
HETEROCYCLES, V o l  33. No. 2. 1992 573 

THE PHOTOCYCLIZATION OF - N-ACYL-2-NITRODIPHENYLAMINES TO PHENAZINE 
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A b s t r a c t  - The p h o t o c y c l i z a t i o n  o f  1-acyl-2-nitrodiphenylamines 

t o  phenazine !-oxides i s  extended t o  s e v e r a l  d i n i t r o  d e r i v a t i v e s  

- a n d  a  p y r i d i n e  analogue o b t a i n i n g  !-oxides of o therw ise  d i f f i c u l t  

access. I n  t h e  presence of some a d d i t i v e s ,  t h e  r e a c t i o n  t a k e s  a  

d i f f e r e n t  course. Thus, w i t h  a c i d s  d e a c y l a t i o n  occurs,  w i t h  

t r i p h e n y l p h o s p h i n e  a  i--phosphoranyl idene amine i s  formed and w i t h  

2 , b - d i - g - b u t y l p h e n o l  t h e  co r respond ing  n i t rosodiphenylammine 

i s  ob ta ined .  A mechanism s t a r t i n g  from t h e  n i t r o a m i d e  t r i p l e t  and 

i n v o l v i n g  severa l  d i s c r e t e  i n t e r m e d i a t e s  i s  proposed i n  o r d e r  t o  

account  f o r  such observa t ions .  

A l a r g e  number of s y n t h e t i c  methods f o r  n i t r o g e n  he te rocyc les  i n v o l v e  an i n t r a m o l e c u l a r  

c y c l i z a t i o n  th rough  t h e  e l e c t r o p h i l i c  a t t a c k  of a  low-valency n i t r o g e n  f u n c t i o n a l i t y ,  

e.g. a  n i t r e n e ,  o n t o  a ne ighbor ing  a romat i c  r i n g .  As f a r  as phenazines a r e  concerned, a  

t y p i c a l  such s y n t h e s i s  i s  t h e  c y c l i z a t i o n  of 2-n i t rod iphenylamines under e i t h e r  bas ic  

o r  a c i d i c  c o n d i t i o n s  by t rea tment  w i t h  hydraz ine  and a  c a t a l y s t 1  o r  by r e d u c t i o n  w i t h  
2-5 

meta l  o r  s a l t s .  A m i x t u r e  of t h e  base and t h e  !-oxide i s  formed i n  some cases. and 

t h e i r  r a t i o  as w e l l  as t h e  o v e r a l l  y i e l d  change g r e a t l y  accord ing  t o  s u b s t r a t e  and 

c o n d i t i o n s .  Some years ago, Maki et r e p o r t e d  t h a t  !-acyl-2-nitrodiphenylamines are 

' Dedicated t o  Pro fessor  Masatomo Hamana on t h e  occasion o f  h i s  7 5 t h  b i r t h d a y  
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photochemically converted to phenazine The product yields depend on the 

structure, and only in some cases are satisfactory. However, this synthesis deserves 

attention both in view of the mild conditions used and of the fact that the pure 

N-oxides, rather than these products mixed with the phenazines, are formed, and such - 

substrates present a large potentiality for elaboration, apart from the simple 

deoxygenation to the azines. 
7 

Previous authors investigated the photochemistry of tj-phenyl-2-nitroacetanilides 

carrying an OMe, SMe, or COOMe group in position 2', as well as of some analogues 

containing a n-excessive heterocycle, viz 5-(1-methyl-4-nitropyrazolyl) and 

3-(5-a~etyl-2-nitrothienyl).~ The aim of the present study is twofold, first to check 

the scope of the reaction, and accordingly we report the photochemistry of some 

d i n i t r o d i p h e n y l a c y l a m i n e s  and of a pyridine analogue, and second, to obtain a deeper 

insight in the mechanism, in order to rationalize synthetic choices. 

RESULTS 

We first checked the occurrence of the reaction on parent 2 - n i t r o p h e n y l a c e t a n i l i d e  

(la). Indeed, the amount of phenazine-!-oxide (2a) formed was almost 100% of the 
-4 

consumed la when the irradiation of dilute solutions (10 M )  was interrupted at a 25% 

conversion of la. (Table 1, Scheme 1). Thus, the 5% yield of 2a previously reported at 

total conversion is due to the well known secondary photodecomposition of 2a as it 

had correctly been assumed.6 Indeed, we checked that the products present at high 

conversion are those arising from the rearrangement of 2a. 

