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The r eac t ion  of benzo[a]phenoxaz in-9-one  and i ts  5 - su l f ides  with e thylen imine  has given l l - e t h y l e n e a m i n o  
d e r i v a t i v e s .  It has  been shown that  in con t r a s t  to the a r y l a m i n e s ,  which enter  posi t ion 5 of benzo[a]-  
phenoxaz in -9-one ,  e thy len imine  r e a c t s  a t  the quinoid nucleus of the phenoxazine sys t em.  Absorpt ion  
s p e c t r a  in the v i s ib le  region for  phenoxazinones subs t i t u t ed  in the quinoid nucleus have been r eco rded .  

Some t ime  ago,  F i s c h e r  [1] e s t ab l i shed  that benzo[a]phenoxaz in-9-one  adds a r y l a m i n e s  in posi t ion 5. We have 
r e c e n t l y  [2] shown that the addit ion of HS containing a r o m a t i c  compounds to benzo[a]phenoxazin-9-one  (I) a l so  takes  
p lace  with t r a n s f e r  of the r eac t ion  cen te r  and leads  to the fo rmat ion  of the 5 - a r y l - t h i o  de r iva t i ve s  VIII. 

The p r e s e n c e  of the p-quinoid nucleus A in I l eads  one to expect  that ,  in addit ion to nucleophil ic  addit ion r e a c t i o n s  
at  posi t ion 5, a nucleophi l ic  agent  wil l  a lso  enter  the quinoid nucleus ,  by analogy with the r eac t ions  of quinones [3]. 
Since the addit ion of e thylenimine  to p-benzoquinones  leads  to compounds with an app rec i ab l e  an t i tumora l  effect [4, 5], 
it  appea red  of i n t e r e s t  to check whether  the addit ion of e thylenimine  to the quinoid nucleus would a lso  take p lace  in I. 
This i n t e r e s t  was a lso  jus t i f ied  by the fact  that  the phenoxazine r ing  is  p r e s e n t  in an t i tumora l  an t ib io t ics ,  e . g . ,  
ac t inomycin  [6] and aurant in  [7]. 

In th is  work we found that  in benzene solut ion e thylenimine  r e a c t s  with I giving e thyleneaminobenzo[a]phenoxazin-  
9-one (II). Compound II smoothly  adds hydrogen ch lo r ide  and b r o m i d e ,  fo rming  the co r re spond ing  halogeno-  
e thy laminobenzo[a]phenoxaz in-9-ones  (III, IV), which conf i rms  the ent ry  Of an e thyleneimino group into the molecu le  of 
I. Compounds III and IV a r e  l e s s  r eac t i ve  with r e s p e c t  to HS-conta in ing a roma t i c  compounds than I. Only under  
condi t ions of ac id  ca t a ly s i s  does  compound III add thiophenol and i ts  p -me thy l  and p -n i t ro  de r iva t i ve s  with the 
fo rmat ion  of 5 -a ry l th io (ch loroe thy lamino)benzo[a ]  phenoxaz in -9 -ones  (V-VII). Since i t  has  been shown p rev ious ly  [2,8] 
that  under  the condi t ions d e s c r i b e d ,  th iopenols  en ter  posi t ion 5 of benzo[a]phenoxazin-9-one  (I), the reac t ion  of III with 
th iopenols  is  proof  of the addit ion of e thy len imine  to the quinoid nucleus of I. To conf i rm this we have s tudied the 
r eac t ion  of 5 -a ry l th iobenzo[a ]phenoxaz in -9 -ones  (VIII) [2] with e thylenimine  and have shown that VIII r e ac t s  with 
e thylen imine  in a manner  s i m i l a r  to I, fo rming  5 -a ry l th ioe thy lenaminobenzo[a ]phenoxaz in -9-ones  (IX-XI) .  The 
opening of the  e thylen imine  r ing  in compounds I X - X I  by gaseous  hydrogen ch lo r ide  leads  to 5- 
a ry l th io (ch loroe thy lamino)benzo[a ]phenoxaz in-9-ones  ident ica l  to compounds V-VI I  obtained by the addition of 
thiophenols  to III (the absorp t ion  s p e c t r a  of these  compounds in the v i s ib l e  region coincide comple te ly) .  

