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methanol or absolute ethanol, crystals of VI1 separated The acetyl derivative of VI1 was prepared by boiling the 
slowly. Over a period of two weeks 0.121 g. was obtained 29 mg. of amorphous tan powder isolated from banding on 
and shown by chromatography to be pure or almost pure paper for two minutes with excess acetic anhydride and so- 
VII. After recrystallization from methanol, from which it dium acetate.24 After several recrystallizations from meth- 
separated slowly, and dissolvation a t  165-175”, i t  melted a t  anol it did not depress the melting point of v from A ,  majus 
221-223’ (recorded 225°1e*17). It resembled naringin and (see Table IV). 
naringenin in giving bright yellow colors with base and 
strong acid and a purpfish-brown with ferric chloride; 
with ethanol, magnesium and hydrochloric acid it produced 
a fuschia (red-purple) color like naringin but different from 
the orange-red of naringenin. 

(24) This acetylation was very u n r e ~ i a i > ~ e  i n  pro(i,icing a crystalline 
prod11ct. 
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$-o-Dinitrosobenzene and 4-methyl-$-o-dinitrosobenzene were quantitatively transformed by copper in hydrochloric acid 
into o-nitroaniline and a mixture of 3-nitro-4-aminotoluene (39.0%) and 3-amino-4-nitrotoluene (61.0%), respectively. 
o-Benzoquinone dioxime was isomerized by copper in hydrochloric acid, by cuprous chloride and by cupric chloride into o- 
nitroaniline. The treatment of $-1,2-dinitrosonaphthalene with copper in hydrochloric acid brought about the formation 
of nitronaphthylamines in trace amounts and a stable copper chelate. Xaphthofurazan was obtained from the chelate. 
Attempts to oxidize 9,lO-phenanthrenequinone dioxime into 9,10-+dinitrosophenanthrene were unsuccessful. 

Introduction 
An unsymmetrical furoxane structure for the 

NzOz moiety attached through nitrogen atoms to o- 
positions of an aromatic nucleus has not proved to 
be ~at isfactory.~ Renaming “furoxanes” of this 
type as $-o-dinitrosoaromatic compounds and 
adopting the use of a hybrid structure, cf. I, is pro- 
posed.4 
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(4) The deficiencies of those structures which represent true nitroso 
compounds, cyclic dioxime peroxides and those which require a 
four-membered ring of alternating nitrogen and oxygen atoms have 
been d e m o n s t ~ a t e d . ~ ~  

Whereas m-dinitrosobenzene is a true nitroso compound, the 
p-isomer is not (T. W. J. Taylor and W. Baker, Sidwick’s “Organic 
Chemistry of Nitrogen,” Oxford University Press, London, 1945 (cor- 
rected), p. 213). A similar hybrid structure for ~-9-dinitrosobenzene 
is in agreement with the paucity of inforniation which describes proper- 
ties of the  moleculean (R. Nietzki and F. Kehrmann, B e y . ,  20, 613 
(1887); see reference 14). 
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These hybrid structures for +-dinitroso aromatic compounds are 
analogs of C-nitroso dimers (C. P. Fenimore, THIS JOURNAL, 73, 

The hybrid structure is in better agreement with 
the chemical and physical properties of these com- 
p o u n d ~ . ~  It also accounts for the non-existence of 
certain structural isomers which are predicted from 
the “furoxane” representation. For example, 4- 
and 5-methyl-$-1,2-dinitrosobenzene are identi- 
~ a l . ~ ~ , ~  There is no apparent reason why hydroxy 
or primary amino derivatives of “benzfuroxane” do 
not exist5; however, recognition of tautomeric 
forms of hydroxy5” and amino dinitrosoaromatic 
compounds affords an understanding of this fact. 

Discussion 
Copper or nickel metals in acid solution trans- 

formed $-o-dinitrosoaromatic compounds into o- 
nitroarylamines. Recognition of this unique form- 
ation of a nitro compound by a reduction procedure 
followed the observation of the rapid appearance of 
color around a nickel spatula in a formic acid solu- 
tion of +o-dinitrosobenzene. 

