
3762 FRYDMAN, REIL, BONED, AND RAPOPORT The Journal of Organic Chemistry 
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The syntheses of 5-methoxy- and 5-benzyloxy4 and -6-aaaindoles are described. Condensation of 2-methyl- 
3-nitropyridine and of 6-methoxy- and 6-benayloxy-2-methyl-3-nitropyridine with diethyl oxalate afforded the 
corresponding ethyl 3-nit,ro-2-pyridinepyruvates, which, on hydrogenation, were transformed into ethyl 4-aaa- 
indole-%carboxylate and ita substituted derivatives. Hydrolysis of the ethyl 4-azaindole-2-carboxylates and of 
the isomeric 6-azaindole-2-carboxylatesl prepared similarly from the 3-nitro-4-pyridinepyruvatea, afforded the 
corresponding azaindole-2-carboxylic acids, which could not be decarboxylated by the usual methods. Decar- 
boxylation was achieved when the lithium salt of 5-methoxy- and 5-benayloxy-4-azaindole-2-carboxylic acid waa 
treated with iodine, and the corresponding 2,3-diiodo-4-azaindole waa obtained which on hydrogenation afforded 
the 5-methoxy- and 5-benayloxy-4-azaindole. Alternatively, the ethyl Paaaindole2-carboxylatea and the ethyl 
6-aaaindole-%carboxylates were reduced to the corresponding 2-formylaaaindoles, which were then easily decar- 
bonylated over chlorotria (tripheny1phosphine)rhodium to the substituted aeaindoles. 

The 4-azaindoles are a little studied family of 
heterocycles of which few members and derivatives 
have been prepared. The main reason for this is that 
the synthetic methods used for the preparation of 
4-azaindoles1 as well as those used for the preparation 
of the isomeric 5-, 6-, and 7-azaindoles, are of limited 
range owing to the harsh reaction conditions on which 
they depend. * The 4-azaindoles were usually prepared 
by a Madelung-type cyclization of an N-acyl-2- 
methyl-3-aminopyridine at  high temperature in the 
presence of a strong base.3-6 In another synthetic 
approach to +azaindoles, modeled on the Fischer indole 
synthesis, isopropyl methyl ketone 3-pyridylhydrazone 
was cyclized to a 3-substituted 4-a~aindolenine)~ but 
the severe reaction conditions limit the usefulness of 
this method for the synthesis of substituted 4-azaindoles 
with sensitive groups. More recently,' 4-azaindole 
was obtained by the cyclization of a formamidine deriv- 
ative of 2-methyl-3-aminopyridine under conditions 
which resemble the Rladelung-type cyclization. The 
literature on the synthesis of 6-azaindoles is also very 
sparse, and the methods employed resemble those used 
for the synthesis of 4 - a ~ a i n d o l e s . ~ ~ ~  

Since the azaindoles are an interesting group of 
heterocycles from the standpoint of their biological 
activity as analogs of physiologically active  indole^,^,'^ 
we undertook the synthesis of 5-methoxy- and 5- 
benzyloxy-4-azaindole and of 5-methoxy- and 5- 
benzyloxy-6-nzaindole, in order to use them as inter- 
mediates and models for the synthesis of 5-hydroxy- 
azaindole bases. To achieve this we examined the 
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reductive cyclization of properly substituted ethyl 
3-nitropyridinepyruvates, and found it to be a reaction 
which proceeds well under mild conditions and results in 
good yields of the substituted azaindoles. 

Discussion 
The key reaction for the synthesis of 4-azaindoles 

was the successful condensation of 2-methyl-3-nitro- 
pyridine (3) and of 6-methoxy- (1) and 6-benzyloxy-2- 
methyl-3-nitropyridine (2), with diethyl oxalate in the 
presence of base to yield the corresponding ethyl 3- 
nitro-2-pyridinepyruvates 4, 5,  and 6. Although 
similar condensations have failed in the past," we found 
the reaction to take place readily and in good yields in 
the presence of potassium ethoxide. This extended 
to the 2-methylpyridine series the reaction which we 
described for the 4-methylpyridine series.I2 Thus the 
o-nitro group sufficiently enhanced the acidity of the 
methyl group; it is known that 2-methylpyridine does 
not condense with diethyl oxalate, whereas its N-oxide 
d o e ~ . ' ~ J *  The corresponding ethyl pyridinepyruvates 
4, 5 ,  and 6 were isolated as potassium enolates and 
liberated from their salts a t  pH 3. 

