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clusively that the structure is I, the 2,2dimethyl- 
4-methyl-6-keto-l,3dioxene. 

The proton spectrum of the liquid adduct at 
room temperature under conditions of moderate 
resolution is given in Fig. 1A. Three absorption 
lines are present, with relative intensities of 
approximately 6 : 3 : 1 suggesting immediately that 
they arise respectively from the C(CH&, CHI- 
C=C and C=CH-C groups of structure I. 
Structure I1 would be expected to  have four lines 
with relative intensities of 3 : 3 : 2 : 2 and structure 

-04 0.2 

-2 0 2 -2 0 2 
CPS CPS 

FIG. 1. THE PROTON MAGNETIC RESONANCE ABSORPTION 
spectrum of the liquid diketene-acetone adduct a t  room 
temperature, using a spinning sample with an effective vol- 
ume of 0.02 ml. A. The entire spectrum under conditions of 
moderate resolution; the total sweep in magnetic field is 
34 milligauss; sweep time, 10 sec. B and C. The line a t  a 
6 of -0.305 and the line at a 6 of $0.025, respectively, 
under higher resolution. The intensity scale for C is cne- 
fourth that for B. 

111, which has also been considered,* four lines, 
G:2: 1 : 1. The &values, referred to H20,  of the 
three lines observed are -0.335, -0.305, and 
+0.025, which agree very well with the charac- 
teristic absorption regions of CH3-C, CHI-C=C, 
and Cz=CH-C groups in compounds of known 
~ t ruc tu re .~  The enolic form of I1 is eliminated by 
similar arguments. 

Conclusive support of structure I is afforded by 
the multiplet structure,' shown in Fig. 1B and lC, 
exhibited under higher resolution by the lines 
assigned to  the CH3-C=CH-C protons. The 
CH, gi-oup resonance is a doublet while that of the 
C=CH-C group is a 1 :3:3: 1 quartet, as expected 
for a 3-proton system coupled to a single proton 
with a chemically shifted resonance.s Strurture I 

(6) H. S. Gutowsky, D. W. McCall, and C. P. Slichter, 
J .  Chem. Phvs., 21, 279 (1953). 

is the only one in which surh an interaction can 
occur. Moreover, the protons in the CH3-C= 
CH=C group are "insulated" by six chemical 
honds from the C(CH3), protons so there should 
he no splitting of the latter, again agreeing with 
experiment. 

EXPERIMENTAL 

Sample. The ronimercially available diketone aretone 
nddurt (Aldrich Cheniical Company, In (* .  1 \viis carefully 
redistilled ( h . p  6G.0-66.d0/2 mm.; nzI: 1.464) :t few days 
before the spectrnm was observed. Thr  spectra of samples 
several months old exhibited absorption in addition to 
that shown in Fig. 1 ,  indicating a small amount of deconi- 
position. There WRS no evidence in the spectrum of the newly 
distilled sample of other than the one component. 

Procedure. The apparatus and experimental procedure 
were similar to those used earlier,S with some modifications 
described elsewhere.' The spectra mere recorded a t  a fixed 
frequency of 17.735 Mc using the permanent magnet with 
a field of about 4165 gauss. The standard deviations of t.he 
measured &values are no more than f0 .01 .  
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In the course of investigating the activity of dif- 
ferent classes of phenazines against Sarcoma 37, a 
number d water-soluble quaternaries n-ere pre- 
pared by the action of dimethyl sulfate on various 
phenazines in nitrobenzene, following Kehrmann 
and Havas.2 

In general, the base was dissolved in dry nitro- 
benzene in the proportion of 5 cc. of the solvent 
per gram of phenazine. Freshly-distilled dimethyl 
sulfate (1.5 cc. per gram of phenazine) was added to 
the solution when it had been heated slightly above 
110" by means of an oil-bath a t  about 120". The 
mixture was maintained a t  105-110" for 5 minutes 
with stirring, then removed from the bath. The 
spontaneous precipitate was filtered off when the 
solution had cooled to room temperature, and was 

( 1 )  Paper V, J. Org. Chem., 21, 565 (1956). 
(2) Kehrmann and Havas, Ber., 46, :343 (1913); Cf. 

