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ABSTRACT 
Nitration of 2-amino-, 2-F-methylamino-, and 1-amino-phenazine resulted i11 the formation 

of 2-amino-1-nitro-, 2-N-methylamino-1-nitro-, and 1-amino-4-nitro-phenazine, respec- 
tively. Nitration of 2-aminophenazine was shown to proceed via the intermediate nitramine, 
which was isolated and identified. 2-Hydroxy-1-nitrophenazine was found to exist in the solid 
state exclusively in the hydroxy form, and 4-nitro-l(5H)-phenazinone was the only solid 
obtained on acidification of a 1-hydroxy-4-nitrophenazine salt solution. 

DISCUSSION 

In a continuation of the studies dealing with the structure and reactivity of aza-aromatic 
nitrainiiles (1-3), an investigation of the behavior of phenazine ilitramine derivatives was 
undertaken. 

2-Aminopheilazine (I) (4) was nitrated in concentrated sulphuric acid with 70% nitric 
acid a t  temperatures between -50' and - 15'. This resulted in the formation of 2-nitra- 
minophenazine, in an almost quantitative yield. The nitramhe obtained in this way was 
found to be a mixture of the monohydrate (11) and anhydrous (111) forms, the former 
being the main component. On prolonged drying, I1 was gradually transformed into the 

- anhydrous forin (111). The pure ino~lohydrate was prepared by slow crystallization from a 
dilute acidic solutioil of the mixture. When dried by benzene distillation a t  50°, both the 
inonohydrate and the mixture of the two forms yielded the anhydrous nitramine. 

Both the inonohydrate and the anhydrous ilitramine decomposed rapidly when heated 
to 150-160'. No differences in the chemical behavior of the two forms were observed. They 
were weakly acidic, dissolved in dilute alkali, and could be reprecipitated from solution 
with dilute acids. When treated with concentrated sulphuric acid, the nitranlines (11, 
I I I) were rearranged to 2-amino-1-nitrophenazine (IV) . 

The infrared spectra of the two forms were in agreement with the proposed structures. 
In the spectrum of the monohydrate (11), the broad band with maxima a t  3540, 3400, 
and 3200 cm-I indicated the presence of mater of crystallization. Absorption which could 

+ 
be attributed to N-H stretching and to -NO2 symmetrical vibrations were present in 
the spectra of the two forms, and the absorption patterns in the range 900-700 cm-1 
were in agreement with a phenazine substituted in position 2. Distinguishing features 
between the spectra of I1 and I11 were the presence of peaks a t  855 and 790 cm-l in the 
spectrum of I11 which did not appear in that of I1 and the difference in the frequency and 

f 
shape of the bands assigned to the N-H stretching vibrations (a broad weak band a t  
2700 cm-l in the spectrum of I1 and a broad unresolved band between 3100 and 2700 cm-l 

+ 
in that of 111). The presence of an N-H absorption in the spectra of both forms and the 

' T h i s  incestigation received $nancial assistance frollz the National Research Council of Canada, Ottawa. 
Abstracted from a portion of the thesis subnzitted by C.  Stammer to the Faculty of Graduate Studies and Reseauch, 
iWcGill University, iVovember 1961, in partial fulfLllment of the requirements for the Ph.D. deg~ee.  

2Holder of a Canadian Indzistries (1954) Limited Fellowship 1960-61. 
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STAhIhZEK A S D  TAURINS: PHEXAZIXE DERIVATIVES 

F O R M U L A E  SHEET 

I :  R I - H ;  R 2 = N H 2  
IV: R I = N 0 2 ;  R 2 = N  H 2  
V:  R l = R 2 = N H 2  
VI11: R I = H ;  R 2 = N H -  CH3 

XIV XVI  XVI I 

shift of the --NO2 symmetric vibrations to  higher frequencies suggested a nitrimino- 
phenazinium inner-salt structure for the nitramines (11, 111). Such a structure had been 
proposed previously (5) for other aza-aromatic nitramines. 

Rearrangement of 2-nitraminophenazine was carried out in concentrated sulphuric 
acid a t  0'. After 3 hours, isomerization was complete-and 2-amino-1-nitrophenazine (IV), 
the main rearrangeinent product, was obtained in a 5370 yield. The aminonitro compound 
(IV) was basic, and dissolved readily in 5y0 hydrochloric or sulphuric acid. Direct nitra- 
tion of 2-aminophenazine (I) perfor~ned under conditions similar to  those of rearrange- 
ment resulted in the forination of IV in a slightly lower yield. Thus it would appear that  
in direct nitration, formation of IV occurred via rearrangeinent of the intermediate 
nitramine. 