The nitropyridine 3 was prepared from 6-chloro-2- 
methyl-3-nitropyridine by reduction with copper and 
acetic acid,'6 and the nitropyridines 1 and 2 were also 
prepared from 6-chloro-2-methyl-3-nitropyridine by the 
usual methods.16 The nmr and ir data showed that the 
pyruvates existed mainly as enols; nevertheless when 
they were hydrogenated at  atmospheric pressure they 
cyclized to the corresponding ethyl 4-azaindole-2-car- 
boxylates 7, 8 and 9. The hydrogenation of the ethyl 
6-benzyloxy-3-nitro-2-pyridinepyruvate (5 )  was carried 
out over platinum oxide; the others were reduced over 
palladium on charcoal; and the esters were hydrolyzed 
to the corresponding acids 10, 11, and 12 in good yields. 

(11) W. Her2 and D. R. K. Murty, J .  Org. Chem., 36, 122 (1961); G. M. 

(12) B. Frydman, M. E. Despuy, and H. Rapoport, J. Amer .  Chem. Soc., 

(13) R. Adams and S. Miyano, ibid., 76, 3168 (1954). 
(14) The attempted condensation of 3-methyl-4-nitropyridine under the 

same reaction conditions afforded only the 1,2-di(3'-nitro-4'-pyridyl)ethylene 
(75%): mp 240-241'; nmr (TFA), 6 8.4 (s, 2, -CH=CH-), 8.7 (d, 2, J - 
7 Hz, C-5 H),  9.3 (d, 2, J = 7, C-6 H), 9.8 (8,  2, C-2 H). See also E. C. 
Taylor and J. S. Driscoll, J. Org. Chem., 96, 3796 (1961). 

Badger and R. P. Rao, Aust. J. Chem., 17, 1399 (1964). 

87, 3530 (1965). 

(15) H. E. Baumgarten and K. Cook, ibid., 33, 138 (1957). 
(16) H. E. Baumgarten and H. Chien-Fan Tau, J .  Amer. Chem. Soc., 1 4 ,  

3830 (1952). 
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7, R = OCHa; R’ = CzH5 
8. R = OCHzCsH5: R = CzHs 

4, R = OCH3 
5. R = OCHyCnH, 

13, R = OCH3; R’ = CzH5 
14. R = OCHnCnHs: R’ = CzH5 

RyJf N I  RyJ--J 
H H 

The ethyl 5-methoxy- (13) and 5-benzyloxy-6- 
azaindole-2-carboxylates (14) were obtained by a 
sequence of reactions analogous to  those described 
above for the 4-azaindole derivatives.12 When sub- 
jected to hydrolysis they gave the corresponding 6- 
azaindole-2-carboxy1ic acids 15 and 16 in good yield. 
All the azaindole-2-carboxylic acids, 10, 11, 12, 15, and 
16, showed an unexpected resistence to decarboxylation. 
They could not be decarboxylated by heating alone or 
in solvents, by pyrolysis of their salts, by employing 
the Hunsdiecker reaction or its  modification^,'^ or by 
procedures employing lead tetraacetate. l8 However, 
when 5-methoxy-4-azaindole-2-carboxylic acid (10) or 
its 5-benzyloxy analog 11 were transformed into their 
lithium salts and trerLted with iodine in aqueous SO- 
lution, the corresponding 2,3-diiodo derivatives 17 and 
18 were obtained in good yields. The reaction did not 
take place with the sodium or potassium salts of the 
acids and 4-az:tindole-2-carboxylic acid (12) itself did 
not react. The 2,3-diiodo-4-azaindoles 17 and 18 
underwent hydrogenolysis to  the corresponding 4- 
azaindoles 19 and 20. 5-Methoxy-4-azaindole (19) was 
thus prepared in 36y0 over-all yield starting from 6- 
methoxy-2-methyl-3-nitropyridine (l) ,  and 5-benzyl- 
oxy-4-azaindole (20) was prepared in 9% over-all yield. 