Hillemann, Ber., 71, 37 (1938). 
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Crystalline Analysesb 
From action of dimethyl 321. p. ,a form and Yield, Empirical Carbon Hydrogen 

sulfate on: “C. color % Formula Calc’d Found Calc’d Found 

Benzo [a ]phenazine (3) 167-170 (d)  Orange 44 C18HieNfOJ? 60.6 60.2 4.55 4.83 
prisms 

crystalsC 

pletely crystals 
melted 
by 300°, 
though 
black 

2-Hromophenazine (4) 147-150 (d) Brown micro- 22 ClrH1,BrN2O4S 43.7 43.5 3.42 3.57 

2-Rromo-8-methoxyphenaeine (5) Not com- Brown micro- 40 C15H15RrN20jS 43.4 43.4 3.64 4.01 

2-Chlorophennzine (6) 144-148 (d) Dark brown 52 Cl,Hl&1N204S 49.4 49.5 3.85 3.97 

2-Chloro-7-ethoxyphenaxine (7) 166-185 (d)  Short orange 30 CI~H17CIN20~S 50.0 60.5 4.45 4.74 

2-Chloro-7-methoxyphenazine ( 7 )  205-207 (d) Dark orange 50 C,5Hl&lN?05S 48.6 48.7 4.08 4.16 

2-Chloro-8-methoxyphenazine ( 7 )  171-186 (d) Short brown 45 ClsH15ClN~05S 48.6 48.3 4.08 4.30 

ZChloro-%phenylphenazine (8) 145-150 (d) Small orange 29 C~H17CINr04S 57.6 57.8 4.11 4.26 

2-Ethoxyphenazine ( 5 )  164-166 (d) Small orange 41 C16HleN~05S 54.9 54.8 5.18 5.34 

2-Fliiorophenazine (4) 124-126 (d) Brown micro- 35 ClIHI~FN204S 51.8 51.8 4.05 4.25 

2-Iodophenazine (4) 140-153 (d)  Brown micro- 40 Cl,HJN~O,S 35.9 38.8 3.03 3.41 

I-Methylphenazine (8) 140-143(d) Brown platesd 39 C15Hl,N?0,S 56.2 55.9 5.04 5.13 
2-Methoxvphenazine (6) 186-187 (d)  Yellowish- 47 C~SH~GNIO~S 53.6 53.8 4.79 4.89 

platesd 

needles 

rhomboids 

needles 

prisms 

plates 

crystals 

crystals 

brown 
plates 

a All melting points are corrected. 
under the direction of Dr. W. C. Alford. 

Analyses by the Microanalytical Laboratory of the National Institutes of Health, 
1’reripitat)ed by chilling. Precipitated by ether. 

freed from nitrobenzene by washing with anhydrous 
ether. Recrystallization was in all instances from 
absolute ethanol. The yields given in the table are 
of the spontaneous precipitates before recrystalliza- 
tion. 

When the phenazines were negatively substi- 
tuted, as by halogen, it was found advisable in a 
few instances to increase the temperature slightly, 
or to  prolong the heating for 2 or 3 minutes in order 
to  complete the reaction. In  none of these longer 
and higher temperature runs with negatively sub- 
stituted phenazines has there been observed any 
formation of the green complexes which result when 
unsubstituted phenazine is heated too high or too 
long with dimethyl sulfate.2 

In  most instances, the volume of nitrobenzene 
used has been such as to allow spontaneous pre- 

(3) Witt, Ber., 20, 575 (1877). 
(4) Vivian and Hartwell, J. Org. Chem., 18, 1065 (1953). 
(5) Vivian, Hartwell, and Waterman, J. Org. Chem., 19, 

(6) Waterman and Vivian, J. Org. Chem., 14,289 (1949). 
(7) Vivian, Greenberg, and Hartwell, J. &g. C h . ,  16, 

(8) Vivian, Hartwell, and Waterman, J .  Org. Chem., 19, 

1136 (1954). 