The first reduction product of $-o-dinitrosoben- 
zene is the dioxime of o-benzquinone. Curiously 
enough this represents the only known method for 
the preparation of this dioxime.‘j It could not, 
however, be isolated from the reduction with cop- 
per in hydrochloric acid. Experiments with known 

74, 1297 (1952)). 
3226 (1950)) and 2,2-dinitrosobiphenyl (S. D. Ross and I. Kuntz, z b i d . ,  
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communication from R. J. Gaughran. Picatinny Arsenal: (c) unpub- 
lished work with U. Topgweiler. 
(6) (a) T. Zincke and P. Schwarz, Ann . ,  307, 28 (1899); (h)  A. G .  

Green and F. M. Rowe, J. Chcm. Sac., 101, 2452 (1912). 
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samples of the dioxime verified that isomeriza- 
tion into o-nitroaniline rapidly occurred in the pres- 
ence of copper in acid solution, cuprous chloride or 
cupric chloride. Presumably, the isomerization pro- 
ceeded with the formation of the chelate of the 
amphi-form of the dioxime.' Acid catalysis of this 
chelate as i t  was obtained directly from I appar- 
ently promoted the formation of o-nitroso-&phen- 
ylhydroxylamine rather than formation of the di- 
oxime or the isomerization into the chelate of the 
anti-dioxime.8 Internal oxidation-reduction then 
occurred with the isomerization into o-nitroaniline. 
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Facile dehydration of 1,2-dioximes brings about 
the formation of the corresponding furazane.'~~ 
Since benzfurazane did not react with copper in hy- 
drochloric acid, i t  was not an intermediate in the 
transformation of +o-dinitrosobenzene into o-nitro- 
aniline.I0 Naphthfurazane, on the other hand, was 
obtained from +b-1,2-dinitrosonaphthalene. The 
isolation of trace amounts of nitronaphthylamines 
indicated that acid catalysis of the copper chelate 
in this case favored the formation of a stable, pre- 
sumably anti-, copper chelateas Hydrolysis of the 
chelate by a mixture of sodium and ammonium hy- 
droxides apparently led to the formation of the di- 
oxime since steam distillation of the reaction mix- 
ture afforded the separation of naphthfurazane. 

The necessity for chelate formation in the isomer- 
ization step was demonstrated by the recovery of 
the unchanged dioxime of p-benzoquinone after ex- 

(7) Reduction of 4.5-disubstituted furoxanes leads t o  the formation 
of amphi-1,Z-dioximes (A. Angelli, Ber., 26, 527 (1893); J. Meisen- 
heimer, H. Lange and W. Lamparter, Ann.,  444, 94 (1925)). Analogi- 
cal reasoning allows the tentative assignment of amphi-configuration 
to  the dioxime of o-benzquinone obtained upon reduction of $-o-di- 
nitrosobenzene. 

(8) A. E. Martell and M. Calvin, "Chemistry of the  Metal Chelate 
Compounds," Prentice-Hall. Inc., New York, N. Y., 19.52, p. 332. 

(9) L. Wolff, Bcr., 28, 70 (1892); M. 0. Forster, J. Chcm. Soc., 83, 
54 (1907). 

(IO) Both physical and chemical properties reveal the lack of simi- 
larity between benzfurazane and ~-o-dinitrosobenzene. Strong 
infrared absorption a t  1630-1600 cm.-l attributed t o  the > b N -  
group was characteristic of the latter compound but not of benzfura- 
zane (J. H. Boyer, D. I. McCane, W. J .  McCarville and A. T. Tweedie, 
THIS JOURNAL, 75, 5298 (1958); R. J. Gaughran, J .  P.  Picard and 
J .  V. R. Kaufmao, ibid., 1 6 ,  2233 (1954)). $-o-Dinitrosobenzene 
is much more sensitive t o  nitration (P. Drost, A n n . ,  307, 49 (1899)) 
to  oxidation (unpublished work with R. F. Reinisch), and to reduction 
by hydroiodic acid (unpublished work).38 

posure to copper in hydrochloric acid. The inac- 
cessible #-9-lO-dinitrosophenanthrene was not stud- 
ied; however, a stable copper chelate was ob- 
tained from the corresponding dioxime. 