Several properties of 5-methoxy-4-azaindole (19) 
are of interest. The methyl group can be cleaved with 
45% hydrobromic acid, and the 5-oxo-4,5-dihydro- 
1H-pyrrolo [3,2-b]pyridine (34) was obtained in 96% 
yield. The a-pyridone structure was assigned to 34 
instead of the 5-hydroxy-4-azaindole structure on the 
basis of the bathochromic shift of 25 mp in its uv 

(17) S. J. Cristol and W. Firth, Jr., J. Ore. Chem., 26, 280 (1961); I T ,  2711 
(1962). 
(18) J. K. Koohi, J .  Amer. Chem. Soc., 87, 2500 (1965); D. H. R. Barton, 

H. P. Faro, E. P. Serebryakov, and N. F. Woolsey, J .  Chem. Soc., 2439 
(1965). 

absorption and of the amide band in its ir spectrum. 
When a Vilsmeier reaction (dimethylformamide and 
phosphorous oxychloride) was carried out with 19, 
3-formyl-5-methoxy-4-azaindole (35) was obtained in 
40% yield. The reaction failed when ethyl 5-me- 
thoxy-4-azaindole-2-carboxylate (7) was used, as could 
be expected. However, the yield was consistently 
lower than that usually obtained in the indole series, 
probably owing to the electron-withdrawing effect of the 
pyridine nucleus. 

The same effect was present in the reactions of Man- 
nich base 36. Although the base 36 was obtained in 
the usual way it did not react, as such or as its qua- 
ternary salt, with sodium or potassium cyanide or with 
diethyl sodiomalonate. A similar effect was observed 
by Okuda and Robison19 for the Mannich base of 5- 
azaindole. The alkylating properties of 7-azagraminea 
and of 4,7-diazagramineZ1 are similar to those of 
gramine; so it must be assumed that in these azaindoles 
the electron-withdrawing properties of the pyridine or 
pyrazine moieties do not effect the C-3 position. 

Since most of the azaindolecarboxylic acids which we 
obtained could not be decarboxylated, the possibility of 
decarbonylating the corresponding aldehydes was 
considered. By reduction of the substituted ethyl 
6-azaindole-2-carboxylates 13 and 14 and of the ethyl 
4-azaindole-2-carboxylates 7, 8, and 9 with lithium 
aluminum hydride in tetrahydrofuran, the correspond- 
ing 2-hydroxymethyl azaindoles 22, 23, 24, 25, and 26 

H CHZOH RmCHO H 

24, R = OCHa 27, R OCHs 
25, R = OCH&& 
26, R = H 

28, R = OCHzCsHs 

U 

yyJ RaoyJ-J  
H CHO 

H H 
29, R = OCHa 32, R = OCHa 34 
30, R = OCHpCeHs 33, R = OCHzCeHs 
31, R = H 

CHO H & O ~ C H z N I C H J z  

H 
35 36 

H3c0yJ-lJ 
H 

were obtained in good yields in both series. The 
alcohols were then easily oxidized to the corresponding 
aldehydes 27, 28, 29, 30, and 31 by manganese dioxide 
in ether-tetrahydrofuran solution. Heating the 
aldehydes above the melting points, a t  atmospheric 
pressure or in vacuo, did not yield the expected 

(19) 8. Okuda and M. Robison, J. Orp. Chem., 24, 1008 (195Q). 
(20) M. M. Robison snd B. L. Robison, J. Amer. Chem. SOC., 17, 457 

(21) S. Klutohko, H. V. Hansen, and I. R. Meltaer, J. Org. Chem., SO, 3464 
(1955). 

