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Some Nitropyridine Derivatives' 
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During the study of possible synthetic routes to 
a pyridine analog of Chloromycetiti2 several nitro- 
pyridine derivatives were prepared. 5-Xitropyri- 
dine-2-carboxaldehyde was prepared by the sele- 
nium dioxide oxidation of 2-methyl-5-nitropyridine 
but the yield was low and this approach was not 
followed further. 2-Nitropyridine-2-carboxylic acid 
was prepared and its esterification and subsequent 
use in ester-type condensations was investigated. 
The 2-nitro group proved t o  be very labile t omrd  
nucleophilic substitution. It was replaced by chloro, 
hydroxy, methoxy, and amino groups with case. 

Because of this, successful Claisen ester type con- 
densations of methyl 2-nitropyridine-5-carboxylate 
were not realized. 

The reactioii of 2-nitropyridine-5-carboxylic acid 
with sulfuric acid in ethanol, or hydrochloric acid 
in methanol, led to the displacement of the 2-nitro 
group by the hydroxyl or chloro group, in addition 
to esterification. Displacement also occurred when 
2-nitr0pyridine-~~-carboxylic acid was heated in 
aqueous sulfuric or hydrochloric acid. The synthe- 
sis of methyl 2-nitropyridine-&carboxylate was 
achieved by the use of diaeomethane. In  attempts 
to condense methyl 2-nitropyridine-5-carboxylate 
with ethyl acetate in the prcsciicc of sodium meth- 
oxide, thc product obtaiiied mas methyl 2-methoxy- 
pyridine-5-carboxaldehyde. 

1)isplacemetit of the %nitro group has been rc- 
ported in the rcactioiis of potassium hydroxide and 
sodium ethoside with 2-~itropyridine," hydrobromic 
acid with 2-nitro-5-ethoxypyridirie aiid 2,B-dini- 
tro-3,5-dicthoxypyridiiiel4 acetyl chloride and 2- 
nitropyridine-N-oxide15 and ammonia with %nitro- 
5-bromopyridine and 2-nitr0-5-ethoxypyridine.~ 
Similar reactions of 4-nitropyridine derivatives have 
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been reported.387 No reports of the displacement of 
R h i i t ro  group from the pyridine ring mere found. 

The similarity in substitution reactions of many 
pyridine compounds mid the corresponding nitro- 
benzene derivatives is well known.8 Displacements 
of nitro groups from tri- and tetra-nitrobenzene un- 
der strong acidic conditions arid of nitro groups from 
dinitro- and dinitrohalo-benzenes by basic reagents 
have been reviewed.$ Such reactions are in contrast 
t o  the inert character of mononitrobeneenc deriva- 
tives towards such displacement reactions. The 
reactivity of the 2-nitro group in the pyridine ring 
is readily rationalized according to the general 
mechanism of aromatic nucleophilic displace- 
men t~ .~ - "  

EXPERIMERTTAL'~ 

~ - M e t h y 1 ~ - - 7 L i t r o ; o y r ~ d ~ ~ e . l 3  To a solution of diethyl 
malonate (41.0 g., 0.20 mole) in anhydrous ttt,her (500 ml.) 
was added sodium hydride (6.2 g., 0.26 mole) undcr a nitro- 
gen atmosphere. When t,hc evolution of hydrogen had sub- 
sided, Zchloro-5-nitropyridirie~* (40.0 g., 0.26 mole) was 
added with stirring, followcd by the rcmoval of cthcr by 
distillation. The red, tarry residue was hcated by an oil 
bath to  110' for 1 hr., then refluxed in 12 X sulfuric acid 
(300 ml.) for 9 hr., during which t,imcl the product was re- 
moved by cont,inuous stcam distillation. This was sworn-  
plished by placing a reflux condenser almost horizontally, 
allowing the solid to  rcmain in the condcnscr while the 
water flowed back int,o t,he flask; the white orystalliiic 
product, 2-methyl-5-nitropyridinc (23.1 g., 05% yield), 
melted at 108-110'. 

