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Benzo[c]phenoxazin-3-one was synthesized,  and the IR and e lec t ronic  absorpt ion spec t r a  of 
phenoxazin-3-one  and six of its benzo der iva t ives  were  studied. 

Benzo[c]phenoxazin-3-one (V) was synthes ized  in o rde r  to make  a compara t ive  study of the p r o p e r -  
t ies  of phenoxazinones.  It was obtained by the condensat ion of a -naphthol  with p-n i t rosophenol  in acet ic  
acid in the p r e s e n c e  of zinc chlor ide  (the yield was about 2~c). A second product  of the reac t ion  is 1,4- 
naphthoquinone, f o rm ed  as a r e su l t  of oxidation of ~-naphthol  by p-n i t rosophenol .  

I t  is  in te res t ing  to note that fi-naphthol undergoes  a s i m i l a r  reac t ion  to give 25-27~c of benzo[a]phen-  
oxaz in -9 -one  {IlX) [2]. The sharp  reduct ion of the yield in the case  of ~-naphthol is probably  assoc ia ted  
with the reduced  reac t iv i ty  of the ~ - ca rbon  atom of the naphthalene r ing as compa red  with the a - c a r b o n  
a tom.  
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The p repa ra t ion  of benzo[c]phenoxazin-3-one by the oxidative condensat ion of 2 - n i t r o s o - l - n a p h t h o l  
with r e s o r c i n o l  and i ts  i so la t ion by ch roma tog raphy  on s i l ica  gel a re  desc r ibed  in [3] by Ruzicka and 
Simanek.  The benzo[c]phenoxazin-3-one (V) that  we obtained differs  cons iderab ly  f rom the compound ob-  
tained in [3] with r e s pec t  to the IR and e lec t ron ic  spec t r a :  It is  known that  alkyl groups have l i t t le  affect  
on the absorpt ion s pec t r a  of conjugated s y s t e m s  in the vis ible  region [4,5], but, according to the data in [3], 
the absorpt ion m a x i m u m  of 1 -methy l -benzo[c]phenoxaz in-3-one  (495 ran) is shif ted by 49 nm to higher  
wavelengths as c o m p a r e d  with the absorpt ion  m a x i m u m  of benzo[c]phenoxazin-3-one (446 nm [3]. The v i s -  
ible s p e c t r u m  of the benzo[c]phenoxazin-3-one synthes ized  in our  study is c lose  to the s p e c t r u m  of 1-  
methylbenzo[c]phenoxazin-3-one  [3] and is in good ag reemen t  with the p rev ious ly  obtained calcula ted values 
[1] for  benzo[c]phenoxazin-3-one .  

Repet i t ion of the synthes is  desc r ibed  in [3] and ch roma tog raphy  of the product  on a luminum oxide 
yielded a red compound (Rf  0.667 in the s y s t e m  in [3]) that,  according to e l e m e n t a r y  analysis  and e l ec t ron -  
ic s p e c t r u m ,  was identical  to V obtained by the condensat ion of a -naphthol  with p-n i t rophenol .  

The IR and UV s p e c t r a  of phenoxazin-3-one  (I) and its de r iva t ives  have been studied repea ted ly  for  
the identif ication of a number  of na tura l  products  with phenoxazinone skele tons  [6,7]. Annelation of the benz -  
ene ring int roduces  a substant ia l  change [1] in the e lec t ron  dis tr ibut ion in I, and the IR and e lec t ron ic  s p e c -  
t r a  of not only benzo[c]phenoxazin-3-one and I but also of five benzoannelated phenoxazinones were  t h e r e -  
fore  studied to conf i rm the s t ruc tu re  of the synthes ized  benzo[c]phenoxazin-3-one.  
* See [1] for  communica t ion  I .  