2,4-Dinitrodiphenylacetamide ( 3 )  was cleanly converted into 2-nitrophenazine 10-oxide 

( 4 )  upon irradiation in benzene, dichloromethane, acetonitrile or methanol. A lower 

yield was obtained in 2-propanol. Because of the known p h o t o ~ t a b i l i t y ~ ' ~ ~  of !-oxide 

( 4 )  the yield did not decrease when the reaction was carried out until complete 

conversion of the substrate was reached, and the photochemical synthesis could be 

conveniently carried out on a 0.5 g scale. 

The !-oxide (4) was likewise obtained, again in good yield, by irradiation of 

2.4'-dinitrodiphenylacetamide (5). 

The two expected nitrophenazine !-oxides (7) and (8 )  were obtained from 

2,3'-dinitrodiphenylacetamide ( 6 )  in roughly equal amounts. These were recognized by 

phosphorous trichloride deoxygenation to 2-nitro- and 1 - n i t r o p h e n a z i n e s , r e s p e c t i v e l y .  



HETEROCYCLES. V o l  33, No. 2. 1992 515 

a 
Table 1. Products  from t h e  P r e p a r a t i v e  I r r a d i a t i o n  of Diphenylacetamides 

Subs t ra te  

1 

3 

3 

3 

3 

5 

6 

9 

Solven t  

Benzene 
b 

Benzene 
b 

Benzene b,d 

a c e t o n i t r i l e  
b  

Benzene b,e 

C 
Benzene 

C 
Benzene 

C 
Benzene 

I r r a d i a t i o n  

Time 

5 min 

35 min 

3 5  min 

35 min 

3 0  min 

1 9  h 

21 h 

3 0  h 

Subs t ra te  

Conversion ( % I  

25 

95 

95 

95 

90 

9 0  

73 

78 

Products  (% Y i e l d )  

a .  Deaerated s o l u t i o n .  un less  o therw ise  s t a t e d .  B I r r a d i a t i o n  by P y r e x - f i l t e r e d  l i g h t  

(see Exper imenta l ) .  c  I r r a d i a t i o n  by phosphor-coated lamp a t  350 nm (see Exper imenta l ) .  
-2 

d  A i r  e q u i l i b r a t e d  s o l u t i o n .  e  I n  t h e  presence o f  1 0  M benzophenone. 

X H NO, H 
Y H H NO, 

X H NO, 

Scheme 1 
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When y-acetyl-3-nitro-2-phenylaminopyridine ( 9 )  was i r r a d i a t e d  i n  benzene, an analogous 

c y c l i z a t i o n  took  p l a c e  and pyrido[Z,3-b]quinoxaline 5-oxide (10) was ob ta ined .  

I r r a d i a t i o n  of compound ( l 0 ) i n  acetone conver ted  i t  t o  t h e  paren t  base. An a t tempt  t o  

r e o b t a i n  1 0  by 3-ch loroperbenzoic  a c i d  o x i d a t i o n  of t h e  p y r i d o q u i n o x a l i n e  revea led  t h a t  

t h e  p r e f e r r e d  p o s i t i o n  of o x i d a t i o n  was by f a r  p o s i t i o n  1  ( t o  y i e l d  !-oxide 1 0  see 

Exper imenta l  f o r  spec t roscop ic  c h a r a c t e r i s t i c s )  r a t h e r  than  p o s i t i o n  5. 

Encouraged by t h e  s a t i s f a c t o r y  r e s u l t s  of p r e p a r a t i v e  i r r a d i a t i o n ,  we c a r r i e d  o u t  some 

t r a p p i n g  exper iments aimed t o  o b t a i n  mechan is t i c  i n f o r m a t i o n .  Though t h e  r e a c t i o n  was 

i n  genera l  n o t  s t r o n g l y  dependent on t h e  medium c h a r a c t e r i s t i c s  (e.g. i t  r e s u l t e d  t o  be 

l a r g e l y  independent of s o l v e n t  p o l a r i t y  and on i t s  p r o t i c  o r  n o n p r o t i c  na tu re ,  and 

fu r thermore  i t  was n o t  a f f e c t e d  by t h e  presence of d i s s o l v e d  oxygen, see an example i n  