B-iVilrop:/r~ine-2-carboxaIdeh!~d~. Tho oxidation of 2- 
methyl-5-nitropyridine to the aldehyde was accornplishcd, 
after extensive exploration, by a proccdurc similar to that 
of Uaumgarten,16 who reported the preparation of R-nitro- 
pyridine4carboxaldehydc. 2-,\lcthyl-5-nitropyridj1ie ( 1.00 
g., 0.0072 mole) and frctshly prcpnrttd sc.leriium dioxide 
(0.80 g., 0.00f2 mole) wcrc dissolved in cthanol (20 ml., 
95y0) and refluxed for 5.5 Iir. Some I)lac:lc solcniuni (0.10 g.) 
was removed by filtration. Xylene (30 nil.) was added anti 
the cthariol was removed by distillation ovcr a t a u  hour 
period. A tarry precipitate (0.63 g.) containing selonirim 
was removed by filtration and the filtratc was extracted with 
L V  hydrochloric acid ( 3  X I5 nil.). The cxtract was filtcrcti 
through Cclite and madc basic wit.h eodirini bicarl)onatc, 
filtcrcd again t,o rcmove a small aniount of rod precipitato 
arid thc filtrak oxtraotcd with chloroform ( 3  X 20 ml.). 
The cxtract was dried ovcr anhydrous mttgncsiuni sulfate, 

(7) 1'. IC. Cislak, Znd. Eng. (:hein., 47, 800 (1055). 
(8) H. S. Mosher, "The Chemistry of the. I'yritlinrs" in 

JCltlerficld, Heterocyclzc Compourids, Vol. I, John Wilcy and 
Sons, Itic., Sew York, 1950, p. 408. 
(I)) J. F. Bunnctt and It. E. Zahlcr, Cheut. Rev.,  49, 281 

(10) C. I<. Ingold, Structtcw and Methanisin in Organic. 
Chemzstiy, Corncll Univ. I'rcss, I thaw, N. Y. ,  1953, p. 7!)8 
ff. 

(11) X. B. Cliapnian tilid D. Q. Ilusscll-Hill, J .  CiLein. 
Soc., 1563 (1956). 

(12) All melting points are uncorrestcti. The intrartad 
spectrum of rarh compound was taken and found to bc. 
compatible with the structure assigned. 

(13) W. Gruber and I<. Scvhlogl, Monalsh., 81, 473 (1950). 
(14) W. T. Caldwell and E. C. Kornfeld, J .  Am. Chcm. 

(15) H. E. Baiinigartrn and 9. L. Krieger, J .  Am. Chew). 

(3951). 

Soc., 64,1695 (1942). 

SOC.,  77,2438 ( I  955). 



1008 SOTES VOL.  24 

evaporated to an oily residue (0.46 g.) which WBR distilled 
a t  100' and 30 mm. to  give a white, crystalline solid (0.19 
g., 17% yield), m.p. 54-57'. The infrared spectrum had a 
carbonyl band a t  5.86 microns. This material stained the 
skin dark green. 

Anal. Calcd. for CGH~N~O~: C, 47.38; H, 2.65; N, 18.43. 
Pound: C ,  47.31; H, 2.78; N, 18.36. 

The oxime was white, m.p. 190-191'; the 2,4dinitro- 
phenylhydrazone was chrome yellow, m.p. 250-252" with 
sintering a t  228-232'; the thiosemicarbazide was yellow, 
m.p. 177-179'. 

2-Nitropyridine-5-carboxylic acid. 2-Nitro-5-methylpyri- 
dine, m.p. 93-95', (average yield 66%) was prepared from 
2-amino-5-methyl pyridine,'G and oxidized by permanga- 
nate" to  2-nitropyridine-5-carboxylic acid, m.p. 178-180°, 
yield 4149% (average 66%) based on unrecovered starting 
material. 

&fethy! 2-nilrop?jridiried-carboxylate. 2-xitropyridine-5- 
carboxylic acid (8.3 g., 0.0494 mole) was dissolved in re- 
fluxing absolute ether (1000 ml.), cooled to 25', and treated 
with cfiazomethane in ether. Evaporation left a residue of 
w1iit.e cryst,alline methyl 2-nitropyridine-5-carboxylate (8.3 
g., 92% yield) m.p. 130-131', strong carbonyl band a t  
5.85 p. 

A d .  Calcd. for C~HONZOC: C, 46.16; €1, 3.32; N, 15.38. 
Found: C, 46.27; H, 3.45; N, 15.15. 

Ethyl I-hlldroxypyridine-~-carbozylat~. Concerit'rated sul- 
furic acid (25 ml.) was added with cooling to  a solution of 
2-nitropyridine-5-carboxylic acid (20.0 g., 0.119 mole) in 
absolute ethanol (50 mi.). The solution was heated on a 
steam bath for 3 hr., cooled, poured on ice (about 300 g.), 
made basic with ammonium hydroxide (70 ml.), and chilled. 
The solid which precipitated was collected by filtrat.ion, 
combined wit,h the residue from chloroform extraction of 
the filtrate, and recrystallized from ethyl acetate to give 
white crystalline ethyl 2-hydroxypyridine-5-car,o?cylate 
(14.4 g., 72%) m.p. 148-151' (lit,.I8 m.p. 149--350"), st,rong 
hydroxyl band a t  2.90 p and carbonyl band a t  5.89 p. 