(1965). 
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TABLE I 
SYNTHESIS AND PROPERTIES OF SUBSTITUTED 4-ACAINDOLES AND 6AZAINDOLES 

Yield, -Calcd, %- -Found, %- 
Compound MP,OC % Formula C H N C H N 

2-Hydroxymethyl-5-methoxy-4-azaindole (24)" 125-130 87 CgHloNzOz 60.7 5 .7  15.7 60.5 5 . 6  15.7 
ZHydroxymethyl-5-benzyloxy-4-aaaindole ( 2 5 ) o , b  192-194 43 CISHI~N~OZ 70.9 5.5 11.0 70.7 5.3 11.0 
ZHydroxymethyl~azaindole (26)o+ 198-200 59 CsHsNzO 64.9 5 . 4  18.9 64.8 5 . 3  18.7 
2-Hydroxymethyl-5-benzyloxy-6-azaindole (23)o 125-127 48 ClsH,rNzOz 70.9 5 .5  11.0 70.6 5 .2  10.9 
ZFormyl-5-methoxy-4-azaindole (29)d 175-177 82 C~HsNz02 61.4 4.6 15.9 61.4 4 .7  15.8 
ZFormyl-5-benzyloxy-4-azaindole (30)d9a 188-190 77 CisHi2NzOz 71.4 4 .8  11.1 71.3 4.5 11.0 
2-Formyl-5-benzyloxy-6-azaindole (28)d 155-156 50 CisHizN202 71.4 4.8 11.1 71.2 4 .6  11.2 
2-Formyl-4-azaindole ( 3 l ) d J  210-212 46 CsH6NzO 65.8 4 .1  19.2 65.9 3.8 18.9 
5-Methoxy-4-azaindole (19)" 114-117 49 CsHsNzO 64.9 5.4 18.9 65.0 5 .6  18.8 

CAzaindole (2l)"h 123-126 45 c7He.N~ 71.2 5.1 23.7 71.1 5.3 23.5 
5-Benzyloxy-4-azaindole ( 2 0 ) ~  148-152 45 ClrNizNzO 75.0 5.4 12.5 74.9 5 .3  12.4 

5-Benzyloxy-Bazaindole (33)g 152-154 48 Ci4HizNz0 75.0 5 . 4  12.5 74.8 5.2 12.3 
a Prepared according to procedure A. b Uv max 306 mp (e 17,300). Uv max 295 mp (e 15,000). d Prepared according to pro- 

Lit.' cedure B. 
mp 127'. 

@ Uv max 310 mp (E 19,200), sh 325 (18,200). f Uv max 319 mp (e 18,600). 0 Prepared according to procedure C. 

azaindoles. Heating in solvents in the presence 
of peroxides resulted in mixtures of products. Finally, 
a good procedure was found by heating the aldehydes in 
decalin a t  300' for a short time in the presence of 
the chlorotris(tripheny1phosphine)rhodium complex,22 
which afforded the azaindoles 32, 33, 19, 20, and 21 in 
fair yield (Table I). The 4-aeaindoles and 6-azain- 
doles with no substituents a t  C-2 or (3-3, as well as the 
2-hydroxymethyl derivatives, gave a positive Ehrlich 
reaction on heating; the ethyl azaindole-Zcarboxy- 
lates and the 2-formylaeaindoles did not react with the 
Ehrlich reagent. The synthesis of various derivatives 
of the 4- and 6-aeaindoles described in the present work 
will be the subject of future publications. 

Experimental Section23 
6-Benzyloxy-2-methyl-3-nitropyridme (2) .-6-Chloro-2-methyl- 

3-nitropyridine16 (60 g, 0.34 mol) was added to a solution of 8.5 g 
(0.37 g-atom) of sodium in 1200 ml of benzyl alcohol. The mixture 
was left at room temperature for 12 hr, then heated at 85' during 
1 hr, and the benzyl alcohol was evaporated at reduced pressure 
at  90' (10 mm). The crystalline residue was washed with two 
250-ml portions of water and recrystallized from ethanol. Slightly 
colored prisms (67 g, 79%) were obtained: mp 86-88'; uv max 
298 mp (e 9400). 