Neither syn- nor anti-benzildioxime underwent 
reaction with copper in hydrochloric acid. Both 
were oxidized readily to diphenylfuroxane. l1 The 
furoxane also was found to be unreactive toward 
copper in hydrochloric acid. Reduction to the 
amphi-dioxime' apparently involved simultaneous 
dehydration with the formation of diphenylfura- 
zane. 

In  the reduction of 4-methyl-+b-o-dinitrosoben- 
zene the formation of a mixture of isomeric nitro- 
toluidines was expected. Curiously enough the 
product (11) obtained quantitatively had a very 
sharp melting point which did not change upon re- 
peated recrystallization from aqueous ethanol or 
from chloroform. By polarographic and quantita- 
tive infrared analysis the composition of the prod- 
uct was established as 61.0Y0 of 3-amino-4-nitro- 
toluene (111) and 39.0Y0 of 3-nitro-4-aminotoluene 

Experimental12 
(IV) * 

+ - Dinitrosoaromatic Compounds.-$ - o - Dinitrosoben- 
zene, ls m .p,. 69-70 O ; +4-methyl-l,2dinitrosobenzene, 38 

m.p. 96-97 ; and +-1,2dinitro~onaphthalene,~~ m.p. 126- 
127", were prepared by the literature methods. 

Furoxanes and +dinitroso compounds have been prepared 
by the oxidation of dioximes with hypochlorite,I6 ferricya- 
nide,16 dilute nitric acid16 and nitrogen dioxide." Attempts 
to  oxidize 9-10-phenanthrenequinone dioxime,ls m.p. 196- 
200°, to  +9-10dinitrosophenanthrene with each of these 
reagents failed. 

Dioximes.-The dioxime of o-benzoquinone, m.p. 145- 
147O, was obtained by the reduction of +o-dinitrosobenzene 
with alkaline hydroxylamine.6a The dioxirne of p-benzo- 
quinone, m.p. 240" dec., was prepared from hydroquinone 
and hydroxylamine.lS Phenanthrene was oxidized to  9,lO- 
phenanthrenequinone,20 m.p. 205-207", and the ketone 
transformed into the dioxime,l* m.p. 197-200'. 

A solution of 50 g. (0.24 mole) of benzil and 50 g. (0.4 
mole) of hydroxylamine hydrochloride in 400 ml. of metha- 
nol was refluxed 3 hours. a-Benzildioxime separated from 
the cooled solution and was isolated by filtration. After 
two recrystallizations from methanol, there was obtained 
34.0 g. (59%) of a-benzildioxime, m.p. 238-240'.*' From 
the combined mother liquors, P-benzildioxime, m.p. 205- 
206°,21 was obtained in 25y0 yield upon dilution with ether. 

To a solution of 15.0 g. (0.063 mole) of a-benzildioxime 
dissolved in 100 ml. of 10% sodium hydroxide diluted with 
200 ml. of water was added 350 ml. of 1.0 N sodium hypo- 
chlorite. The precipitate which formed was filtcred, 
washed and dried giving 14.5 g. (97.3%) of diphenylfurox- 
ane, m.p. 114-115', which upon recrystallization had a con- 
stant m.p. of 118O, and checked the melting point and mixed 

(11) Insofar as the structural isomers of the type 

R-C-C-R' and R-C-C-R' 
/ \  

N I, oA(/N 
are known t o  occur the furoxane structure is correct.' 

Melting points are corrected. 
Perkin-Elmer Corporation, New Orleans, La. 

