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water. Upon agitation the iodine color began to fade. 
After several minutes an additional 35 mg. of silver oxide 
was introduced and upon shaking a further decrease in the 
iodine color was noted. Addition of 20 mg. more of silver 
oxide caused no visible effect. The silver salts were filtered 
off and washed with methanol. The combined filtrate and 
washes were treated with 40-45 drops of aqueous 0.1 hi so- 
dium thiosulfate solution, then poured into 130 ml. of ice- 
water from which a white precipitate of the product sepa- 
rated. After refrigerating it was filtered off and purified by 
dissolving with stirring in 50 ml. of aqueous 1% sodium 
hydroxide solution. A little Norit A was added and the mix- 
ture was filtered. After addition of some ice to  the filtrate, 
the bromoiodopyrrole was precipitated by acidifying gradu- 
ally with glacial acetic acid until no more precipitate formed. 
The mixture was refrigerated overnight, then filtered to  give 
452 mg. or 72% of crude product melting a t  114-120' with 
some softening beginning a t  about 110'. Recrystallization 
from warm ethanol-water afforded 309 mg. of product 
melting a t  120-121", and recrystallization of the crude re- 
covered from the mother liquor gave an additional 21 mg. of 
product melting at 119.5-120.5'. Total yield of thus puri- 
fied product, 330 mg. or 53%. One subsequent recrystalli- 
zation from warm ethanol-water afforded the analytically 
pure bromoiodopyrrole melting a t  121-122". 

Anal. Calcd. for C&~O~NBrT: C, 26.84; I € ,  2.53 .  
Found: C, 26.90; H, 2.25. 

Mixed melting points with the 2-bromo-3-rnethyl-4-car- 
bethoxy-5-iodopyrrole from XI11 showed no depression. 
Mixed melting point with I11 (5.8 mg. of I1 + 1.1 mg. of 

2,5-Dicarboxy-3-methyl-4-carbethoxypyrrole (XIV) .sb,d- 

This was prepared by the alkaline hydrolysissb of 2,l-dicar- 
bethoxy-3-methyl-5-carboxypyrrole. I t  was found advan- 
tageous to extend the reflux period to 3 hours. The product 
was twice recrvstallized from acetone-water before utilization 

111), 117-121'. 

in the next reaction. 
2.5-Diiodo-3-methvl-4-carbethox~pyrrole (XV) .--Seven 

and three-tenths grams of sodium fik-arbonate and 8.0 g. 

of 2,5-dicarboxy-3-methyl-4-carbethoxypyrrole were dis- 
solved by stirring with 325 ml. of water. A solution of 17.9 
g. of iodine and 23 g. of potassium iodide in 145 ml. of water 
was then added dropwise with stirring during 65 minutes. 
At first a white precipitate of the diiodopyrrole formed 
rapidly, then a dark-colored foam accumulated gradually 
atop the reaction mixture, preventing efficient mixing of the 
reactants. Considerable additional water was introduced 
and the mixture was stirred manually a t  intervals while the 
reaction proceeded nearly to completion during several 
hours. The product was finally filtered off, washed and 
dried in vacuo. Yield 12.5 g. or 93% of crude product melt- 
ing a t  147-151' with decomposition. The substance was 
recrystallized for analysis from warm ethanol-water; m.p. 
151-152.5' with decomposition. 

Anal. Calcd. for CBHOO~SIE: C, 23.72; H, 2.24. 
Found: C, 23.86; H, 2.56. 

3-Methyl-4-carbethoxypyrrole ( VI).6J-The catalyst for 
the reduction was prepared by hydrogenation of a mixture 
of 17.0 g. of 10% palladium chloride solution, 40 ml. of 
water and 10.2 g.  of Norit A for one hour, a t  35 lb. gage pres- 
sure. The catalyst was filtered off, washed well with water, 
then methanol, and transferred to a hydrogenation bottle. 
Eight grams of magnesium oxide, 40.5 g. (100 mmol.) 
of crude 2,5-diiodo-3-me thyl-4-carbethoxypyrrole and 135 
ml. of methanol were then added, and the mixture was hy- 
drogenated for 48 hours during which time gage pressure 
dropped from 39.7 to 24.3 lb. of hydrogen, corresponding to 
an uptake of approximately 0.2 mole of hydrogen. After 
addition of a little sodium bisulfite to prevent reoxidation 
of the iodide ion, the catalyst was removed by suction, then 
gravity filtration. Gradual addition of the pale yellow 
filtrate to  775 nil. of ice-water caused the product to sepa- 
rate as a solid. After refrigerating overnight, the crude 3- 
methyl-l-carbethoxypyrrole was filtered off; weight 12.7 
g. ,  m.p. 74-75'. A second crop melting at 73-74' was ob- 
tained by freezing, then thawing the filtrate; total yield 
13.1 g. or 86% of product. 
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Pyrido-2,3-furoxane (I1 j has been prepared by the pyrolysis of 8-nitropyridotetrazole (IV). A quinonoid structure with 
an unsymmetrical arrangement of the No02 group for I1 and related furoxanes is in agreement with both analysis of infrared 
spectra and revised pdrachor values 