Anal. Calcd for ClsHl~03N2: C, 63.9; H, 4.9; N, 11.5. 
Found: C, 64.1; H, 4.9; N,  11.5. 
6-Methoxy-2-methyl-3-nitropyridine (1) was obtained by the 

action of methanolic sodium methoxide on the 6-chloro-2-methyl- 
3-nitropyridine as described;lg 1 had mp 64-65' (lit.1@ mp 65'). 

2-Methyl-3-nitropyridine (3).-To a solution of 19 g of 6- 
chloro-2-methyl-3-nitropyridine in 36 ml of glacial acetic acid 
w a  added 30 g of copper powder in portions during 30 min, 
while the mixture was heated at reflux with constant stirring. 
The heating and stirring was continued until the mixture became 
too thick to stir (approximately 30 min); then it was diluted 
with 500 ml of water, made alkaline with solid sodium carbonate, 
and steam distilled. The 7 1. of steam distillate was extracted 
with ether; the ethereal extract was dried (NaSO4) and concen- 
trated; and the residual oil was precipitated as a picrate from 
100 ml of ethanol. The picrate was crystallized from ethanol 
yielding 14.7 g (44%), mp 122-124'. 

(22) J. Tsuji and K. Olmo, Tetrahedron Lett., a969 (1965). 
(23) All melting points were taken on the K6fler block; uv absorptions 

were measured in ethanol; ir spectra were obtained on potassium bromide 
Wafers; and nmr spectra were taken in deuteriochloroform, unless otherwise 
noted, with internal TMS (6 0). Tlc was run on silica-coated plates, and the 
Ehrlich reagent (2% pdimethylaminobenaaldehyde in 6 N hydrochloric 
mid) was used as developer a t  100". Microanalyses were performed by the 
Microahemical Laboratory, University of California a t  Berkeley, Berke- 
ley, Calif. Nmr spectra were determined a t  the Department of Organic 
Chemistry, Faculty of Sciences, University of Buenos Aires, Buenos Aires. 

Anal. Calcd for C12H80sN5: C, 39.2; H, 2.4; N, 19.1. 
Found: C, 39.3; H ,  2.4; N, 19.0. 

The 2-methyl-3-nitropyridine was obtained as a free base 
(6.6 g, 43'%) by dissolving the picrate in aqueous ethanolamine 
and extracting the pyridine into ether. 

Ethyl 6-Methoxy-3-nitro-2-pyridinepymvate (4).-To a solu- 
tion of 1200 ml of absolute ether and 96 ml of absolute ethanol 
was added 16.8 g (0.45 g-atom) of potassium, and the mixture 
was stirred until all the potassium dissolved; 60 ml (0.45 mol) of 
diethyl oxalate was then added, followed after 5 min by 60 g 
(0.4 mol) of 6-methoxy-2-methyl-3-nitropyridine (1 ); and the 
red mixture was stirred for 36 hr. The red potassium enolate 
was removed by filtration, washed thoroughly with ether, dried, 
suspended in 1500 ml of water, and decomposed by adjusting 
the solution to p H  4 with acetic acid and precipitating the pyru- 
vate which was crystallized from ethanol: 45 g (71%); mp 
123-124'; uv rnax 328 mp (e 16,500); ir, 3300 (enolic OH), 
1695 cm-l (ester CO); nmr, 6 1.5 (t, CH3), 4.4 (9, CHzCHa), 
6.8 (d, J = 10 €12, C-5 H), 7.6 (s, CH=C-OH), and 8.5 
(d, J = 10, C-4 H). 

Anal. Calcd for CIIHIZOBN~: C, 49.2; H,  4.5; N, 10.4. 
Found: C, 49.3; H, 4.5; N,  10.6. 

