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React ion of 7 -ace toxy-  or  7-e thoxy-3-phenoxazinone  with amines  gave 2-  and 7-amino  de-  
r i va t ives  of 3-phenoxazinone.  

Amino de r iva t ives  of phenoxazines have d ive r se  kinds of physiological  act iv i ty  [2, 3]. Because  of the 
absence  of a p rac t i cab le  method of p repa ra t ion  in this direct ion,  amino der iva t ives  of 3-phenoxazinone have 
not been  studied. 

It has been  shown that  7 -hydroxy-3-phenoxaz inone  {resorufin) (D undergoes a smooth  nucleophilic 
subst i tut ion reac t ion  with thiophenols to give 2 ,8 -d i (a ry l th io )der iva t ives  [4]. A s i m i l a r  reac t ion  of I with 
amines  might  have been expected.  However,  by v i r tue  of its apprec iab le  acidi ty  {PKa 6.85}, r e so ru f in  r e -  
ac t s  with amines  to give only sa l t s ,  which a r e  r ead i ly  decomposed  during rec rys ta l l i za t ion .  In the case  of 
a s t r onge r  a c i d -  2 ,4 ,6 ,8 - t e t r ab romoreso r ' u f in  (IV) [5] (pK a 2.16} - sa l t s  can be isolated in pure  form.  
Thus,  IV r e a c t s  with morphol ine  to give b r i g h t - g r e e n  sal t  V, the e lec t ron ic  s p e c t r u m  of an alcohol solut ion 
of which contains the m a x i m u m  of the anion of 2 , 4 , 6 , 8 - t e t r a b r o m o r e s o r u f i n  (Xma x 608 nm). 

Amino de r iva t ives  of r e s o r u f i n  we re  obtained f r o m  7 -ace toxy-  (II) [5] and 7-e thoxy-3-phenoxazinone  
(HI} [6] with subsequent  r e m o v a l  of the p ro tec t ive  group.  

Compound II r e a c t s  r ead i ly  with a r o m a t i c  amines  (pK a 1-5) on refluxing in alcohol solution in the 
p r e s e n c e  of the amine  hydrochlor ides  to give 2 -monosubs t i tu ted  de r iva t ives  IVa-e .  En t ry  of the amines  
into the 2 -pos i t ion  was p rev ious ly  conf i rmed  in the case  of the reac t ion  [1] of 3-phenoxazinone with 
ammonia .  
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The resul t ing  2 -amino-3 -phenoxaz inone  was a lso  obtained by an independent method f r o m  0-aminophenol  
[7]. Saponification of the ace toxy group in VIa -e  with sodium ethoxide gives  2 - a r y l a m i n o r e s o r u f i n s  VIIa-e ,  
which a r e  d a r k - g r a y  c rys t a l l i ne  subs tances  that  d i sso lve  in alkal i  to give viole t  solut ions.  The pK a values  
of u  a r e  higher than the pK a value of r e so ru f in  (Table 1), i .e.,  the introduction of a ry l amino  groups  
into the 2 -pos i t ion  of the r e s o r u f i n  molecule  hinders  a c i d - b a s e  ionization of the hydroxyl  group. 

T ransacy la t i on  leading to r e s o r u f i n  and the cor responding  ace ty lamine  occu r s  in the reac t ion  of II 
with s t ronge r  amines  (pK a 8-11). Thus,  pure  r e so ru f in  was isolated in the reac t ion  of II with morphol ine .  

Like 3-phenoxazinone,  IT[ r e a c t s  with a roma t i c  amines  to give 2 - subs t i tu ted  der iva t ives  (for example ,  
Viii). The reac t ion  of III with morphol ine  and piper idine  p roceeds  pecu l ia r ly .  In the case  o fmorpho l ine ,  a 
mix tu re  of two products  (IX-X), which di f fer  in co lor  and R f  values  (Table 1}, is fo rmed.  In addition to en-  
t r y  of morphol ine  into the quinoid r ing (IX), the ethoxy group  undergoes  nucleophilic subst i tut ion by mo rp h o -  
line to give X (the e lec t rophi l i c i ty  of the 7-posi t ion of the phenoxazinone molecule  was p rev ious ly  conf i rmed  
by ca lcula t ions  by the Htiekel MO method [8]). The l a t t e r  r eac t ion  becomes  the dominant one in the reac t ion  
of III  with a s t ronge r  amine  - p iper idine .  7 -P iper id ino-3-phenoxaz inone  (XI) is the p r i m a r y  product  in this  
c a se .  The i s o m e r  with an amino group  in the 2 -pos i t ion  could not be isolated,  al though its p r e sence  in v e r y  
sma l l  amounts  can be a s s u m e d  f r o m  th in - l aye r  ch roma tog raphy  (TLC) of the r eac t ion  mix ture .  

In con t ra s t  to the ace toxy  group,  the ethoxy group is saponified in acidic media .  Thus,  2 - m o r p h o l i n o -  
r e s o r u f i n  (XII) was  obtained by heating IX in 75% H~SO 4. 