Tab le  l ) ,  some s e l e c t i v e  t r a p p i n g  exper iments were success fu l  (Table 2 ) .  Thus, when t h e  
-2  

i r r a d i a t i o n  of amide ( 5 )  was c a r r i e d  o u t  i n  t h e  presence o f  10 M CF3COOH (TFA), t h e  

convers ion  of t h e  s t a r t i n g  m a t e r i a l  proceeded a t  about  t h e  same r a t e h t  i t  gave a  much 

lower  y i e l d  of t h e  !-oxide and 90% y i e l d  of t h e  amine (11) .  S i m i l a r l y ,  t h e  o t h e r  

amides when i r r a d i a t e d  under these c o n d i t i o n s  underwent d e a c e t y l a t i o n  t o  y i e l d  t h e  

amines (12-14) w i t h  corresponding r e d u c t i o n  of t h e  amount o f  c y c l i z a t i o n  p roduc ts .  

Table 2.  P roduc ts  f rom t h e  I r r a d i a t i o n  o f  Diphenylacetamides i n  Benzene i n  t h e  Presence 
a  

of T rapp ing  Agents. 

Subs t ra te  A d d i t i v e ,  1 0 - ' ~  Produc ts  (% Y i e l d  on Converted Amide) 

1 TFA 2(25) ,  12(57)  

3  TFA 4 ( 1 3 ) ,  13(85)  

5 TFA 4 ( 5 ) ,  l l ( 9 0 )  

TPP 4 ( 3 ) ,  1 5 ( 9 )  

DTBP 4(11 ) ,  16(70) 

6 TFA 7 ( 8 ) ,  8 ( 1 0 ) ,  14(78)  

a. I r r a d i a t i o n  by phosphor-coated lamps a t  350 nm (see Exper imenta l )  
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11 12 13 14 

X H H NO2 H 
Y NO, H H H 
Z H H H NO2 

The a d d i t i o n  o f  t r ipheny lphosph ine  (TPP) l i kew i se  caused an impor tan t  change. From the 

amide(5)the y i e l d  o f  t he  c y c l i z e d  product  (4) s t rong l y  decreased and a new product  was 

obta ined as a yel low c r y s t a l l i n e  ma te r i a l .  Th i s  was analyzed c o r r e c t l y  f o r  C H N 0 P, 
30 24 3 2 

i n  accordance w i t h  t he  molecular  peak a t  m/z 489 i n  t he  mass spectrum. Thus, the  ace ty l  

group was e l im ina ted  and one t r iphenylphosphine molecule was incorpora ted .  I n  view of 

these and o ther  spectroscopic evidences (see Exper imental )  which f i t  w i t h  known 

examples of F-phosphoranylidene aminesl' s t r u c t u r e  (15) was a t t r i b u t e d  t o  t h i s  

compound. 

Yet another successfu l  t r app ing  was obta ined by us ing  2 , b - d i - a - b u t y l p h e n o l  (DTBP). 

Again, the  y i e l d  of 4 from 5 decreased and a new produc t  was formed. Th i s  appeared as a 

red-brown s o l i d ,  g i v i n g  an orange-red s o l u t i o n  i n  e thano l  which tu rned deep brown i n  

t he  presence o f  bases. It was analyzed f o r  C H N 0 and was t rasformed i n t o  
1 2 9 3 3  

2.4'-dinitrodiphenylamine (11) by t reatment  w i t h  bas i c  hydrogen peroxide. On t h i s  

bas is ,  and i n  accordance w i t h  t he  o the r  spectroscopic p r o p e r t i e s  (see Experimental) 

t h i s  compound was recognized as 2-ni t roso-4 ' -n i t rodiphenylamine (16) .  
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Finally, some quantum yield measurements for the formation of the phenazine N-oxides 

from the amides were carried out (Table 3). 

Table 3. Quantum Yields for the Formation of the !-Oxides in Benzene 

Starting @ (N-oxide) - 

Amide a b c 

1 0.1 0.08 0.07 

3 0.06 0.06 0.04 

5 0.025 0.025 0.018 

a. Degassed solution b. Air equilibrated solution c. Degassed 
-2 

solution containing 10 M benzophenone. 