Ethyl 6-benzyloxy-3-nitro-2-pyridinepyruvate (5) was prepared 
following the same procedure used for the synthesis of the 6- 
methoxy derivative 4. From 48 g of 6-benzyloxy-2-methyl-3- 
nitropyridine (2) was obtained 32 g (50%) of ethyl 6-benzyloxy- 
3-nitro-2-pyridinepyruvate (S), mp 109-111 ' (from ethanol). 

Anal. Calcd for C ~ ~ H I ~ O ~ N Z :  C, 59.3; H ,  4.7; N,  8.1. 
Found: C, 59.6; H, 4.5; N,  8.0. 

Ethyl 3-Nitro-2-pyridinepynwate ( 6 )  was prepared following 
the same procedure used for the synthesis of the 6-methoxy 
derivative 4. From 14 g of 2-methyl-3-nitropyridine (3) was 
obtained 11.4 g (47%) of ethyl 3-nitro-2-pyridinepyruvate (6): 
mp 140'; uv max 250 mp (e 18,200), 315 (1200). 

Anal. Calcd for C10H1006N2: C, 50.4; H,  4.2; N, 11.7. 
Found: C, 50.4; H,  4.2; N, 11.7. 

Ethyl 5-Methoxy-4-azaindole-2-carboxylate (7).-Ethyl pyri- 
dinepyruvate (4) (5  g) was dissolved in 100 ml of ethanol and re- 
duced during 45 min a t  20 psi with hydrogen over 2 g of 10% 
palladium on charcoal. The catalyst was filtered and washed 
with ethanol. The combined filtrate and washings were con- 
centrated in vacuo to 10 ml; 25 ml of water was added; and the 
suspension was cooled a t  5' for several hours. The resulting 
precipitate was filtered, dried, and sublimed a t  110' (0.01 mm) 
giving 3.3 g (80%) of 7: mp 134-135'; uv max 301 mp (e 
il,OM), 314 (13,500), 320 (13;800); nmr, 6 7.6 (d, J = 5 He, 
C-6 H), 8.6 (d, J = 5, C-7 H). 8.0 (s, C-3 H). 

Anal: Calcd for C11H120aN2: C,.59.9; H, 5.5; N,  12.7. 
Found: C, 59.9; H ,  5.6; N,  12.7. 

Ethyl 4-azaindole-2-carboxylate (9) was prepared following the 
same procedure used for the synthesis of the 5-methoxy derivative 
7. From 6 g of ethyl 3-nitro-2-pyridinepyruvate (6) was obtained 
3 g (63%) of 9: mp 179'; sublimed at  125' (5 p ) ;  uv max 305 
mp (e 19,300), 312 (16,300). 

Anal. Calcd for CloHloOzN2: C, 63.1; H ,  5.3; N, 14.7. 
Found: C, 63.1; H, 5.1; N, 14.5. 
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Ethyl 5-Benzyloxy-4-azaindole-2-carboxylate @).-Ethyl 6- 
benzyloxy-3-nitro-2-pyridinepyruvate (5) (10 g) was suspended 
in 150 ml of ethanol and reduced with hydrogen at atmospheric 
pressure over 1 g of platinum oxide until the theoretical amount 
of hydrogen was consumed (40 min). The catalyst was removed; 
the ethanol was evaporated to dryness; and the oily residue waa 
dissolved in a small amount of chloroform and adsorbed on a 
neutral alumina column (40 X 3 cm) prewashed with chloro- 
form. The azaindole was eluted with chloroform (1 1.); the 
chloroform was evaporated in vacuo; and the crystalline residue 
was recrystallized from aretone-water and sublimed a t  115' 
(0.01 mm) giving 4 g (507;) of 8: mp 106-110'; uv max 229 
mp (e 12,300), 312 (14,9001, 318 (16,400). 

Anal. Calcd for Cl,H1503N2: C, 68.9; H,  5.4; N,  9.5. 
Found: C, 69.2; 13, 5.6; N, 9.6. 