EXPERIMENTAL 

The electronic spectra of alcohol solutions of the compounds were recorded with an SF-10 speetro- 
photometer. The ionization constants were measured spectrophotometrically with an SF-4 spectrophotome- 
ter by the method in [9]. 

2,4,6,8-Tetrabromoresorufin Morpholine Salt (V). A 1.5-ml sample of morpholine was added to 0.5 g 
(1 mmole) of 2,4,6,8-tetrabromoresorufin in 15 ml of alcohol, and the mixture was heated on a water bath 
for 3 h. The resulting green precipitate was removed by filtration, washed with alcohol, and crystallized 
from dimethylformamide (DMFA} to give 0,4 g (75%) of V. Found, %: C 3].8; H 2.1; N 4.7. CIoHI2N204Br 4. 
Calculated, %: C 31.3; H 1.8; N 4.6. 

Compounds VIa-e. A l-ml sample of the amine was added to 3.9 mmole and II and 0.77 mmole of 
the amine hydrochloride in 25 ml of alcohol, and the mixture was refluxed for 30 rain. It was then cooled, 
and the c r y s t a l s  that  p rec ip i ta ted  f r o m  the brown solution w e r e  r e m o v e d  by f i l t ra t ion  and washed with a l -  
cohol to give 0.6 g of product  (Table 1). 

Compounds VIIa -e .  A 1 . 4 - m m o l e  sample  of VI was added to a solution of sodium ethoxide (0.3 g of 
sodium in 30 ml of alcohol), and the mixture was refluxed on a water bath for 15 rain. The precipitated 
sodium sa l t  of VII was  r em oved  by f i l t ra t ion  and t r e a t e d  with dilute hydrochlor ic  acid.  The prec ip i ta te  
was  again  r e m o v e d  by f i l t ra t ion  and washed with w a t e r  and alcohol  to give 0.4 g of product  (Table 1). 

2 -Pheny lamino-7 -e thoxy-3 -phenoxaz inone  (Viii). Aniline (2 ml) was added to 0.35 g (1.5 mmole)  of 
III in 10 ml  of alcohol,  and the m i x t u r e  was ref luxed fo r  10 h. The prec ip i ta te  that  f o rmed  on cooling was 
r emoved  by f i l t ra t ion  and washed  with alcohol  and e ther  to give 0.2 g of product  {Table 1). 

2 -Morpho l ino-7 -e thoxy-3-phenoxaz inone  (IX) and 7-Morphol ino-3-phenoxazinone  (AT). Morpholine (4 
ml) and 0.2 g (1.6 mmole)  of morphol ine  hydrochlor ide  w e r e  added to 1 g (4 mmole)  of III in 25 ml  of a l co -  
hol, a f t e r  which the mix tu re  was ref luxed for  16 h. The mix tu re  was cooled, and the resul t ing  prec ip i ta te  
was r e m o v e d  by f i l t ra t ion,  washed  with alcohol ,  dried,  and ch romatographed  with b e n z e n e - e t h e r  (3 : 1) in 
a co lumn f i l led with a luminum oxide (activity III). The f i r s t  da rk-ye l low f r a c t i o n  was col lec ted  and evapo-  
r a t ed  to give  0.3 g of IX. The second viole t  f r ac t ion  was  col lec ted  and evapora ted  to give 0.3 g of X (Table 
1). Each  compound was subjected to c rys ta l l i za t ion .  

7 -P ipe r id ino-3-phenoxaz inone  (XI). P iper id ine  (1.5 ml) and 0.2 g (1.6 mmole)  of piper idine hydro-  
chlor ide  w e r e  added to 0.5 g (2 mmole)  of HI in 15 ml  of alcohol,  and the mix tu re  was ref luxed for  16 h. It 
was  then cooled, and the solvent  was  evapora ted .  The resu l t ing  p rec ip i t a te  was  r emoved  by f i l t ra t ion,  
washed  with alcohol ,  and dr ied.  It was  then ch roma tog raphed  with a column fil led with ac t iv i ty  III a l u mi -  
num oxide with elution by anhydrous  c h l o r o f o r m  to give a viole t  f rac t ion.  The solvent  was evaporated,  and 
the res idue  was c r y s t a l l i z e d  to give 0.15 g of product  (Table 1). 
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2-Morpholino-7-hydroxy-3-phenoxazinone (XII). A 0.5-g (1.6 mmole) sample of IX was dissolved in 
10 mi of 75% sulfuric acid, and the solution was heated carefully on a water bath for 15 min. :It  was then 
cooled, t reated with 20 ml of water, and neutralized to pH 3 with sodium carbonate. The resulting pre-  
cipitate was removed by fil tration and washed with water to give 0.1 g of product. 

1, 
2. 
3. 
4. 

5o 

6. 
7. 
8. 

9. 
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