OlSCUSSlON 
6 

The results of this study, in conjunction with those previously reported by Maki show 

that the photochemical cyclization of !-acyl-2-nitrodiphenylamines to phenazine 

N-oxides is a quite general process, relatively little affected by the presence of - 

electron-donatingor -withdrawing substituents. From the limited series of measurements 

we carried out, the quantum yield for the overall transformation also does not change 

much. Thus, this reaction is a general method which can be added to the other known 

cyclization methods from 2-nitrodiphenylamines and derivatives mentioned in the 

introduction. The limitation is in the well known photolability of !-oxides. 7,8,10 

lndeed these compounds absorb at a longer wavelength than the starting substrate and 

react (in the case of parent phenazine !-oxide) with a similar quantum yield. Thus, it 

is difficult to carry the reaction to completion and to avoid extensive secondary 

photodecomposition. In this second reaction, the substituent effect is important, since 

it is known that the quantum yield of !-oxides rearrangement changes greatly according 

to the type and position of the substituent, though in a way that it is difficult to 

generalize. A rule that is possible to recognize, however, is that electron-withdrawing 

substituents strongly decrease the tendency to photorearrangement.1° 2-Nitrophenazine 

10-oxide is known to be quite photostable and apparently the other nitro !-oxides 

prepared here are also stable. 

Thus the photoreaction of these substrates is preparatively useful. As shown in the 
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case o f  compounds ( 7 )  and ( a ) ,  pho tocyc l i za t i on  o f f e r s  a  v i a b l e  path f o r  n i t rophenazine 

N-oxides n o t  access ib le  by n i t r a t i o n .  L ikewise,  i n  t he  case of compound (10)  a  - 

d e r i v a t i v e  n o t  access ib le  by !-oxidation of t he  az ine  i s  obta ined by c y c l i z a t i o n .  

Not ice  f u r t h e r  t h a t  t he  pyr idoqu inoxa l ine  !-oxide (10) i s  photochemical ly deoxygenated 

ra the r  than rearranged, a  tendency known t o  increase w i t h  i nc reas ing  aza 

subs t i tu t ion . ' '  A t  any ra te ,  deoxygenation of 1 0  i s  slow under t he  cond i t i ons  o f  

pho tocyc l i za t i on  o f  9 ,  and the  main product  remains t he  !-oxide a l s o  i n  t h i s  case. 

We consider  now t h e  mechanism of t he  amide pho tocyc l i za t i on .  The o v e r a l l  process 

invo lves  e l i m i n a t i o n  o f  a c e t i c  a c i d  and fo rmat ion  of a  new carbon-nitrogen bond, bu t  

t h i s  i s  obv ious ly  a  mu l t i - s t ep  process i n v o l v i n g  d i s c r e t e  in te rmed ia tes .  I n  our 

op in ion ,  scheme 2 ( r e f e r r e d  t o  t he  parent  subs t ra te  (1 ) )adequate ly  dep i c t s  t he  process. 

The Scheme i n  p a r t  incorpora tes  previous and i s  supported by t he  present 

t r app ing  experiments. 

Scheme 2 



580 HETEROCYCLES. Y o .  33, No. 2, 1992 

The r e a c t i o n  i s  i n i t i a t e d  by t h e  t r i p l e t  s t a t e  o f  the  amide (see s e n s i t i z a t i o n  

experiments); t h i s  has a  r a d i c a l  charac te r  l o c a l i z e d  on t he  n i t r o  group. Th i s  character  

of n i t r o  aromatics i n  t he  t r i p l e t  s t a t e  i s  w e l l  known,'' and t he re  i s  a  precedent f o r  

t he  a t t ack  o f  t he  n i t r o  group on to  t h e  carbon-carbon double bond.13 Thus, a  f a s t  

( indeed n o t  quenched by d i sso l ved  oxygen) in t ramolecu la r  a t t ack  ensues, and leads t o  an 

"azaozonide" w i t h  s t r ong  d i r a d i c a l  charac te r  (17). Accordingly,  t h i s  co l lapses  t o  t he  

f u r t h e r  in te rmed ia te  ( l a ) ,  which can be considered a  mixed anhydr ide of t he  n i t r o  

d e r i v a t i v e  i n  t he  & form. I n  t u rn ,  18  su f fe rs  h e t e r o l y t i c  cleavage t o  y i e l d  t he  

ace ta te  anion ( i t  i s  known t h a t  t he  corresponding ac ids  a re  s e t  f ree  when s i m i l a r  

amides are  i r r a d i a t e d ) 1 4  and t he  c a t i o n  (19), which f i n a l l y  undergoes i n t r amo lecu la r  

e l e c t r o p h i l i c  a t t ack .  Under our cond i t i ons  an added a c i d  (TFA) does n o t  protonate t he  

s t a r t i n g  amides, b u t  i t  i s  conceivable t h a t  in te rmed ia te  (17) .  expected t o  be much more 

bas ic ,  i s  protonated and thus  deacy la t ion  w i t h  conservat ion of t he  n i t r o  group r e s u l t s .  