I (1951). 

10.11 (1954). 

cipitation of the quaternaries without the necessity 
for cooling the solutions below room temperature 
or diluting with anhydrous ether, although these 
measures have been used in a few instances, as 
shown in the table. It has not proved profitable to 
isolate additional amounts of the products by cool- 
ing or by dilution with ether, for the crude com- 
pounds so obtained generally require an inordinate 
amount of recrystallization before they are com- 
pletely water-soluble. 

No attempt has been made to determine which 
of the two nitrogens in the pyrazine ring bears the 
methyl group and the positive charge. In the in- 
stances of those phenazines with a substituent in the 
1-position, spatial considerations more or less re- 
quire the nitrogen atom which is farthest from the 
1-substituent to  be the quaternized one. It is not 
out of the question for the quaternaries in some in- 
stances to  be mixtures of both types of compounds, 
i.e., compounds in which either the 5- or the 10- 
nitrogen is quaternized. 

In the table which follows, it should be empha- 
sized that the “melting -points” given are really de- 
composition temperatures, since all of the quater- 
naries decompose on melting and undergo shrink- 
ing and darkening long before they melt. Hence too 
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much significance should not be attributed to the 
temperatures of melting given, since these, as well 
as their limits, can be made to  vary considerably 
by changes in the rate of heating. 

h R O K A T O R Y  OR CHEMICAL PHARMACOLOGY 
NATIONAL CANCER INSTITUTE 
RETHESDA 14, MARYLAND 
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Disubstituted Phenazines 
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The compounds given in this paper continue the 
illustration of the applicability of ring closure 
through the nitro group to the synthesis of several 
types of phenazines. These compounds were pre- 
pared during the course of work directed toward the 
chemistry of vital stains. 

One of the compounds described, 'i-methoxy-l- 
nitrophenaaine, is of special interest because its for- 
mation. although in lower than average yield, fur- 
nishes t,he first reported example of a ring closure 
by this method in which one nitro group remains un- 
changed :2  

0 2 N  H 

Another of the compounds reported, 2-chloro-8- 
K,K-dimethylaminophenazine, is an alternative 
intermediate for the preparation of 2-amino-8-S,X- 
dimethylaminophenaaine, which can be modified to  
form a vital stain.3 referred to in  German usage as 
"Xeutral Violet. " 

Slack and Slack4 have reported the formation 
of 2,3-dimethoxyphenazine by the same method 
given herein, but do not give the melting point and 
analysis. 

Anot,her of the compounds included in this paper, 
2,T-dihromophenazine, is also a known compound,6 
but has not been reported before as having been 
made by nit,ro-group ring closure. 

 EXPERIMENTAL^ 

7-METHOXY-1-NITROPHENAZlNE 

(n I .  2,6-Dinitr&'-methozydiphenylamine. A mixture of 25 
g. of !-1:hloro-2,6-dinitrobeiizene,~ 24 g. of p-anisidine, 37.5 

(11 Paper VI: Vivian, J. Org. Chem., 21, 822 (1956). 
(2) Efforts to prepare I-nitrophenazine by nitro group 

ring r lo~ure with 2,6-dinitrodiphenylamine have so far 
yielded ri' l  definite product. 

(3) Xivian and Belkin, Nature, in press. 
(4) Slack and Slack, Nature, 160, 437 (1947). 
(5) Barnburger and Ham, Ann., 382, 106 (1911). 
(6) ,411 melting points reported by the author arc cor- 

(7) Or$.  Syntheses, 32, 23 (1952). 
reatw? 

g. of sodium aretate trihydrate, and 375 cc. of 95% ethanol 
was refluxed for 16 hours. The precipitate formed on cooling 
to room temperature was washed once with 123 cc. of 
ethanol, then with water, and air-dried. The drill, brick- 
red crude 80 obtained weighed 32.6 g. (9l%), and on re- 
crystallization from absolute alcohol formed small, yellow- 
ish-red needles, m.p. 171-173". 

Anal.' Calc'd for Cl*HI1NdO~: C, 54.0; H, 3.81. Found: 
C, 53.9; H, 3.80. 