Proof for the structure of the aminonitro derivative (IV) was obtained in several ways. 
When IV was oxidized in an alkaline medium with potassium permanganate, the pro- 
duction of quinoxaline-2,3-dicarboxylic acid showed that  only one carbocyclic ring in IV 
was substituted. Reduction of IV provided a diamine, of necessity 1,2-diaminophenazine 
(V). The  alninonitro compound IV on being refluxed with conceiltrated hydrochloric acid 
or boiled with lYo aqueous sodium hydroxide was converted into 2-hydroxy-1-nitro- 
phenazine (VI) (6, 7). In the infrared spectrum of IV there were bands a t  3430, 3290, and I 

3170 cin-I in the N-H stretching region, and peaks a t  1520 and 1280 cm-I which could 
be correlated with the asymmetric and symmetric vibrations of the nitro group. The lack 
of any bands between 900 and 850 cm-l and the presence of a peak a t  802 cm-I were 
consistent with 1,2-substitution. 

1,2-Diaminophenazine (V) was prepared both by zinc - acetic acid reduction and b y  
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catalytic reduction of 2-amino-1-nitrophenazine (IV). When a methanolic solution of IV 
was reduced with hydrogen in the presence of a platinum catalyst, the color of the liquid 
changed from brown, to  deep red, to colorless. On exposure to  air, the colorless liquid 
became deep red again, and a product, idelltical with the diamine (V) obtained by zinc - 
acetic acid reduction, was isolated. The colorless methanolic solution was considered to 
contain a product of further reduction, most probably 1,2-diamino-S,10-dihydrophenazine 
(VI I). 

Hydrolytic replacement of the amino group of 2-amino-1-nitrophenazine (IV) in acidic 
medium mas very slow. On the other hand, the replacement reaction in alkaline medium 
proceeded in a straightforward fashion. I t  was complete within 13 hours, and a nearly 
quantitative yield of 2-hydroxy-1-nitrophenazine was obtained. 

&'hen o-nitroaniline and methylaniline hydrochloride were allowed to react in the 
presence of fused zinc chloride according to a modified Wohl-Lange procedure (4), a 
mixture coilsisting of approximately 15% 2-aminophenazine (1) and 85% 2-N-methyl- 
aminophenazine (VIII) was obtained. Separation of the amines was achieved by chroma- 
tography. ,4cetylation of VIII provided 2-N-acetyl-K-methylaminophenazine (IX). 
Nitration of the S-methj-lamine (VIII) in concentrated sulphuric acid with nitric acid 
(70% excess) a t  temperatures below -20" resulted in the immediate formation of 
2-N-methylamino-1-nitrophenaziile (X). 

I t  has bee11 established (8-11) that  nitration of electron-deficient aza-aromatic amines 
proceeded mainly by an "indirect route", and that  in cases in which the intermediate 
nitranline was not formed, the amine resisted nitration. Since the nitration of the 

- N-methylami~le (VIII) tool.; place under such mild collditiolls, i t  was believed that 
2-~nethylamino-1-nitrophenazine (X) was produced by the intramolecular rearrangement 
of an unstable intermediate nitramine. Had a direct nitration occurred, much more 
vigorous reaction conditions would have been necessary and different products would 
likely have been formed. The  nitration of 2-aminophenazine (I) had been considered to 
proceed by the same reaction mechanism. In the case of the N-methylamine (VIII), 
however, nitration occurred a t  a much faster rate, and the reaction resulted in a higher 
yield of product, 65% versus 55%) being obtained. The increased rate of rearrangement 
was expected since 2-nitraminophenazine (I I ,  I I I )  had already rearranged readily, and 
because it had been demonstrated in the pyridine series that  introduction of a methyl 
group into the amino function decreased the stability of the intermediate nitramine in 
the rearrangement reaction. The fact that  the nitro groups in both instances, migrated 
t o  position 1 of the phenazine nucleus provided additional support for the assumption 
that  the same mechanism was operative in each case. 