Since l l - m e t h y l b e n z o [ a ] p h e n o x a z i n - 9 - o n e  does  not r e a c t  with e thylenimine  (the in i t ia l  phenoxazinone was 
i so la ted  f rom the r eac t ion  mixture)  we may  a s s u m e  that the e thyleneamino group is l ikewise  p r e se n t  in posi t ion 11 of 
the phenoxazine sy s t em.  
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H C--CH 2\/ 2 

I II 

O/J - - ~ - - R  O~ 0 Ill,IV 

III X=CI; IV x=gr ;  V, IX R=H; V|,X R=CH3; VII,XIR=NO 2 

The facts repor ted  above unamibiguously show that in benzene solution e thyleneimine enters  the quinoid nucleus 
of benzo [a]phenoxazin- 9-ones .  

Compar ison of the absorption spec t ra  in the v i s ib le  region (table) shows that the introduction of an ethyleneamino 
group into both I and VIII (kmax for VIII when R = H is 508 rim; R = NO2, 492 rim; R = CHa, 512 rim; in dioxane [2]), 
leads to a hypsoehromic  shift of the absorpt ion maximum.  In cont ras t ,  the opening of the r ing leads to a ba thchromic  
shift of the absorpt ion maximum,  while a subst i tuent  (Br, C1) in the s ide chain has no apprec iable  effect  on the 
absorpt ion of these compounds in the v i s ib le  region.  The extent of so lva tochromism on passing f rom dioxane to 70% 
aqueous dioxane ( increase  in the polar i ty  of the solvent) for phenoxazinones having a substi tuent in the quinoid nucleus 
is cons iderab ly  less  than for the cor responding  benzo[a]phenoxazin-9-ones  unsubsti tuted in the quinoid nucleus:  for  
example ,  for  I I I A k m a x i S  4 n m a n d f o r  I i t i s  18 nm [2]; for V i t i s  8 n m ,  and for VIII, R = H ,  18 nm [2]. This shows 
the s m a l l e r  tendency of the f o r m e r  to give r i s e  to a b ipolar  ionic s t ruc tu re  [2]. In the light of this,  the lower  r eac t iv i ty  
at posit ion 5 of the benzo[a]phenoxazines substi tuted in the quinoid nucleus (see the mechan i sm proposed e a r l i e r  for 
addition reac t ions  to I [8]) becomes  unders tandable :  the addition of thiophenols takes place only under conditions of acid 
ca ta lys i s ,  and a ry lamines  do not reac t  with III even in the p re sence  of thei r  hydrochlor ides .  

The authors a re  ex t r eme ly  grateful  to Prof .  I. Ya. Pos tovski i ,  in whose depar tment  this work was pe r fo rmed ,  
for valuable advice and his attention to and in te res t  in the  invest igat ion.  

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

l l -E thy leneaminobenzo[a ]phenoxaz in -9 -one  (II). Ethylenimine,  10 ml,  was added to 5 g (0.02 mole) of I in 20 ml 
of anhydrous benzene and the mix ture  was kept at 50-60 ~ C for  1 hr ,  and then at room t e m p e r a t u r e  for 2 - 3  hr ,  af ter  
which it was cooled to 0 -5  ~ C. The prec ip i ta te  that had separa ted  out was f i l t e red  off and washed with a smal l  amount 
of benzene and e ther .  