Inasmuch as certain derivatives of benzfuroxane 
(I), e.g., 5-(or G)-methylbenzf~roxane,~ 5-(or 6)- 
chloroben~furoxane~ and naphtho- 1 ,2-furoxane3 fail 
to exist in isomeric forms as required by the gener- 
ally accepted quinonoid structures, it is recognized 
that these representations do not adequately de- 
scribe furoxanes of this type. Not only does py- 
rido-2,3-furoxane (11) offer a new example in which 
there appears to be the possibility for two modifica- 
tions but it also illustrates the hitherto unreported 
fusion of a heterocyclic aromatic ring to the furox- 
ane moiety. In addition the synthesis of this com- 
pound has afforded preliminary investigations on 
the pyrolysis of pyridotetrazoles, and has offered 
the possibility of studying an azaquinone structure. 
Apparently the only previously reported example 

(1) This work was supported by 0. 0. R. Contract No. DA-20-018- 
Presented at  National Meeting, A.C.S., Los Angeles, ORD-11814. 

CAf. ,  March, 1953. 
(2) Chemistry Department, Tulane University, New Orleans, La. 
(3) A. G. Green and F. M. Ruwe. J .  Chem. SOC., 103, 897 

(1913). 

of this type of compound is 3-aza-o-benzoquinone* 
(111) prepared by the oxidation of 2,3-dihydroxypy- 
ridine. Certain potential hydroxyazaquinones ex- 
ist in the keto modification, e.g., alloxan, tetraketopi- 
perazine and phthalonimide. 

0 ? 4 

I I1 111 

Syntheses of pyridotetrazoles have consisted in 
reactions which would appear to yield the isomeric 
a-pyridyl azides, e.g., the displacement of halogen 
by the azido group5 or the action of nitrous acid 
upon the hydrazino group.6 If possible, utiliza- 

(4) K .  Kudernatsch, Moiralsh., 18, 613 (1897); 0. V. Schickli, A. 

( 5 )  J. V. Braun and W. Rudolph, Ber., 74, 264 (1941). 
(0) R. G. Fargher and R.  Furness, J. Chcm. SOC., 108, 688 (191.5). 

Binz and A. Schulz, Bcr., 69, 2.593 (1936). 
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tion of the corresponding diazotized aminopyri- ment of the NzOz group in this case was demon- 
dine would be more direct. The action of hydrazoic strated by the existence of structural isomers for 
acid upon diazotized a-aminopyridine, however, led those derived from unsymmetrical dicarbonyl com- 
only to a-pyridone. From a mixture of concen- pounds.l0 Hammickg has considered that para- 
trated ammonium hydroxide and a perbromide of a- chor values supported the quinonoid structure for 
pyridyldiazonium bromide both a-bromopyridine benzfuroxane and &(or 6)-methylbenzfuroxane. 
and a-pyridone but no pyridotetrazole were found. A preference for the unsymmetrical representation 

-4 reinvestigation of the application of the halo- is indicated by revised calculations (Table I) ac- 
gen-azide interchange to 3-halopyridine and its 3- cording to Samuel's unit parachor values," and is 
and 3-nitro derivatives was then undertaken. Prep- supported by analysis of the infrared spectra of 
aration of 3-nitro-2-pyridone by low temperature benzfuroxane, 5,6-tetramethylenebenzfuroxane and 
nitration of a-pyridone' proved more convenient pyrido-2,3-furoxane (Table 11). Strong absorption 
than diazotization of 3-nitro-2- 
aminopyridine followed by hydroly- 
sis.* The latter method applied PARACHOR VALUES 

TABLE I 

to 5-nitro-2-aminopyridine was em- 0 0 
ployed for the synthesis of 5-nitro- t t 
pyridone. Phosphorus pentachlo- / NN\ / YN\o CH3 // YN\ 
ride in phosphorus oxychloride 

brought the nitropyridines about the transformation into correspond- of o \ N / ?  O\i-,J/' H i O \ N / ?  