The structure proposed for the methylaminonitro compound (X) was substantiated 
by the infrared spectrum, which had bands indicating the presence of an N-H group, 
a methyl group, a nitro group, and 1,2-substitution. Further evidence for the structure 
of X was obtained by its transformation to  2-hydroxy-1-nitrophenazine (VI) on treatment 
with a 1% sodium hydroxide solution. 

1-Aminophenazine (XI) was prepared a t  first by the deamination of 1,3-diamino- 
phenazine (XIS) (12). The difficulties encountered in the deamination led to an investiga- 
tion of alternative procedures for the synthesis of the amine. 1-Aminophenazine (XI) 
was reported (13) to have been obtained in a 50% yield by refluxing 2,2'-diaminodiphenyl- 
amine (XIII)  with nitrobenzene. However, no details of procedure were given in the 
report and attempts to duplicate the published results failed. After considerable effort 
had been directed toward determining the exact reaction conditions for the oxidation, 
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STAMMER AND TACRINS: PHENXZINE DERIVATIVES 23 1 

it was found that by heating the diamine (XIII) with nitrobenzene in a nitrogen atmos- 
phere, and reinoving the water formed in the reaction by distillation, 1-aminophenazine 
(XI) was obtained in a 40% yield. 

The  main mononitration product of 1-aminophenazine in concentrated sulphuric acid 
was found to  be 1-amino-4-nitrophenazine (XIV). Nitration with a 30% excess of nitric 
acid for 1 hour was complete, but a considerable amount of a substance soluble in ammonia 
was produced simultaneously with XIV. The former was assumed to  be l-nitramino-4- 
nitrophenazine on the basis of its solubility in ammonia, rapid decomposition a t  the 
melting temperature, relative stability with respect to  dilute acids, and the infrared 
spectrum of the crude product. Complete nitration of 1-aminophenazine with no detec- 
table formation of polynitro compouilds soluble in ammonia was achieved when a 70% 
excess of nitric acid was used and the reaction was terminated after 2 minutes. The 
structure of the aminonitro compound XIV was demonstrated by oxidation and reduction 
reactions, by its infrared spectrum, and by replacement of the amino group with an 
hydroxyl function. 

Oxidation of 1-amino-4-nitrophenazine (XIV) in alkaline medium with potassium 
permanganate provided quinoxaline-2,3-dicarboxylic acid. Reduction of a methanolic 
solution of the an~inonitro compound (XIV) with hydrogen and using a platinum catalyst 
resulted in a change in the color of the solution from brown to  blue to  colorless. The  
colorless solution, on exposure to  air, became blue then changed to brown, and a brown 
solid precipitated. I t  was assumed that  the final reduction product, which gave the 
colorless solution, was 1,4-diamino-5,lO-dihydrophenazine. The colorless solution was 
rapidly oxidized by air back to  the blue solution containing 1,4-diaminophenazine (XV). 
This sequence of reactioils excluded the possibility of 1,2-substitution for the amino 
nitrophenazine (XIV) , since 1,2-diaminophenazine (V) had been identified previously, 
and of 1,3-substitution because a methanolic solution of 1,3-diaminophenazine (XII) 
was red. The  behavior of the aminonitro compound (XIV) on reduction with zinc - acetic 
acid provided further confirmation of 1,4-substitution, insofar as the solution of the 
reduction product in acetic acid was violet while the solutions of the 1,2-diamine (V) 
and the 1,3-diamine (XII) were brown and green respectively. The 1,4-diaminophenazine 
(XV) was isolated froin the acetic acid solution in the form of blue needles when the 
acidic solution was rendered alkaline with ammonia in a nitrogen atmosphere. The  
substance did not melt below 300°, and in solution on exposure to air formed a brown 
unidentified product. 

Additional evidence in favor of the proposed structure was accumulated when, on 
boiling of 1-amino-4-nitrophenazine (XIV) with aqueous alkali, 1-hydroxy-4-nitrophen- 
azine (XVI), as its alkali salt, was produced. By acidifying the aqueous solution of the 

' 

alkali salt (XVI), 4-nitro-1 (5H)-phenazinone (XVII) was obtained. The alkaline solution 
of 2-hydroxy-1-nitrophenazine (VI), when acidified, gave the phenazinol tautomer 
exclusively. 

The formation of XVII as  the only solid tautomer, and the sole existence of the hydroxy 
tauto~ner of 2-hydroxy-1-nitrophenazine (VI) in the solid state, were explained by a 
hydrogen-bonding effect and formation of a stable six-membered chelate ring. The stability 
of the hydroxy tautomer in VI required the nitro group to  be located in positioil 1, 
likewise ill the case of XVII the nitro group must be in position 4. 

