r r i c  ch lor ide ,  and the prec ip i ta te  that deposited was f i l tered off, washed with ethanol,  dried,  d is -  
solved in ch lo roform,  and chromategraphed  on a column of A1203 (e luen t -anhydrous  ch loroform) .  The 
second, violet  f rac t ion was also col lec ted  and evaporated,  and af ter  c rys ta l l iza t ion  of the res idue 0.25 g 
of (XV) was obtained. 

B._~. A suspension of 0.5 g of 5-(p-tolyl thio)benzo[a]phenoxazin-9-one (XIX) in 15 ml of carbon t e t r a -  
chloride was t r ea t ed  with 0.4 g of bromosucc in imide  and 0.1 g of benzoyl peroxide in 3 ml of ch lo ro fo rm.  
The mixture  was boiled on the wate r  bath for  4 h, another  0.2 g of bromosuccin imide  and 0.1 g of benzoyl  
peroxide were  added, and the mixture  was boiled again for  4 h. Then it  was cooled, and the precipi ta te  was 
f i l te red  off, washed with hot water ,  dr ied,  dissolved in ch loroform,  and chromatographed on a column of 
A1203. The violet  f rac t ion was col lec ted  and evapora ted  to give 0.1 g of (XV), identical,  according to its 
melt ing point and R f  value, with the compound obtained by the addition of p - th ioc reso l  to (VIII). 

8-Bromo-5,10-di(p- to lyl th io)benzo[a]phenoxazin-9-one (XVI). A. A mixture  of 0.6 g (1.8 mmole) of 
8-bromobenzo[a]phenoxazin-9-one (VIII), 0.5 g of p - th ioc reso l  (5 mmoles) ,  and five drops of hydrochlor ic  
acid in 25 ml of ethanol was boiled on the water  bath for  6 h, and then another  0.2 g of p - th ioc reso l  was 
added and boiling was continued for 2 h.  To complete the oxidation, 5 ml  of a 10~c ethanolic solution of f e r -  
r ic  chloride was added, and then the precipi ta te  that had deposited was f i l te red  off, washed with ethanol, 
and dr ied .  The d ry  res idue was chromatographed  on a column of A1203 (e luen t -anhydrous  ch loroform) .  
The f i r s t ,  violet  f rac t ion was col lected and evapora ted  to give 0.25-0.30 g of (XVI). 

B__~. A suspension of 1 g of 5,10-di(p-tolyl thio)benzo[a]phenoxazin-9-one in 25 ml of carbon t e t r a -  
chlor ide was t r ea t ed  with 1 g of bromosucc in imide  and 0 2  g of benzoyl peroxide in 25 ml of ch loroform,  
and the mixture  was boiled for 10 h. Then another  0.5 g of bromosuccin imide  and 0.1 g of benzoyl peroxide 
in 3 ml  of ch lo roform were  added and the mixture  was boiled again for 8 h. After  cooling, the precipi ta te  
was f i l t e red  off, washed with hot water  until  the f i l t ra te  was co lor less ,  and dr ied.  After  recrys ta l l i za t ion ,  
0A g of (XVI) was obtained; it  was ident ical  with r e spec t  to melting point and R f  value with the compound 
obtained by the addition of p - th ioe reso l  to (VIII). 

4 -Bromo-2 ,7-d i (p- to ly l th io)phenoxazin-3-one  (XIV), 4-bromo-2-(p- to ly l th io)benzo [e Jphenoxazin-3- 
one (XVII), and 4-bromo- l -methy l -2- (p- to ly l th io )benzo[c]phenoxaz in-3-one  (XVIII) were  obtained s imi la r ly .  
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