262.0 311.6 301 .O  ing chlorides. A previous report p (calcd.)" 272.6 

claimed that 3-chloropyridine re- p (obsd,Jb 274.3 311.4 
acted with hydrazoic acid (but not 
with sodium azide) in a sealed tube 
a t  Pyridotetrazole and its 6- 

Calculated according to unit parachor values reported by Samuel.11 
b Reference 9. 

and 8-nitro -derivatives have now been prepared 
from the corresponding halides and hydrazoic acid 
in refluxing aqueous ethanol. 

Each of the three tetrazoles underwent the loss 
of nitrogen when brought to temperatures between 
160 and lSOo. The products from pyridotetrazole 
and 6-nitropyridotetrazole were amorphous, high- 
melting, red solids which have not been identified. 
When heated by itself or in an inert solvent, e.g., 
diphenyl ether, 8-nitropyridotetrazole (IV) af- 
forded a quantitative yield of pyrido-2,3-furoxane 
(11) ; however, a red, amorphous solid by-product 
also was formed if the pyrolysis was carried out a t  
higher temperatures. Typical furoxane proper- 
ties of the monomeric product included reduction 
by sodium sulfide to 2,3-diaminopyridine, oxidation 
of hydroxylamine in alkaline solution, reaction with 
bromine, and liberation of iodine from hvdroaen 
iodide. In agreement with the unsymmetrical 
benzfuroxanes cited above, only one isomer of py- 
rido-2,3-furoxane was obtained. 

S = N  
IV 

Chemical and physical properties are in agree- 
ment with a quinonoid structure for benzfuroxane 
and related furoxanes; however, differentiation 
between the symmetrical and unsymmetrical ar- 
rangement of the NtOz group is not yet possible. 
A strong similarity with the furoxanes obtained 
from the dioximes of linear dicarbonyl compounds 
has been notedg The unsymmetrical arrange- 

(7) R. R. Bishop, E. A. S. Cavell and N. B. Chapman, J. Chcm. 

(8) A. E. Tschitschibabin and I. G. Blynkin, Chem. Zenfr . ,  94, 111, 

(9) D. L. Hammick, W. A. M. Edwards and E. R. Steiner, J. Chcm. 

Sac., 437 (1952). 

1020 (1923); 86, 1066 (1915). 

Soc., 3308 (1931). 

TABLE I1 
INFRARED ABSORPTION DATA4 

C M . '  
No. Compound 

1 Benzfuroxane (I)  
2 5,6-Tetramethylenebenz- 

furoxane 
3 Pyrido-2,3-furoxane (11) 
4 Pyridotetrazole 
5 6-Nitropyridotetrazole 
6 8-Nitropyridotetrazole 

(IV) 

IN THE REGION 1400-1700 
- 1  

Strong absorption, cm-1 

1630,1600,1545,1500 

1630,1605,1545,1490 
1630,1545 
1660,1520 
1645,1565,1540,1500,1470 

1640,1540,1470 
Samples 1-4 were analyzed by a Baird Associates double- 

beam infrared spectrophotometer with a sodium chloride 
prism from 5% solutions in carbon tetrachloride or chloro- 
form. We are indebted to Samuel P. Sadtler and Son, 
Inc., Philadelphia, Pa., for the analyses of samples 5 and 6 
which were determined from the Kujol mull of each. 

a t  1630-1600 cm.-' is attributed to the >C=N- 
group,12 while absorption a t  1545-1540 em.-' is 
close to 1555 cm.-l, a characteristic band reported 
for dimeric nitroso compounds and nitro groups. w 1 3  

Experimental l4 

w e r i d o n e  was prepared and nitrated according to the 
procedures of Bishop, Cavell and Chapman? and of Maier- 
Bode and Binz.lt The major product was 3-nitro-2-hydroxy- 
pyridine, with smaller amounts of 3,5-dinitro-2-hydroxy- 
pyridine. 

a-Aminopyridme was nitrated according to the method of 
Kornfeld and Caldwell.16 The major product was &nitro- 
2-aminopyridine, with traces of 3-nitro-2-aminopyridine. 

(IO) J. Meisenheimer, H. Lange and W. Lamparter, Ann . ,  444, 94 

(11) R. Samuel, J .  Chcm. P h y s . ,  18, 167 (1944). 
(12) H. M. Randall, R. G. Fowler, N. Fuson and J. R. Dangl, 

"Infrared Determination of Organic Structures," D. Van Nostrand 
Co., Inc.. New York, N. Y., 1949, p. 43. 