Confirinatory evidence for the structure proposed for the phenazinone (XVII) was 
based on the reversible transformation of the coinpound into the ammoilium salt of 
1-hydroxy-4-nitrophenaziile (XVI), the infrared spectra of XVI and XVII,  and the 
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ultraviolet spectrum of XVII in aqueous solution. The general absorptioil pattern in the 
900-700 cm-I region of the infrared spectrum of XVI was similar to that of I-amino-4- 
nitrophenaziile (XIV) and constituted a clear indication of a~lalogous structures. The 
absorption pattern in the same region for the phenaziilone (XVII),  however, was coin- 
pletely different, the two very characteristic bands a t  8 2 0 f  10 and 7 3 0 ~ t 1 3  cm-l, which 
appeared in all the other phenazines studied, being absent. 

4-Xitro-l(5H)-phenazi1lo1le (XVII) was soluble i11 water a t  25' to the extent of 0.5 
mg/ml. The  red solution, on 10-fold dilution, became yellow in color. \Then this yellow 
solution was evaporated, red crystals of XVII were recovered. In acidic ~nediuin (pH 2.0) 
the phenazinoile (XVII) was much less soluble, and the solution was red. These observa- 
tions could be explained by ail equilibrium in water solution between the phenazinone 
(XVII) and the hydroxy tautoiner in its anionic form (XVI), the pheilazinone being red 
and the anion yellow in color. This equilibrium was studied by means of ultraviolet spec- 
troscopy. The aqueous solution of phenazinone (XVII) (4.15 X lop5 mole/liter) absorbed 
at 425 1 n ~  with a molar extinction coefficieilt of 13,970; no absorption occurred a t  wave- 
lengths above 530 mp. An alkaline solutio~l of X1711 of an equivalent concentratioil gave 
the same absorption curve, and it was concluded that  a t  the given concentration, the 
phe~lazinone was already fully converted to the anion. An acidic solution of XYII (2 drops 
of 3.770 hydrochloric acid per 4 ml of solution) of the same concentratioil displayed a 
maxi~num a t  400 mp and a molar extinction coefficient of 12,050. I t  also absorbed markedly 
a t  530 mp ( E  = 3370). Assuming that the compound in acidic solution existed coinpletely 
in the phenazinone form, the absorption a t  530 mp could be used to nleasure the amount 

_ of phenazinone (XVII) present in equilibrium in water solutions of different concentra- 
tions. Because of the high absorbance exhibited by the solutions studied, the differential 
method of measurement was applied. The reference cells were filled with alkaline solutions 
of phenazinone (XVII) of the same concentration, and the differential absorbance shown 
a t  530 inp was attributed to the presence of phenazinone (XVII) in equilibrium. The 
approximate ratio of phenazinone (XVII) to anion (XVI) in a saturated aqueous solution 
of 4-nitro-l(5H)-phenazinone (XVII) was 7:93; on 5-fold dilution the ratio dropped to 
2:98, and on 10-fold dilution ilo detectable amount of XVII was found. 

In the nitrations of 2-amino-, 2-N-methylamino-, and 1-amino-phenazines, the nitro 
groups entered the a-positions of the ring. No @-substituted products were isolated, 
although in each case the @-position of the ring was available. These results were in 
agreement with those observed for other electrophilic reactions in the pheilazi~le series 
such as chlorination (14) and direct nitration (15) in which only a-substituted products 
were obtained. Such behavior provided co~lfirnlatory evidence for the theoretical pre- 
dictions which had been based on ~nolecular orbital calculatio~ls (16, 17). 

NOTE ADDED IN PROOF: A. Gray and F. G.  Holliman (Tetrahedron, 18, 1095 (1962)) 
have claimed the preparation of 1-amino-4-nitro-, 1-hydroxy-4-nitro-, and 1,4-diamino- 
phenazine. On the basis of our present work we suggest that these compounds actually 
are: 1-amino-2-nitro-, I-hydroxy-2-nitro-, and 1,2-diamino-phenazine, respectively. 