According to a p r iva te  communica t ion  that we rece ived  f rom E. Ruzicka,  a re inves t iga t ion  of the compound 
synthes ized  in [3] gave r e su l t s  that  were  identical  to ou r s .  
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The  IR s p e c t r a  of I and  i t s  d e r i v a t i v e s  c on t a in  c h a r a c t e r i s t i c  bands  at  1500-1660 c m  -1. In  [8, 9], the  
i n t e n s e  band  at  1626-1650 c m  -1 was  a s c r i b e d  to  the  v a l e n c e  v i b r a t i o n s  of  the  C ----O bond,  the  band  at 1585-  
1620 c m  -1 to  t he  v i b r a t i o n s  of the  C = N  bond,  and the  band  at  1500-1572 e m  -1 to the  v i b r a t i o n s  of  the  C = C  
bonds  in  the  quinoid  and b e n z o i d  r i n g s .  In [10], on the  b a s i s  of  the  i s o t o p i c  sh i f t s  on i n t r o d u c t i o n  of an 180 
c a r b o n y l  o r  an 15N b r i d g e  in to  the  p h e n o x a z o l i n - 3 - o n e  m o l e c u l e ,  the  i n t e n s e  f i r s t  band  (1642-1657 c m  -1) was  
a s s i g n e d  to  the  v i b r a t i o n s  of  the  C ~ C  bond,  the  s e c o n d  (1614-1636 c m  -1) was  a s s i g n e d  to  the  v i b r a t i o n s  of 
the  C - - O  g r o u p ,  the  bands  at  1564-1606 c m  -1 w e r e  r e l e g a t e d  to  t he  v i b r a t i o n s  of the  C ----C bonds  of the  
a r o m a t i c  and quinoid  r i n g s ,  and the  band  at  1493-1516 c m  -1 was  a s s i g n e d  to  the  v i b r a t i o n s  of  the  C = N  bond.  

The  da t a  o b t a i n e d  f r o m  the  IR s p e c t r a  of I - V I I  f o r  1500-1660 c m  -1 a r e  p r e s e n t e d  in  T a b l e  1. The  a s -  
s i g n m e n t  of bands  m a d e  in [10] i s  u n d o u b t e d l y  the  m o s t  a c c u r a t e  one but ,  in  the  i n t e r v a l s  i n d i c a t e d  in [10], 
b a n d s  a r e  a b s e n t  f o r  s e v e r a l  b e n z o  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  (for e x a m p l e ,  the  bands  of the  C = C  
bonds  at 1642-1657 c m  -1 fo r  I I ,  I II ,  and VI,  and o t h e r s )  , w h i l e  the  band  of the  v i b r a t i o n s  of the  C = N bond at  
1493-1516 e m  -1 i s  v e r y  weak  in a l l  of the  b e n z o p h e n o x a z i n o n e s .  The  m u t u a l  e f fec t  of m u l t i p l e  bonds  in  c o n -  
j u g a t e d  s y s t e m s  of  t h i s  t ype  i s  e x t r e m e l y  c o m p l e x ,  and i t  i s  t h e r e f o r e  d i f f i cu l t  to  i s o l a t e  the  v i b r a t i o n s  of  

T A B L E  1. IR and E l e c t r o n i c  S p e c t r a  of P h e n o x a z i n o n e s  I -VI I  

Comp. 

I l l  

IV 

VI 

VII 

' Vibrational bands of the double bonds 
in the IR spee~a of the phenoxazinones 
c m ' l ,  

1641 (9) 

1636 (10)[ 

1635 (7) 

1640 (9) 

1648 (5) 

1630 ?:-- 
1626 (8) 
1643 (9) 

Electronic spectra of alcohol solutiar~ 
of phenoxazinones, k max" nm flog s ) 

1616 (I0) 1573 (8) 

i 

1596 (8) 11584 (5) 
I 1565 (4) 

1513 (7) 

152 (2) 

151 (3) 

150 (4) 

217 
(4,40) 

220 
(4,44 ) 

219 
(4,60) 

217 
(4,62) 

B c l  

254? 
(4,26) 
265 I 
(4,26)1 
260 ] 
(4,18)] 

1611 (9) 

1595 (7) 

1619-- 
1604 (9) 

1607((55)) 
1585 
1618 (7) 
1607 (7) 

1572 (4) 
1562 (5) 

1572 (5) 
1565 (4) 

1564 (6) 

1563 (5) 

1575 (4) 

1500 (7) 

1512 (2) 

1531 (2) 

222 } 

(4'43) I 

218 / 
(4,49)] 
208 / 

(4,25)! 

256 

(4,39) 
256 

(4,40)! 

_ i 

254 
(4,45) t 
267 
(4,35) 

292 
14,16) 
313 
13,99) 
296 
'fl,20) 
305** 
4,17) 
2,95 
4,15) 
308 
14,19) 
310 
'fl,27) 
3O5 
'3,83) 

K L 

354 450 
(4,15) (3,98) 

368 432 
(4,09) (4,06) 

- -  498 
(4,25) 

384"~ 486 
(3,81) (4,37) 

368 505 
(3,96) (4,13) 

376 484 
(4,00) (4,23) 
3451" 430 
(3,75) (4,31) 

* The  i n t e n s i t i e s  on a t e n - p o i n t  s c a l e  a r e  g iven  in  p a r e n t h e s e s .  
S h o u l d e r .  
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one concrete  bond. In this connection, the cha rac te r i s t i c  bands of the vibrations of the double bonds of I -  
VII are presented in Table 1 without their  individual assignments ,  which is quite adequate for  a conf i rma-  
tion of the phenoxazinone nature of V. 