( b ) .  7-Mebxv-l-nitrovhzine.  When a mixture of 1.0 
g. of crude 2,6-&nitrd~'-methoxydiphenylamine, 1 3 g. of 
ferrous oxalate dihydrate, and 10 8. of granulated lead was 
heated in an open flask in an oil-bath a t  250-262" for 20 
minutes, no internal temperature riRe above that of the bath 
occurred, Vacuum sublimation from the entire reaction mix- 
ture gave 0.15 g. of greenish-yellow needles, n1.p. 233- 
236'. 

Anal. Calr'd for Cl~HoNJOs: C, 61.2; H, 3.55, Found: 
C, 61.3; H, 3.61. 

2-CHLORO-&N,N-DIMETHYLAMINOPHENAZINE 

(a). 4-ChIor&'-N, Ndimeth ylamino-2-nitrodiphenylamine. 
A mixture of 76.5 g. of N,N-dimethyl-p-phenylenediamine, 
96.0 g. of 2,5-dichloronitrobenzene, and 90 g. of anhydrous 
sodium acetate waa heated for 40 hours in an oil-bath at 
195-210". Steam-distillation to remove unchanged dichloro- 
nitrobenzene was followed by the addition of 100 cc. of 
HC1, and further steamdistillation until all arid was 
removed. Extraction of the residue with ether after air- 
drying gave about 60 g. of very crude, semi-soft product, 
which was nevertheless satisfactory for ring closure. Re- 
crystallization from alcohol (Norit) gave brick-red micro- 
crystals, m.p. 144-146'. 

Anal. Calc'd for CI,H,,ClN3O2: C, 57.7; H, 4.84. Fonnd: 
C, 57.6; H, 5.08. 

(b ) .  &Chhe8-N,Ndimelhylarninophenazine. When 1 .O g. 
of the preceding crude compound was heated for 10-15 
minutes with 1.3 g. of ferrous oxalate dihydrate and 10 g. 
of granulated lead, in an open flask immersed in an oil-bath 
a t  250-260", vacuum sublimation of the whole reaction mix- 
ture yielded O.* g. of crude product. Recrystallization from 
ethanol gave brownish-red needles of the 2-chlorc-%N,N- 
dimethylaminophenazine, m.p. 194-195". 

Anal. Calc'd for C14HltClNI: C, 65.3; H, 4.70. Found: C, 
653; H, 4.92. 

2,3-DlMETHOXYPHENhZINE4 

(a). 4,6-Dimethozy-&nitrcdiphenylamine. A mixture of 20 
g. of 4,5-dinitroveratrole,g 24.5 g. of aniline, and 40 cc. of 
absoluta alcohol was refluxed for three weeks, and the 
unreacted material was removed by steam-distillation. 
Chromatography on alumina from a benzene solution gave 
17.4 g. of dull red-orange crude product melting at 111- 
117'. Three recrystallizations from 95% alcohol gave 
orange needles, m.p. 120.5-121.5', Lit.,lo 91'. 

Anal. Calc'd for C14RwNt04: C, 61.3; H, 5.14; N, 10.2. 
Found: C, 61.5; H, 4.83; N, 10.2. 

( b ) .  2,3-Dimethozyphennzine. A mixture of 2.0 g. of 4,5- 
dimethoxy-2-nitrodiphenylsmine, 2.6 g. of ferrous oxalate 
dihydrate, and 20 g. of granulated lead gave 0.43 g. of crude 
2,3-dimethoxyphenazine on vacuum sublimation after 15 
minutes' heating in an oil-bath a t  255-260". During the 
reaction the internal temperature rose to a maximum of 320". 

(8) Microanalyses by the Microanalytical Laboratory of 
the National Institucs of Health, under the superv&ion 
of Dr. W. C. Alford. 

(9) Erlich and Bogert, J .  079. Chem., 8, 331 (1943). 
(10) Hughes, Lions, Maunsell, and Wright, J .  Proc. Roll. 

SOC. A'. S. Wales, 71, 428 (1088). 