On t he  o ther  hand, e l e c t r o n  donors such as TPP and DTBP probably f a c i l i t a t e  cleavage o f  

in te rmed ia te  (18) .  TPP has apparen t ly  a  double f unc t i on ,  v i z  deoxygenation and t r app ing  

o f  a  n i t r e n i c  in termediate,  as observed e.g. i n  t he  thermolys is  of azidesl' and o f  

2 , l - b e n z o x a ~ o l e . ~ ~  DTBP probably produces t he  2-n i t rosodiphenylamino r a d i c a l  and then 

t r a n s f e r s  hydrogen t o  t he  same r a d i c a l  y i e l d i n g  t he  observed n i t rosoamine.  

I n  conclus ion,  t he  pho tocyc l i za t i on  of F-acyl-2-nitrodiphenylamides i s  a  va luab le  

method f o r  the  syn thes is  o f  phenazine !-oxides, and fur thermore t he  present  study shows 

t h a t  t he  reac t i on  can be d i v e r t e d  t o  o the r  products, a l s o  of p o t e n t i a l  s yn the t i c  

i n t e r e s t .  

EXPERlMENTAL 

The s t a r t i n g  amides were prepared by t reatment  of corresponding amines w i t h  a c e t i c  

anhydr ide-z inc ch lo r ide16 and t he  phys i ca l  p rope r t i es  o f  amides (1. 3, 5) corresponded 

t o  l i t e r a t u r e  data.  16'17 2,3'-Dinitrodiphenylacetamide ( 6 )  and N-acety l -3-n i t ro-2-  

phenylaminopyr id ine ( 9 )  were analogously prepared from the  amines. 18'19 Compound (61, 

almost c o l o r l e s s  c r y s t a l s ,  mp 125'C (MeOH). Anal. Calcd f o r  C H N 0  . C ,  55.81; H, 
14 11 5  3 '  

3.68, N, 13.95. Found: C ,  56.02; H  3.72; N, 14.00. Compound ( 9 ) ,  l i g h t  ye l low c r y s t a l s ,  

mp 112-13°C (EtOH). Anal. Calcd f o r  C H N 0  : C, 60.69; H 4.31; N,16.34. Found: C,  
13 11 3  3  

60.85; H. 4.40; N, 16.25. 

The spec t ra  were taken w i t h  t he  f o l l ow ing  inst ruments.  I r :  Pe rk i n  Elmer 287; nmr: 

Bruker  80 o r  300 MHz; mass: F inn igan MAT; uv: Cary 19. Elemental analyses were 
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performed bymeans o f  a Car lo  Erba microanalyzer .  

Prepara t i ve  i r r a d i a t i o n s .  5 x 1 0 - ~ ~  s o l u t i o n s  of t he  amides were reacted i n  e i t h e r  o f  the 

f o l l ow ing  ways: 1 )  250 m l  of s o l u t i o n  i n  benzene o r  other  so lven ts  (see t e x t )  i n  a 

c y l i n d r i c a l  vessel  f i t t e d  w i t h  a Pyrex immersion w e l l  were brought  t o  b o i l  and then 

cooled t o  17OC under an Argon stream, and i r r a d i a t e d  f o r  5-60 min (see Table I )  by 

means o f  a H e l i o s  I t a l q u a r t z  125 W medium-pressure mercury a r c ;  o r  2) 150 m l  of 

so l u t i on inbenzene  o r  o the r  so lven ts  i n  a Pyrex tube were deoxygenated by f l u s h i n g  wi th 