There  are also charac te r i s t i c  absorption bands in the e lectronic  spec t ra  of phenoxazin-3-one and its 
derivat ives [11]. It is apparent  f rom an examination of the data presented in Table 1 that shor t -wave bands 
A and B are charac te r i s t i c  for all of the indicated compounds and are pract ica l ly  independent of the position 
of the annelated ring, in contras t  to the group of C, D, and K bands at 250-370 nm, the presence  of which in 
the spec t rum is associated with annelation. For  example,  the D band (280J310 rim) is absent in the spect ra  
of I and II, which do not have a benzene ring annelated to the benzoid portion of the phenoxazin-3-one mole -  
cule, and does appear in the spec t ra  of the remaining compounds, which do have a benzene ring. The L 
band in the visible portion of the spect rum,  just like the A and B bands, is cha rac te r i s t i c  for all of the phen- 
oxazinones, but annelation of the benzene ring (A~ma x up to 100 nm) has a considerable effect on its pos i -  
t ion. We previously  [1] d iscussed this dependence on the basis of the calculated ~max  values of nine phen- 
oxazinones obtained by the solution of the inverse  spect ra l  problem for five of them. Sat isfactory agree-  
ment  between the experimental  ~ max values obtained in this study for  the L band with those calculated in 
[1] was found for the newly synthesized V and for  VII, which was not investigated in [1]. The 'exper imenta l  
Amax values for benzene solutions of V and VII are 494 and 428, while the calculated ~max  values are 497 
and 427, respect ively .  

Thus, only A, B, and L bands can be used to confi rm the phenoxazinone s t ruc ture  of the compounds.  
An analysis  of the IR and UV spec t ra  of I-VII conf i rms the phenoxazinone s t ruc ture  of condensation p rod-  
uct V. 

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

Benzo[c]phenoxazin-3-one (V). A total of 29 g (0.2 mole) of ~-naphthol and 37 g (0.3 mole) of p-  
ni t rosophenol  were dissolved in 300 ml of glacial acetic acid, 70-80 g of finely ground, f reshly  fused zinc 
chlor ide was added, and the mixture was shaken vigorously for 1 h. (The react ion mixture  warmed up 
s t rongly in the process . )  It was then heated for 1 h on a water bath and allowed to stand for 24 h at room 
tempera tu re .  One l i ter  of hot water  was added, and the whole was fi l tered.  The precipitate was washed on 
the fil ter with sa turated sodium carbonate solution until the fi l trate was co lor less  and was then washed with 
hot water ,  dried, and extracted with ch loroform in a Soxhlet apparatus.  The ch loroform solution was c h r o -  
matographed with a 650 by 30 column filled with neutral aluminum oxide with anhydrous ch loroform as the 
ehiant. The f i rs t  f ract ion (yellow) contained 1.8-2 g of 1,4-naphthoquinone, as proved by e lementa ry  analy- 
sis  and compar ison  with a genuine sample .  The seco.nd fract ion (cherry-red)  yielded 1.6-2 g (2-3%) of V 
with mp 236-237 ~ (from butanol) and Rf 0.25 (on neutral  activity II aluminum oxide) in an anhydrous ch lo ro-  
form sys tem and R f  0.66 in a b e n z e n e - a c e t o n e  sys tem (3:1).  Found %: C 77.7; H 3.8; N 5.5. C16HgNO 2. 
Calculated %: C 77.6; H 3.6; N 5.7. 

Compounds I-IV and VI were  synthesized by the method in [1], while VII was synthesized by the 
method in [12]. 

The UV spec t ra  of 10 -5 M ethanol solutions of phenoxazinones I-VII were recorded  with a P e r k i n -  
E lmer  402 spec t rophotometer .  The spec t ra  of 10 -4 M benzene solutions of V and VII in the visible region 
were  obtained with an SF-10 spec t rophotometer .  The IR spec t ra  of minera l  oil pastes  were recorded  with 
a UR-20 spec t rophotometer .  
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