(12) Microanalyses by the Micro Tech Laboratories, Skokie. Ill. 
Infrared analyses by Mr. J.  E. Baudean, 

(13) P. A. S. Smith and J. H. Boyer, Org.  Synfheses, 31, 14 (1951). 
(14) A. G. Green and F. M. Rowe, J.Chem. S O L ,  111, 612 (1917). 
(15) G. Ponzio, Gazs., chim. ital.,  36,II ,  103 (1906); Chcm. Zen&.. 17, 
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(21) K. Auwers and V. Meyer, Ber. ,  21,  794 (1888). 
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melting point with samples prepared by the hypochlorite 
oxidation of P-benzildioxime and the nitrous acid oxidation 
of a -ben~i ld ioxime.~~ Attempts to reduce diphenylfuroxane 
with zinc and acetic acid to  y-be~izildioxirne~ were apparently 
successful; however, simultaneous dehydration to  the an- 
hydride, diphenylfurazane, m.p. 98' (lit.Z3 m.p. 94'), also 
occurred. 

TABLE I 
POLAROGRAPHIC DATA ON THE ISOMERIC NITROTOLUIDISES 

( I n ,  IV) 
i) Solution 1 3 4 r) 

n i X  I11 U.1000 0.075 0.050 0.023 0 
m J I  I\' 0 . 025 ,050 ,075 , 1000 
-El l2 ,  V. (US. S.- 

C.E.) ,754 ,764 .771 ,780 . i s 3  

TABLE 11 
ISFRARED A4BSORPTIOS DATA AT 1280 civf-' ( 7 . 7 0 ~ )  FOR 

THE ISOMERIC SITROTOLUIDINES (111, 11') 

A. Prepared Mixtures 
Sample 1 2 3 4 

111, mg./2 ml. 0 25.5 57.0 75 0 107.7  
I\T,mg./2ml. 43.6 50.0 50.0 30.0 50.0 
Absorbance 0 ,093  0.208 0.324 0 ,420  0 ,  d l9  

B. Samples of Mixture (111) 
Sample 6a 7" 8 6  !I c 

Concn. mg./2 nil. 99 .8  100.8 101.9 102.7 
Absorbance 0.257 0.258 0.275 0.280 

% 37.1 37.7 40.2 40.8 
IV, % 62.9 62.3 59 ,s  59.2 

Samples from separate reductions, recrystallized from 
chioroform. Reduction product, m.p. 77.0-78.0" after one 
recrystallization from aqueous ethanol. Reduction prod- 
uct m.p. 76.8-77.2", not purified. Data obtained from 
calibration curve prepared from the standard solutions 
(S:tmples 1-5) by plotting absorbance is. concentration. 

reached to within 1 cm. of the bottom of the flask, ammonia 
gas was introduced a t  a rapid rate as the mixture refluxed 
a t  170-180" for 23 hours. Upon pouring the hot solution 
onto 150 g. of crushed ice, 3-amino-4-nitrotoluene separated 
as orange prisms, m.p. 108-109°,26 after recrystallization 
from aqueous ethanol; wt. 1.27 g. (76.495). 

Solutions which contained a total concentration of 0.1000 
m;M of mixtures of the isomeric nitrotoluidines (111, I V )  
were prepared for polarographic analysis, The supporting 
electrolyte was 0.1 N potassium chloride and 0.01% gelatin 
served as the maximum suppressor. Half-wave potentials 
were measured against the saturated calomel electrode a t  
25.0 f 0.10' using the Fisher Elecdropode. The polaro- 
graphic data are recorded in Table I. 

Reactions with Copper in Hydrochloric Acid.-A solution 
of 0.020 mole of a +-o-dinitrosoaromatic compound in 75 ml. 
of 95% ethanol was treated with 0.030 mole of copper pow- 
der and 4 ml. of 377, hydrochloric acid. The mixture was 
stirred a t  reflux temperature for 20 hours. After cooiing and 
concentrating by evaporation, copper and copper salts were 
separated by filtration. The filtrate was treatcd mith 25 
ml. of 25y0 sodium hydroxide at 70-80" for 2 hours. After 
separating copper hydroxide by filtration the filtrate was 
placed in a refrigerator overnight. The separation of vel- 
low-orange prisms accounted for quantitative yields of o- 
nitroaniline, m.p. 69-70', from $-o-dinitrosobenzene and 
of a mixture 11, m.p. 78-79', of 3-amino-4-nitrotoluene (I11 j 
and 3-nitro-4-aminotoluene ( I V )  from 4-methyl-$-l,2-dini- 
trosobenzene. The mixture (apparently a eutectic mixture) 
was recrystallized with no change in m.p. from ethanol and 
from chloroform; addition of small portions of either pure 
isomer (111, IV) brought about higher and broader m.p.  
ranges. 

dnel. Calcd. for C7H8Nz02: C.  55.26; H, 5.30; S, 
15.41. Found: C, 55.52; H, 5.27; S, 17.15; 17.36; 
- Eli2 (US. S.C.E.) 0.770 V. a t  25.0 i 0.10'. 