Argon f o r  20 min, then serum capped and i r r a d i a t e d  f o r  15-30 h (see Table 1) by means 

o f  s i x  e x t e r n a l  15W phosphor-coated lamps (emiss ion centered a t  350 nm). Deoxygenation 

was om i t t ed  o r  benzophenone o r  an o the r  a d d i t i v e  was added when requ i red .  I n  a l l  cases 

t h e  progress o f  t h e  r e a c t i o n  was moni tored by t l c ,  t h e  i r r a d i a t e d  s o l u t i o n  was 

evaporated a t  reduced pressure, and t he  res idue was chromatographed on s i l i c a  g e l  Merck 

60 HR e l u t i n g  w i t h  cyclohexane-ethyl ace ta te  mix tu res  from 8:2 t o  1 : l .  Two o f  the 

products obta ined (see Table 1 )  were i d e n t i c a l t o a u t h e n t i c  samples (compounds 2 ,  4 ) .  20 

2-Nitrophenazine 5-oxide ( 7 ) .  yel low-orange c r y s t a l s ,  mp 191°C (EtNO ) .  Anal. Calcd fo r  
2 

C H N 0 . C,59.75; H.2.93; N,17.42. Found: C ,  59.57; H, 2.94; N, 17.24. Nmr (CDC1 ) 
12 7 3 3 '  3 
6 8.85 (d,  J=9, 1H) 8.8 (d ,  J=1. l H ) ,  8.3 (dd, J = 9,1, l H ) ,  8.4-8.6 (m, ZH), 7.85-8.0 

(m. ZH). 

1-Ni t rophenazine 10-oxide ( 8 ) ,  b r i g h t  ye l low c r y s t a l s ,  mp 200°C (EtNOZ). Anal. Calcd 

f o r  C H N 0 .C, 59.75; H, 2.93; N, 17.42. Found: C ,  59.65; H, 2.99; N, 17.15. Nmr 
12 7 3 3 '  

(CDC13) 5 8.55-8.75 (m, l H ) ,  8.2-8.45 (m, 2H), 7.75-3.0(m, 4H). Spectroscopic p rope r t i es  

and admixed mp showed t h a t  t h i s  compound was d i f f e r e n t  from the  known 1-nitrophenazine 

5-oxide. 
20 

Pyrido[2,3-h]quinoxaline 5-oxide ( l o ) ,  ye l low c r y s t a l s ,  mp 200-202°C (EtNO?). Anal. 

Calcd f o r  C H N 0; C ,  67.00; H, 3.58; N, 21.31. Found: C ,  67.21; H, 3.65; N, 21.25. 
11 7 3 

Mass spectrum, m/z 197. Nmr see Table 4 and d iscuss ion  below. 

N-(Triphenylphosphoranyl iden)2-(4-nitrophenylaminobenzenamine (15) ,  ye l low c r y s t a l s ,  mp - 

178-180°C (EtOH). Anal. Calcd f o r  C H N 0 P: C, 73.61; H, 4.94; N, 8.58. Found: C, 
30 24 3 2 

73.80; H, 4.95; N, 8.75. Mass spectrum, m/z 489. Nmr (CDC13) 6 8.05 and 7.1 (AA'88' 

system, J = 9,4H), 7.4-7.8 (m, 15 H), 6.5-6.8 (m, 4H); i r  (KBr) ,  1595, 1300, 1105 cm-l. 

4 -N i t ro -2 ' -n i t rosod ipheny lamine  (16 ) ,  orange c r y s t a l s ,  mp 175OC ( t o l uene ) .  Anal. Calcd 

f o r  C12H9N303: C, 59.26; H, 3.73; N, 17.28 Found: C ,  58.70; H, 2.50; N, 16.82. Mass 

spectrum, 243 m/z  (weak peak a t  m/z 259) .  Nmr, (CDC13) 6 8.55 ( b r  d, J = 8 , l H )  8.3 and 

7.4 (AA'BB' system, I = 9, 4H), 7.5 (dd, I = 1,7, l H ) ,  7.6 (ddd, J = 1.7.8, lH ) ,  6.9 
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( b r  t, J = 8, l H ) ,  11.1 ( b r ,  exchangeable, 1H). 