EXPERIMENTAL 

The melting points were determined in a Gallenkamp melting point apparatus and are uncorrected. The 
analyses were carried out in the C. DaesslC Laboratory, Illontreal. Infrared spectra were determined on a 
Perkin-Elmer nIodel 21 double-beam instrument equipped with a sodium chloride prism. The ultraviolet 
absorption spectra were measured by means of a Beckman recording spectrophotometer LIodel DK1. 
Neutral, activity I LVoelm aluminum oxide was used for chromatography unless otherwise noted. 
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STAMMER AND TACRIKS: PHENAZINE DERIVATIVES 233 

b-Niti.aininophenazine (11, 111) (2-Nitrinzino-(IOH)phenaziniu+~z Betaine) 
2-Aminophenazine ( I )  (200 mg;  n1.p. 279') was powdered and dissolved in concentrated sulphuric acid 

(2 ml). The brown solution was cooled to -50' and formed a thick paste. Nitric acid (0.073 ml; sp. gr. 1.42; 
70y6 nitric acid) was added a t  once, and the reaction mixture was stirred for 1-2 minutes until an  orange 
liquid had formed. The temperature rose to about -20". The solution was poured onto crushed ice (12.5 g) 
and was stirred until the ice had melted. The orange precipitate which formed was filtered, and the met solid 
cake was suspended in water (100 rnl). The addition of concentrated ammonia (16 drops) effected solution 
of the solid material and brought the pH of the solution to 8.0. The solution was filtered through a sintered- 
glass plate, then was heated to 50'. On addition of aqueous acetic acid (1:l ;  20 drops) to the filtrate, fine 
yellow needles (243 mg) separated from solution. A portion of this material (100 n ~ g )  was dissolved in water 
(200 ml) and ammorlia (6 drops) a t  75'. The hot solution was acidified with aqueous acetic acid (1:2; 15 
drops). On gradual cooling, gold needles deposited, and were isolated. X yield of 98 mg of 2-nitramino- 
phenazine monohydrate ( I I ) ,  m.p. 150-160" (explodes), was obtained. FE?z 3540, 3400, 3200, 2700, 1515, 
1315, 1300, 880, 835, 820, 765, 755, 745 cm-I. ,4nal. Calc. for ClzHsN4Or.HaO: C,  55.80; H ,  3.95. Found: 
C, 55.22; H ,  4.1656. 

2-Nitraminophenazine monohydrate (11) (100 mg) was ground and suspended in dry benzene (50 ml). 
The suspension was heated to 50' for 2 hours with occasional swirling, then approximately 35 ml of the 
benzene was distilled off under reduced pressure a t  a tenlperature not exceeding 50". 'The solid 2-nitramino- 
phenazine (111) (60 mg) was separated by filtration, 1n.p. 150-160" (deco~np.). FEZ2 3100-2700, 1510, 1320, 
1295, 880, 855, 830, 820, 790, 765, 750, 740 cm-I. Anal. Calc. for C1?HEX40?: C, 59.98; H ,  3.36; N, 23.33. 
Found: C, 59.56; H ,  3.40; N ,  23.35%. 

2-Ainin3-I-nit~ophenazine ( I  V )  
2-Nitraminophenazirie (11, 111) (0.5 g) was added gradually to concentrated sulphuric acid (5 ml) which 

had been cooled to -40'. The thick paste was stirred continuously. i$-hen all the substance had dissolved, 
the viscous brown liquid was kept in an  ice-water bath for 3 hours. The reaction ~nixture was diluted with 
ice water (200 ml), and the precipitate (90 mg) which formed mas filtered. The acidic filtrate \Tias heated to 
GO0, then neutralized with ammonia, yielding 390 mg of a yello\17-green substance. The crude nlaterial (400 
mg) was dissolved in chloroform (500 ~ n l ) ,  and the solution was chromatographed on alumina (90 g). Elutio~l 
with methanol-chloroforn~ (1:21) provided 2-amino-1-nitrophe~lazine (IV) (344 mg),  qellolv needles, m.p. 
264-265". FZExr3430, 3290, 3170, 1520, 1280, 845, 835, 802, 795, 770, 755, 740 cnl-'. Anal. Calc. for C12H502N4: 
C, 60.00; H ,  3.40; N, 23.30. Found: C, 60.25; H ,  3.43; S, 23.537;. 