(13) J. Goubeau and I. Fromme, Z .  anarg. Chem., 858, 18 (1949). 
(14) M d i n g  points are not corrected: microanalyses by the Micro- 

(15) A. Binz and H. Maier-Bode, Angew. Chem., 49, 486 (1936). 
(16) W. T. Caldwell and E. C. Kornfeld, TAIS JOURNAL, 64, 1695 

(1925). 

Tech Laboratories, Skokie, Illinois. 

42). 



The compounds were transformed into the corresponding 5- 
nitro-2-chloropyridine'" and 3-nitro-2-chloropyridine8 i~c- 
cordiiig to Tschitschihahin's mcthod. 

Reactions with e-Aminopyridine (I).--1nto a 3-neckeri 
round hottomed flask equipped with a stirrer, dropping fun- 
r i r l  and thermometer were added with stirring 80 ml. of 48% 
hytlrohroniic acid (0.8 mole) ;tnd 15 g. (0.16 mole) of N- 
:tminopyridinc. Urotniric, 24 1111. (0.48 mole), was added 
dropwise with stirring and extcrnai cooling to 0-10'. The 
solution became turbid and the solid orange amine perbro- 
mide separated. A solution of 27.5 g. (0.40 mole) of sodium 
nitrite in 40 ml. of water was added to the cold solution. 
There mas a vigorous evolution of gas and heat. A heavy 
oily layer which separated was washed with ice-water and 
treated with an excess of 10% ammonium hydroxide. The 
solution was extracted with ether, dried and the ether re- 
moved by evaporation. Upon standing, a-pyridone sepa- 
rated from the dark oily residue and was isolated by filtra- 
tion, 1.0 g., m.p. 95-98'. The oil, upon distillation, b.p. 
83" (18 mm.), was identified as a-bromopyridine, 8.5 g. 
(377,), f i z o ~  1.5710 (lit." ~ 2 0 ~  1.5713). 

11.-A solution of 10 g. (0.1 mole) of a-aminopyridine 
(IIIa) in 200 nil. of 25% sulfuric acid was cooled to 0". 
To the cold solution a concentrated solution of 20 g. (0.3 
mole) of sodium nitrite in 80 ml. water was added slowly. 
After a few minutes a solution of 10 g. (0.15 mole) of sodium 
azide in 75 ml. of water was added in small portions. Dur- 
ing this operation there was a vigorous evolution of nitrogen 
gas. The solution was then made basic to litmus by adding 
solid sodium bicarbonate, and the insoluble inorganic salts 
were separated by filtration. The aqueous filtrate was then 
evaporated to dryness in an air stream and the residue was 
extracted with ethanol. Evaporation of the alcohol solu- 
tion to dryness was followed by extraction of the residue with 
benzene. Precipitation of the product by adding low-boil- 
ing petroleum ether permitted the isolation of 4.8 g. (49%) 
of a-pyridone, m.p. 104-106". 

Preparation of the Tetrazo1es.-A 10% aqueous alcohol 
solution of an or-halopyridine (0.01 mole) was mixed with 
an aqueous alcohol solution of sodium azide (0.02 mole) in a 
round-bottomed flask equipped with a reflux condenser. 
After careful addition of 5 ml. of 10% hydrochloric acid, 
the solution was refluxed for 30-45 hours. Concentration 
of the volume of solution by distillation, followed by cooling, 
brought about separation of solid tetrazoles which were 
recrystallized from alcohol acidified with a few drops of 
mineral acid: pyridotetrazole, colorless, m.p. 156-158°,6 
69% yield from a-bromopyridine; 6-nitropyridotetrazole, 
light yellow, m.p. 138-140' dec.,18 74% yield, from 2- 
chloro-5-nitropyridine; 8-nitropyridotetrazole, light tan, 
m.p. 167-168" dec., 81% yield, from 2-chloro-3-nitropyri- 
cline. 

Anal. Calcd. for CsH3Ss02: C, 36.37; H, 1.83; N, 
42.42. Found: C, 36.45; H,  1.98; N, 42.37. 

Pyridotetrazole was recovered unchanged from sulfuric 
acid heated to 120' and there was no visible decomposition 
of 6-nitropyridotetrazole by sulfuric acid a t  100'; however, 
8-nitropyridotetrazole decomposed under these conditions. 
IVarm alcoholic potassium hydroxide decomposed 6-nitro- 
pyridotetrazole. Pyridotetrazole is soluble in most organic 
solvents with the exception of carbon disulfide. The nitro- 
pyridotetrazoles are, however, practically insoluble in ben- 
zene, carbon disulfide, dioxane, carbon tetrachloride, chloro- 
form and petroleum ether; they rapidly develop colored 

(17) H. J. den Hertog and J. P. Wihaut,  Rec. trav.  chirn., 51, 381 
(1932). 