5-Methoxy-4-azaindole-2-carboxylic Acid (lo).-Ethyl 5- 
methoxy-4-azaindole-2-carboxylate (7) (10 g) dissolved in 300 
ml of 2 N sulfuric acid was heated under reflux for 3 hr, after 
which the solution was adjusted to p H  4 with solid sodium car- 
bonate and cooled a t  5' or several hours. The resulting precipitate 
was removed by filtration, dried, and crystallized from ethanol- 
water giving 8.5 g (97%) of 10: mp 280' dec; uv max 315 mp 
(e 15,500), 295 (11,000). 

Anal. Calcd for CBH803N2: C, 56.3; H,  4.2; N, 14.6. 
Found: C, 56.3; H,  4.2; N, 14.5. 
5-Methoxy-6-azaindole-2-carboxylic acid (15) was prepared 

following the same procedure used for the obtention of 10. 
From 10 g of ethyl 5-methoxy-6-azaindole-2-carboxylate (13)12 
was obtained 7 g (fiOyc) of 15: mp 220' (from ethanol); uv max 
278 mp (e 15,100), 287 (18,000), 335 (4400). 

Anal. Caled for COH803X2: C, 56.3; H,  4.2; N, 14.6. 
Found: C, 56.3; H, 4.2; N, 14.8. 
5-Benzyloxy-4-azaindole-2-carboxylic Acid (1 l).-Ethyl 5- 

benzyloxy-4-azaindole-2-carboxylate (8) (6 g) dissolved in 100 
ml of 2 N aqueous potassium hydroxide was heated under reflux 
for 1 hr, after which the solution was adjusted to p H  4 with 
glacial acetic acid and cooled at  5" for several hours. The 
resulting precipitate was filtered, dried, and purified by dissolu- 
tion in dilute ammonium hydroxide and precipitation with acetic 
acid eivine 4.4 E (73%) of 11: mu 300" dec; uv max 315 mp (e 

15,0&), 3i8 (li,400)." 
Anal. Calcd for C ~ ~ H I Z O ~ N Z :  C, 67.1; H, 4.5; N, 10.4. 

Found: C, 66.8; H, 4.5; N, 10.4. 
5-Benzyloxy-6-azaindole-2-carboxylic acid (16) was prepared 

following the same procedure used for the preparation and purifi- 
cation of 11. From 5 g of ethyl 5-benzyloxy-6-azaindole-2-car- 
boxylate (14)24 was obtained 3 g (70%) of 16, mp 310'. 

Anal. Calcd for CIbH1203N2: C, 67.1; H, 4.5; N,  10.4. 
Found: C, 66.8; H, 4.3; N, 10.2. 
4-Azaindole-2-carboxylic acid (12) was prepared following the 

same procedure used in the synthesis of 11 and 16. From 5 g of 
ethyl 4-azaindole-2-carboxylate (9) was obtained 3.8 g (90%) 
of 4-azaindole-2-carboxylic acid: mp 320" (from water); uv max 
309 mp (e 14,200). 

Anal. Calcd for C8H&N2: C, 59.2; H,  3.7; N, 17.3. 
Found: C, 59.1; H, 3.8; N,  17.1. 
2,3-Diiodo-5-methoxy-4-azaindole (17).-5-hIethoxy-4-azain- 

dole-2-carboxylic acid (10) (10 g, 0.04 mol) was dissolved in 
850 ml of a 1 N aqueous lithium hydroxide solution; 50 g (0.2 
mol) of iodine dissolved in 540 ml of methanol was added; and 
the mixture was stirred for 3 hr at room temperature. The 
excess of iodine was then destroyed with sodium sulfite. The 
solution was adjusted to pH 8 with solid sodium carbonate and 
exbracted thoroughly with ten 150-ml portions of chloroform. 
The dried chloroform extracts (NazSOd) were evaporated to 
dryness in vacuo, and the brown crystalline residue (18 g, 82%) 
w&s used directly in the next step. It could be purified by re- 
crystallization from benzene-methylcyclohexane and sublimation 
at  150" (0.01 mm): mp 185-189'; RF 0.76 (benzene-chloroform 
1:l). 