I ,&-Diaminophenazine ( V )  
X suspension of 2-amino-1-ilitrophenazi~le (I\') (50 mg) in glacial acetic acid (9 ml) was prepared by 

grinding the substance with acid in a mortar. The suspension was diluted with water (1.5 ml), and zinc 
powder (excess) was added in three small portions a t  30". The mixture was shaken \ igorously; the yellow 
suspension became orange-brown and formed a clear solution. The excess zinc was filtered off and aashed 
with water (8 1111). The filtrate was made alkaline by the gradual addition of concentrated ammonia (50 ml), 
whereupon the liquid became purple and brown lustrous needles were deposited from solution. The mixture 
was refrigerated for 3 hours, then the crystalline product (41 mg) was isolated. This material after two 
sublimations (1 mm a t  130-135') provided 1,2-diaminophenazine (V), purple needles, 1n.p. 189-191". 
3390, 3300, 3170, 825, 785, 755 cm-l. Anal. Calc. for C12Hl~N4: ?.T, 26.64. Found: N, 26.68%. 

2-Amino-1-nitrophenazine (IV) (17 mg) was suspended in methanol (5 ml) and reduced with hydrogen 
in the presence of Adams' catalyst (14 mg PtO2). The suspe~lded particles dissolved and color changes from 
brown to purple to almost colorless were observed. The colorless solution on exposure to air became purple 
again and on evaporation of the solvent 13 mg of a brown solid was obtained. Subli~natio~l of this material 
provided 1,2-diaminophenazine (V) in the form of purple needles. 

2-Hyd~oxy-I-nitrophenazine ( V I )  
2-Amino-1-nitrophenazine (IV) (50 mg) was refluxed with 0.870 sodium hydroxide solution (25 ml). After 

40 minutes, the solid dissolved, forming an  orange solution. Refluxing was continued for 1 hour. The hot 
solution was filtered and treated dropwise with 3.7y0 hydrochloric acid a t  60' until the pH was 2.0. Yellow 
crystals precipitated and, after standing overnight in a refrigerator, were filtered and washed with slightly 
acid water. The material was dissolved in hot water (20 ml) to which concentrated ammonia (4 drops) had 
been added. The orange solution was filtered hot and acidified to pH 2.0 by the dropwise addition of 3.7'5 
hydrochloric acid a t  80'. After standing overnight, the yellow- needles which had precipitated were isolated. 
A yield of 46 mg of 2-hydroxy-1-nitrophenazine (VI), n1.p. 238, was obtained. FfF; 3040, 1550, 1530, 1250, 
840, 802, 755 cm-I. Anal. Calc. for C12H1N303: C, 59.75; H ,  2.93; N, 17.42. Found: C, 59.67; H ,  3.29; 
N, 17.49%. 

2-Amino-1-nitrophenazine (IV) (22 mg) was dissolved in concentrated hydrochloric acid (15 ml). The 
solution was refluxed for 24 hours, during which time the liquid changed i11 color from red to orange to deep 
brown. I t  was filtered and ammonia was added to the hot filtrate until the pH was 3.0. The yellow needles 
(6 mg) which precipitated were isolated and identified as starting material (IV). After 2 days' standing a t  
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room temperature, an  orange crystalline substance precipitated from solution. This material was isolated 
and identified by  its infrared spectrum as  2-hydroxy-1-nitrophenazine (VI), n1.p. 223'. 

b-N-Lbfethylaminophenazine ( V I I I )  
Methylaniline hydrochloride (1.45 g) and o-nitroaniline (1.40 g) were heated together. The mixture 