1  
Table 4. H Chemical S h i f t s  ( 8 )  f o r  Pyr ido  [ 2 , 3 - ~ ] ~ u i n o x a l i n e  De r i va t i ves  

i n  Chloroform 

2-H 3-H 4-H 6-9, 9-H 7-H, 8 4  

Base 9.4 7.8 8.6 8.25, 8.38 7.9 

5-oxide (10)  9.4 7.7 9.1 8.7, 8.4 7.75, 7.9 

1-oxide (10 ' )  9.1 7.8 8.8 8.25, 8.6 7.8, 7.9 

Thermal deoxygenations. !-Oxides ( 7 )  and (8) (30 mg 0.15 mmol) were re f l uxed  w i t h  0.3 

m l  (1.4 mmol) o f  PC1 fo r  3  h, then  t he  m ix tu re  was d i l u t e d  w i t h  water, n e u t r a l i z e d  
3  

w i t h  aqueous ammonia, and ex t rac ted  w i t h  CHCl The res idue from the  organic l a y e r  was 
3 '  

p u r i f i e d  by passing through a  f i l t e r  of a c t i v a t e d  alumina. Compound ( 7 )  gave 15 mg 

(55%) o f  2-n i t rophenazine and compound (8 )  gave 20 mg (73%) of 1-n i t rophenazine,  

i d e n t i c a l  w i t h  au then t i c  samples. 
20,21 

Ox ida t ion  of compound (16).  To the  red s o l u t i o n  of compound (16) (30 mg, 0.12 mmol) i n  

MeOH (1 m l )  NaOH (50 mg, 1.25 mmol) was added. The s o l u t i o n  turned t o  deep brown. 30% 

Aqueous hydrogen peroxide (100 p1, 0.9 rnmol) was added. The s o l u t i o n  t u rned  orange and 

a  p r e c i p i t a t e  began t o  separate. A f t e r  1  h, d i l u t i o n  w i t h  water and f i l t r a t i o n  y i e l ded  

an orange m a t e r i a l  which was i d e n t i c a l  t o  2,4'-dinitrodiphenylamine (32 mg, 

q u a n t i t a t i v e  

N-ox ida t ion  of pyrido[2,3-b]quinoxaline. The t i t l e  compound (100 mg, 0.55 mmol) i n  

chloroform (5 ml )  was t r ea ted  w i t h  55% 3-chloroperbenzoic a c i d  (173 mg, 0.55 mmol). 

A f t e r  3  h  t he  s o l u t i o n  was shaked w i t h  aqueous 5% NaHCO and water and then  d r i e d  over 
3 

MgSO . Evapora t ion  and s i l i c a  g e l  chromatography of the  res idue e l u t i n g  w i t h  1 : l  
4  

cyclohexane-ethyl ace ta te  gave unreacted s t a r t i n g  m a t e r i a l  (30 mg), !-oxide (10)  (2 mg, 

3%) as w e l l  as a  ye l low c r y s t a l l i n e  m a t e r i a l  (15 mg. 20%), mp 138-142°C (EtN02). 

Anal.Calcd f o r  C11H7N303: C ,  59.26; H,  3.73; N, 17.28. Found: C ,  66.75; H, 3.39; N, 

21.15. T h i s  was recognized as pyr ido [2 ,3 -gqu inoxa l ine  1-oxide on t he  bas i s  of t he  

comparison of t he  nmr spectrum w i t h  those of t he  base and t he  5-oxide (Table 4 ) .  Not ice  

the  marked s h i f t  t o  h igher f i e l d  o f  2-H a  d  4-H i n  t he  1-oxide and t o  lower f i e l d  o f  

4-H and 6-H i n  t he  5-oxide. These s h i f t s  f i t  w e l l  w i t h  the  p red i c ted  e f f e c t o f  t he  N-0 

group, as i t  has been prev ious ly  es tab l i shed.  
22 
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Quantum y i e l d  measurements. Measurements were e f fec ted  on benzene s o l u t i o n  o f  the 
-4 

amides (10 M) i n  1 cm o p t i c a l  pa th  spectrophotometr ic  c e l l s .  These were degassed by 
-5 

f i v e  freeze-thaw-degas cyc les  a t  10 mm Hg and i r r a d i a t e d  on an o p t i c a l  bench by means 

of a f oca l i zed  high-pressure mercury a r c  (Osram 200 W HB) monochromatized a t  366 nm 
-6 -1 

through an i n te r f e rence  f i l t e r .  The i n c i d e n t  f l u x  was of ca. 0.6 x 10 E i n s t e i n  min 
-2 

cm . The fo rmat ion  of the  !-oxide was moni tored spec t rophotomet r i ca l l y .  
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