Compounds IX-XI were obtained similarly; the time of the reaction for IX and XI was 2 hr at 60-65 ~ C, and for 

X 6 hr at 70-80 ~ C (table). 

l l - (2 -Chloroe thy lamino)benzo[a ]phenoxaz in -9-one  (III). A suspension of 0.005 mole  of II in 10 ml of absolute 
e ther  and 3 ml of methanol was sa tura ted  with anhydrous hydrogen chlor ide .  The react ion mix tu re  became warm and 
acqui red  a c r imson  colorat ion.  It was lef t  to stand at room t e m p e r a t u r e  for 2 hr ,  af ter  which the prec ip i ta te  was 
f i l t e red  off, washed with methanol and then with water  until the acid reac t ion  had d isappeared .  

Compounds I i I -VI  were  obtained s i m i l a r l y  (table). 

l l - (2 -Chloroe thy lamino) -5 -pheny l th iobenzo[a ]phenoxaz in -9 -one  (V). A mix ture  of 0.005 mole  of III, 10 ml of 
ethanol, 0.03 mole  of thiophenol, and 0.05 mole  of conc HC1 was boiled until it had become deco lor ized  (~30 min). 
Then 3-5  ml of a 10% aqueous solution of FeCI~ was added to the react ion mix ture .  The v io le t  p rec ip i ta te  was f i l t e red  
off and was washed with hot wa te r .  
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II-XI 

I1 H 

Rl 

III, H 

IV! H 

V C6HaS 

p-CHa �9 C6H4S 

VII I~ R-NO~.C~H4S 

IX C6H~S 

X p-CH~ . C6H4S 

XII p-NO2'C6H4S 
L 

CH2--CH~ 
\ /  

N 

NHCH2CH2CI 

NHCH2CH~Br 

NHCH2CH~CI 

NHCH2CH2CI 

NHCH2CH2C1 

CH2--CH~ 
\ /  

N 

C112--CH2 
\/ 

N 

CH2--CH~ 
\/ 

N 

l}ioxane 
Mp. o C 

(decomp)* \max ' Ig e 
nm 

240--242 460 4.412 

218--22{] 490 4.588 

206--208 490 4.546 

236--237 508 4.608 

259--260 l 514 4.629 

4.636 

4.528 

229-230 503 

238--240 498 

212--214 502 4,518 

217--218 474 4 . 4 9 2  

70% Aqueous 
di~ k - 

j kn~nax' lg e 

4.574 

4:529 

4.596 

4.615 

4.610 

Empirical 
formula 

C,sHI~N202 

CIsHL~N~O~CI 

CIsHI3NeO2Br 

C24HI7N202SCI 

C~sHI9N202SCI 

C24HI6N304SCl 

C24HI6N202S 

C2sHIsN202S 

C24HIsN304S 

10.0 

8 9  

7.4 

6.4 

7.4 

7.2 

9,2 

Found, % 

S c1 c 
(Br) 

-- -- 75.0 

-- [1. 66,2 

- -  2 1 .  - -  

7 , 3  8, - -  

7.4 8, - -  

/,O 7. - -  

3,4 - -  73.1 

7,4 - -  73.4 

7.3 - -  - -  

H N 

4.3 

4,3 

4.1 

4.4 

Calculated, % 

S CI 
(Br) 

[0,9 

.~1.6 

8.2 

7.9 

7.4 

75.13 

66,6 

72,7 

73.2 

H >, 

4,2 30--35 

4.0 ~0--90 

-- 65 

-- 85 

-- 87 

-- 90 

4.1 45 

4.4 40 

- -  45 

*Solvent for reerystallization: VII used pyridine and water; the others, dimethylformamide (IV with water, V and VI with ethanol). 
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Compounds VI and VII were obtained s im i l a r l y  (table). In the preparat ion of V-VII  f rom IX-XI,  the yields 
amounted to 90%. 

The absorption spect ra  in the vis ib le  region were taken on an SF-10 speetrophotometer  in dioxane, and in 70% 
aqueous dioxane; e 10 -4 M; layer  thickness  0.5 cm. 
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