melted a t  80-90'; a t  135' fused zinc chloride (4.5 g) was added and the temperature was raised to 170' 
during + hour. A vigorous reaction ensued, with vapors of water and o-nitroaniline being evolved. The 
reaction subsided after a few seconds but the mixture was stirred a t  170' for 25 minutes longer. Hot  water 
(20 ml) was added carefully and stirring was continued until the mixture had cooled to room temperature. 
The aqueous layer was decanted, and the tarry residue was washed twice with mater (3 ml), then was ground 
with 2y0 hydrochloric acid (20 ml). The acidic extract was filtered and the residue on the filter mas washed 
with 0.5% hydrochloric acid. The combined filtrates were cooled and made alkaline with 207, sodium 
hydroxide (20 ml). A voluminous brown precipitate formed, which, after standing overnight, mas filtered 
and washed with water until the latter gave a neutral reaction. The brown powder (1.2 g) was sublimed. At  
a temperature up to 120' under reduced pressure, unchanged o-nitroaniline was obtained; i n  vacuo with the 
temperat~lre being gradually raised to 160°, an  orange sublimate (0.35 g) was collected. Several batches of 
the latter (1.2 g) were combined and resublimed. At 125-130°, a sublimate consisting of o-nitroaniline and 
an oily material was obtained, and a t  150-160' a mixture of orange and deep red crystals (0.77 g) sublimed. 
The latter mixture (1.76 g) was taken up in chloroform (176 ml) and filtered, leaving a residue (0.16 g) of 
2-aminophenazine (I). The filtrate was chrornatographed on alumina (450 g). Elutioil with chloroform pro- 
vided 1.43 g of orange needles. Purification of these by sublin~ation afforded 2-N-methylaminophenazine 
(VIII) ,  m.p. 199-201". FE,Bx' 3260, 855, 815, 805, 755, 750, 735 cm-l. Anal. Calc. for ClIHIlN1: C, 74.62; 
H ,  5.30; S, 20.08. Found: C, 74.73; H ,  5.64; N, 20.1670. On further elution, 2-aminophenazine (I) (90 mg) 
was recovered. 

8-N-Acet31-fV-metlzylaminophenazine ( I X )  
2-N-hIethylaminophenazine (VIII) (100 mg) was dissolved in glacial acetic acid (0.5 ml), and acetic 

anhydride (0.5 1111) was added. The solution was allowed to remain a t  room tenlperature for 24 hours, then 
was diluted mith water (2 ml) and evaporated to dryness under reduced pressure. Recrystallization of the 
residue from aqueous ethanol provided 2-N-acetyl-N-methylaminophenazil~e (IX) (75 mg), m.p. 155'. 

2980, 2900, 1665, 860, 830, 765, 760, 745 cm-l. Anal. Calc. for C I ~ H I ~ N ~ O :  S, 16.69. Found: N, 16.78%. 

a-N-dlethyla?~zino-I-nit~opIzenazine (X) 
2-h-NIethylaminophenazine (VIII) (200 mg) was dissolved in concentrated sulphuric acid (2 ml). The 

brown solution was cooled to -50' and solidified to a paste. Nitric acid (0.11 ml; sp. gr. 1.42) was added 
a t  once, and the mixture was stirred until a red liquid was obtained (10-20 seconds). The liquid was poured 
onto crushed ice (12.5 g), and the brown solution which formed was filtered. The filtrate was treated with 
ammonia a t  0' until the pH was 3.0-4.0. A brown mass precipitated; it was filtered and washed with water 
until the wash water gave a neutral reaction. The crude product (200 mg) was taken up in chloroform 
(45 ml) and chrornatographed on alumina (80 g). Elution with methanol-chloroform (1:20) and recrystal- 
lization from chloroform gave 162 mg of 2-N-methylamino-1-nitrophenazine (X), m.p. 278-280". The 
analytical sample was sublimed in uacuo a t  a temperature above 200". TE,B6 3340, 2900, 1515, 1265, 830, 802, 
800, 785, 760 cm-I. Anal. Calc. for C13H10N402: N, 22.04. Found: N, 22.14%. 

I- Anzinophenazine ( X I )  
Crude 2,2'-diaminodiphenylamine (m.p. 85-90") (20 g) was heated and stirred with nitrobenzene (200 ml). 

A stream of nitrogen (3 bubbles/sec) was passcd through the reaction vessel during the process. The reaction 
was controlled in such a way that  as the nitrobenzene slowly distilled off, i t  was replaced continuously by 
the addition of fresh nitrobenzene (Table I). \Vhen the reaction mas complete after 5 hours, the product 
(150 ml) was diluted with benzene (850 ml) and shaken with 3.7y0 hydrochloric acid (500 ml). The emulsion 
which formed was filtered and the residue was washed with the same acid (200 ml). The blue acidic layer of 
the  combined filtrates was separated from the brown benzene layer, and the latter was extracted twice with 
the acid (300 ml). The combined acidic extracts (1 1.) were filtered, diluted with water (1 I.), and boiled 

TABLE I 

Progress of the oxidation reaction of 2,2'-diaminodiphenylanline with nitrobenzene 

Time, Amount of nitrobenzene, Amount of fresh nitro- Appearance of 
hr distilled off, ml benzene added, ml distillate 

1 40 40 Yellow, cloudy 
2 55 40 Orange, cloudy 
3 48 40 Orange, slightly turbid 
4 55 40 Orange, clear 
5 52 40 Orange, clear 
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until no odor of nitrobenzene could be detected. Then the liquid (1.2 1.) was cooled and filtered. The gradual 
addition of anhydrous sodium acetate (150 g), with stirring, a t  room temperature, resulted in the formation 
of a precipitate, After standing for 3 hours in the refrigerator, the solid product was isolated. The red crystal- 
line material (9.7 g) was sublimed twice, providing 1-aminophenazine (XI) (7.76 g), red crystals, m.p. 181- 
182". Reported m.p. 179-181" (18). ijz?; 3480, 3340, 820, 765, 735 cm-l. 