Anal. Calcd. for CSHSNOS: C, 57.48; 11, 5.48; K, 8.38. 
Found: C, 57.58; H, 5.54; N, 8.48. 

2 - W y d r o x y p ~ ~ r i d i n e S a ~ l ~ o x ~ ~ l ~  acid. 't-Nitropyridine-5- 
carboxylic acid (0.75 g.) was refluxed 1 hr. in a solution of 
6N sulfuric acid (10 nil.) and  ethanol (5 ml.); crystallilict 
2-hydroxypyridine-5-carboxylic wid, m.p. 300" dec. (lit.1E 
m.p. 301-302' dec.), precipit,at,ed on cooling. 

fifeth?jl 2--chloropyridined--carbor?/late. 2-%t,ropyridine-5- 
carboxylic acid (26.5 g., 0.158 mole) \vas dissolved iii  ab- 
solute methanol (265 ml.), arid a slow stream of hydrogcn 
chloride wtts introduced with stirriiig and chilling tiiiririg 
90 min. and then kept, a t  0" for 12 hr. The 8oliit)ion bccainc 
golden yellow after 1 hr., indicating the formation of nitric 
oxide. The rcact,ion mixture was evaporated under rcthicd 
pressure, ncut,ralizcd with sodium carbonat e a,t 0" :tnd tho  
white precipitatc which formod was collected hy filtratioii 
and combined with the residue from the chloroform extract 
of the filtrate. The product was recrystilllized from benzene- 
petroleum et.her to give a white crystalline chlorine con- 
taining compound shown to be methyl 2-ohlol.o1)yridirie-5- 
carboxylate (17.5 g., 659; yield) m.p. 88--87" m.p. 
86-89'). The infrared spectrum iridicated the absence of 
nit.ro or hydroxyl functions. 

d-Ch.lorop?iridine-~-carboxijlic acid. 11 mixture of 2-nit1-P 
pyridine-5-carboxylic acid (0.75 g.) and aonccnt rated hydro- 
chloric acid (5 ml.) was boiled for 5 min.; nitric oxide was 
cvolved. ICvaporation t,o dryness gave white crystalline 
2-chloropyridine-5-carboxylic acid (0.70 g.) m.p. 195-200' 
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( l i t . 2 0  m.p. 199" dec.). Esterification according to  the pre- 
vious experiment gave the methyl ester, m.p. 86-87'; a 
mixture melting point with sample preparcd in the previous 
experiment was undcpressed. 

Methyl 2-metlwxypyridined-carboxylate. hIethyl 2-nitro- 
pvridine-5-carboxylate (0.14 g.) and methanol (0.10 ml.) 
were dissolved in benzcne (10 ml.). Sodium hydride (0.14 g.) 
was added, and the mixture was refluxcd 4 hr. A solid was 
collected by filtration which gave brown fumes on acidifica- 
tion, and a positive "brown ring test" with ferrous sulfate and 
conccntrated sulfuric acid, indicating the presence of nitrite 
ion. The filtrate residue n'as sublimed to long white needles 
of methyl 2-methoxypyridine-5carboxylate (0.09 g.) m.p. 
48-49' (lit.alm.p. 42'). 

Anal. Calcd. for CsHloOsN: OCH, 37.1. Found: 36.5. 
Under the same conditions, but without the addition of 

methanol, sodium hydride was recovered by filtration and 
methyl 2-nitropyridine-5-carboxylate by evaporation of the 
filtrate. With sodium methylate in methanol thc same 
product was obtained on sublimation but the yield was 
lower. 

2-Aminopyridined-carboxylic acid. Methyl 2-nitropyri- 
(line-5-carboxylate (0.60 g.) was added to a sodium amidc 
siispension prepared by the addition of sodium (0.08 g.)  to 
liquid ammonia (50 ml.). The mixtiire immediately became 
deep purple, then slowly faded to brown. Evaporation of 
the ammonia left an  amorphous gray water-soluble powder, 
which evolved nitric oxide upon acidification with 3N hydro- 
chloric acid. From the acid solution, a small amount (10 
mg.) of crystalline 2-aminopyridine-5-carboxylic acid was 
obtained, m.p. 290-310' dec. (lit.22 312' dec.). 

Attempted condensations with ethyl acetate using sodium 
hydride, sodium amide or sodium triphenylmethyl in inert 
solvents were unsuccessful. 
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The Synthesis of 5-Azaindold 
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Since 7-azaindole and 7-azatryptophan3 have 
exhibited interesting biological activity in a number 
of sy~terns ,~  a synthesis of 5-azaindole and deriva- 
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