( 1  8 )  0. Bremer, Ann., 539, 276 (1939). 

~ . _ _ _ _ _ _ _  

solutions in pyridine, N,K-dimethylformamide and alcoholic 
alkali; they are very soluble in acetone and in acetonitrile. 

Pyrolysis of Pyridotetrazole and 6-Nitropyridotetrazole 
Decomposition in decalin, diphenyl ether or without solvent 
yielded primarily reddish-hrown solids which did not melt 
helow 220". These compounds have not been charactcr- 
iz td ,  and are apparently polynicric. 

Pyrolysis of 8-Nitropyridotetrazole.-1ii a 12-nil. cctitri- 
fuge tube was placctl 0 . 5  g. of 8-nitropyridotetrazole. The 
tetrazole was decomposed in a constant temperature bath 
of refluxing m-dichlorobenzene (170') and was heated a t  
this temperature for 10 minutes after the initial vigorous 
reaction had subsided. After cooling to room temperature, 
the thick red liquid product was extracted twice with 5-ml. 
portions of anhydrous ether, leaving a reddish-brown resi- 
due (less than 10 mg.) which did not melt below 220'. 

The ether extracts were evaporated to dryness, yielding 
0.40 g. (97%) of pyrido-2,3-furoxane as yellow crystals, 
m.p. 52-53' to amber melt. 

Anal. Calcd. for C5H3S302: C, 43.80; H, 2.21; N, 
30.65; mol. wt., 137.09. Found: C, 43.86; H,  2.52; 
S, 31.32; mol. wt. (Rast), 133, 136. 

Reduction of Pyrido-2,3-furoxane.-A solution of 0.5 g. 
(0.004 mole) of pyrido-2,3-furoxane in 25 ml. of methanol 
was treated with 8.0 g. of sodium sulfide nonahydrate and 
1.0 g. of sodium bicarbonate in 20 ml. of water. There was 
an immediate formation of a deep red color. The reaction 
mixture was allowed to reflux for 12 hours. An equal vol- 
ume of water was then added and the mixture was filtered 
to remove traces of sulfur and undissolved inorganic salts. 
The dark red solution was evaporated to  dryness and the 
residue upon recrystallization from ethanol afforded 0.08 g. 
(17% yield) of 2,3-diaminopyridine, m.p. l12','9 plus an 
unidentified oily product which may be pyrido-2,3-furazane. 

Benzfuroxanezo was prepared from o-nitrophenylazide. 
2-Azido-J-nitrotetralin.-A solution of 15.5 g. (0.066 

mole) of 2-acetylamino-3-nitrotetralin*1 in alcoholic hydro- 
chloric acid was refluxed, for 15 minutes on the steam-cone. 
After cooling the solution to 0-5" in an ice-salt-bath it was 
treated with 4.55 g. (0.066 mole) of sodium nitrite in 10 ml. 
of water and allowed to stand with intermittent stirring for 
half an hour. To the cold filtered solution of the diazonium 
salt was added 4.42 g. (0.066 mole) of sodium azide in 10 
ml. of water. Almost immediately 2-azido-3-nitrotetralin 
separated as a yellow solid, which upon recrystallization 
from ethanol separated as orange needles, m.p. 84-86', 
wt. 13.1 g. (91.4% yield). After two more recrystalliza- 
tions the melting point was constant a t  85-86'. 

Anal. Calcd. for C ~ O H ~ O N ~ O ? :  C,  55.04; H, 4.62. 
Found: C, 56.42; H, 4.59. 
5,6-Tetramethylenebenzfuroxane.-A solution of 1.0 g. 

(0.005 mole) of 2-azido-3-nitrotetralin in 100 ml. of xylene 
(b,p. 137-140') was heated between 110 and 120" for one 
hour or until nitrogen evolution (which was first detected a t  
107') ceased. Evaporation of the solvent left a solid residue, 
of 5,6-tetramethylenebenzfuroxane, which after two re- 
crystallizations from ethanol separated as orange plates, 
m.p.  106-107", wt. 0.8 g. (92% yield). 

Anal.  Calcd. for CloHloNzOz: C, 63.15; H, 5.30; ?J, 
14.73. Found: C, 63.52; IT, 5.53;  S, 14.73. 
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