1-Anzino-4-nitrophenazine (XIV) 
1-Aminophenazine (XI) (600 mg; m.p. 181-182') was ground and dissolved in concentrated sulphuric 

acid (6 1111). The solution was cooled to a paste (-50") and nitric acid (0.324 ml; sp. gr. 1.42) was added 
with stirring. The mixture was placed in an ice-water bath and stirring was continued for approximately 
2 minutes until a drop of the liquid nitration mixture when added to ice water dissolved to form a yellow 
solution. Then the nitration mixture was poured onto crushed ice (300 g). The yellow suspension obtained 
was extracted with four portions of chloroform, the temperature being maintained near 0". The chloroform 
extracts were combined (400 ml) and allo~ved to pass through a column of alumina (500 g ;  activity IV). 
Elution with chloroform provided a brown solution (600 ml) from which, on evaporation, mas obtained 
320 mg of 1-amino-4-nitrophenazine (XIV), orange needles, m.p. 281-282" (sublimes). FE,B: 3430, 3290, 1520, 
1285, 820, 802, 776, 770, 765 cnl-l. Anal. Calc. for C12H802Na: N, 23.30. Found: N, 23.117,. Concentration 
of the mother liquor provided an additional 17 n ~ g  of (XIV), m.p. 274-27S0, and when the mother liquor 
from this material was rechromatographed on alumina a further 7 mg of (XIV), m.p. 278-281°, was col- 
lected. In the latter instance, evaporation of the mother liquor to dryness left 95 mg of a brown cr) stalline 
powder, m.p. 140-145' (decomp.), which was distinguished by a strong band a t  2150 cm-I in the infrared 
spectrum. 

6-Nitro-1 (511)-plzenazinone (X V I I )  
1-Amino-4-nitrophenazine (XIV) (200 mg; m.p. 281-282') mas refluxed with a 17, solution of sodium 

hydroxide (80 ml). The solid dissolved completely after 20 minutes and the brown solution which formed 
was refluxed for another hour, then was allowed to cool slowly for 2 hours. X yellow precipitate settled out 
of solution, then redissolved when the mixture was heated to 60'. The hot liquid was filtered and the filtrate 
was acidified a t  room temperature to pH 2.0 by the dropwise addition of 3.7Y0 hydrochloric acid. After 
standing for 3 hours a t  room temperature, the red crystalline material (180 mg) which formed was isolated. 
Thg latter (75 mg) was heated to 40' with water (150 ml), cooled to room temperature, and filtered. The 
filtrate was acidified with 3.7y0 hydrochloric acid (15 ml) a t  room temperature, and allowed to stand; a red 
crystalline substallce precipitated and was isolated. A yield of 60 mg of 4-nitro-l(5H)-phenazinone (XVII), 
m.p. 200' (decomp.), was obtained. 

I-Hydrozy-4-nit7 oplzenazine Anz~nonium Salt (X VI) 
Crude 4-nitro-l(5H)-phenazinone (XVII) (50 mg) was dissolved in water (20 ml) and rendered alkaline 

with ammonia (3 drops). The solution mas filtered and treated with concentrated ammonia (14 drops) a t  
60". The mixture was allowed to stand overnight in the refrigerator. Isola t i~n of the precipitate which 
formed afforded 1-hydroxy-4-nitrophenazine ammonium salt (XVI) (22 mg) as light yellow needles, which 
decotnposed a t  280'. FEZ' 3400, 3100, 1540, 1530, 1510, 1320, 1265, 820, 805, 765 cm-l. Anal. Calc. for 
C ~ ~ H I O N ~ O ~ :  ;\TI 21.70. Found: N, 21.45yo. 

The authors are grateful to Dr. Barbara G. Ketcheson for the preparation of the 
manuscript. 
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