For an infrared study of the mixture I1 and of the two pure 
isomers (111, TI') approximately 4% chloroform solutions 
were prepared, arid their infrared spectra recorded from 2 to 
15 p .  The spectra for I11 and IT.' were identical except for 
intense absorption a t  1280 cm.-' (7.79 p )  by 3-nitro-4-amino- 
toluene which was completely absent in the analysis of 4- 
nitro-3-aminotoluene. The absorbance at this wave length 

TABLE 111 
REACTIONS INDUCED BY COPPER OR COPPER SaLTS 

Temperature maintained a t  100' for 6 hr. 
Cu metal  or 

salt ,  g. Compound 

c u ,  1.0 
Cu, 0.03 
c u ,  0.20 
CU2C12, 1.00 
cuc12, 1.00 

cu, 1.00 
c u ,  1.50 
cu, 1.00 
c u ,  1.00 
c u ,  0.50 

o-uerizoquiiionedioxiIn e 
o-Benzoquinonedioxime 
o-Benzoquinonedioxime 
o-Benzoquinonedioxime 
o-Benzoquinonedioximc 
o Benzoquinonedioxime 
p-Benzoquinonedioxinie 
9,lO-Phenanthraquinonedioxinic 
Diphenylfuroxane 
a-Benzildioxime 
3-Benzildioxime 

Preparation of 3-Amino-4-nitrotoluene (III).-cminicr- 
cially available 3-nitro-4-aminotoluene (IV), ;n.p. 116- 
117', was oxidized with Caro acid to 3-nitro-4-nitrosotnlu- 
ene,24 147-150D, and the latter was oxidized further to 3,4- 
dinitrotoluene, m.p. 57-88",?5 using fuming nitric acid 
Into a solution of 2.0 g. (0.011 mole) of the dinitrotoluene in 
100 ml. of ethylene glycol, in a 3-necked flask fitted with a 
reflux condenser, thermometer and gas bubbling tube which ___ ~~ ~~~ . 

(2'2) E. 13ecktnniii1, Rpr.. 22,  l:!il ( l S X ! l ! .  
( 2 3 ,  K, Auwerb iiiirl V. Rlercr ,  ih i t i . .  21 ,  810 (1XYS); 22,  i l f i  

(1 589,. 

HCI 
Wt., 6. 12 N ,  ml. 

1 .00 1 .0  
1.00 1 .0  
1 . O O  1 drop 
1.00 1 . o  
1.00 1.0 
1.00 1 .0  
1.00 1.0 
1.50 1.5 
1.00 1 .0  
I .  00 1 . o  
0.50 0 50 

Product Yiel<l. "6 
o-Xitro aniline 77 
o-Nitro aniline 71 
o-Sitro aniline Trace 
o-Xitro aniline 49 .5  
o-Nitro aniline 40 .3  
Lniden. material 
Starting material 
Cu complex 
Starting material 
Starting material 
Starting material 

for mixtures of the two isomers is recorded in Table I1 (sam- 
ples 1-5). A plot of absorbance E'S. concentration provided 
ii calibration curve for the standard solutions. The constitu- 
tion of four samples (6-9) of the mixture I1 then was detcr- 
mined from the calibration curve. This gave an average ra- 
tio of 39.0% 3-nitro-4-aminotoluene ( I V )  and 61 .0% 3-am- 
inn-4-nitrotoluene (111). 

Results from a series of experiments in which various diox- 
inies and diphenylfurazane were treated with copper in hy- 
drochloric acid or with copper salts are recordecl iii Table 111. 
XEW ORLEASS, ~,OTIISIANA 