Anal. Calcd for C8H5N201z: C, 24.0; H ,  1.5; N, 7.0. 
Found: C, 24.3; H, 1.6; N, 7.3. 

5-Methoxv-4-azaindole (19).-The crude diiodo-4-azaindole 17 
(9g)  was dksolved in 200 ml of ethanol; 25 g of sodium acetate 
trihydrate was added; and the solution was reduced at 20 psi 
with hydrogen during 12 hr over 2 g of 10% palladium on char- 
coal. The catalyst was removed and washed with ethanol. 
- 

(24) R. Frydman, S. Reil, &I. E, Despuy, and H. Rapoport, J .  Amer. 
Chem. Soc , submitterl for publication. 

The combined filtrate and washings were evaporated in vacuo, 
and the residue was dissolved in 20 ml of water and extracted 
with five 10-ml portions of chloroform. The dried (NkSO,) 
chloroform extracts were evaporated in v m o ,  and the residue 
was sublimed at 90" (1 f i )  giving 2.7 g (81%) of 19: mp 114- 
117'; RF 0.20 (benzene-chloroform 1: l ) ;  uv max, 301 mr (C 

11,800), 305 (10,900); nmr, 6 4.0 (s, OCHs), 6.6 (d, J = 10 
Hz, C-6 H), 7.3 (t, C-2 H and C-3 H), 7.6 (d, J = 10, 

Anal. Calcd for C ~ H B O N ~ :  C, 64.9; H, 5.4; N, 18.9. 
Found: C, 65.0; H, 5.6; N, 18.8. 

Examination of the hydrogenation reaction by tlc after 3 and 
6 hr indicated the formation of intermediate monoiodo-5- 
methoxy-4-azaindoles (RF 0.50 and 0.35) during the process. 
For the alternative synthesis of 5-methoxy-4-azaindole (19) see 
Table I. 
2,3-Diiodo-5-benzyloxyy-4-azaindole (18) was prepared follow- 

ing the same procedure used in the synthesis of 2,3-diiodo-5- 
methoxy-4-azaindole (17). From 3.6 g of 5-benzyloxy-4- 
azaindole-2-carboxylic acid (11) was obtained 4.5 g (71y0) of 
crude 18, which was purified by crystallization from benzene: 
mp 172-176'; RF 0.80 (benzene-chloroform 1 : l ) .  

Anal. Calcd for CuHloN~IzO: C, 35.3; H,  2.1; N, 5.9. 
Found: C, 35.6; H, 2.0; N, 5.5. 

5-Benzyloxy-4-azaindole (20) was prepared by the same pro- 
cedure used in the synthesis of 5-methoxy-4-azaindole (19), 
and the hydrogenation was completed in 6 hr. From 4.5 g of 
crude 18 was obtained 1.5 g (65%) of 20: mp 148-152"; uv max 
301 mp (e 11,000); RF 0.25 (benzene-chloroform 1 : 1). 

Anal. Calcd for CI4H120N2: C, 75.0; H ,  5.4; N, 12.5. 
Found: C, 74.9; H, 5.3; N ,  12.4. 

The alternative synthesis of 20 is described in Table I. 
2-Hydroxymethyl-5-methoxy-6-azaindole (22). Procedure A. 

-Ethyl 5-methoxy-6-azaindole-2-carboxylate (13) (8 g) dis- 
solved in 400 ml of tetrahydrofuran was slowly added with con- 
stant stirring to a suspension of 2 g of lithium aluminum hydride 
in 100 ml of tetrahydrofuran. The resulting mixture was heated 
at  reflux for 4 hr, and then 600 ml of ice water was added. The 
solution was adjusted to p H  12 with concentrated sodium hy- 
droxide solution and extracted with ten 200-ml portions of 
ether. The dried (NazSOd) ether extrac.ts were evaporated in 
vucuo. The crystalline residue was recrystallized from methanol 
giving 3.4 g (48%) of 22: mp 168-170"; uv max 270 mp (e 
7570), 275 (7650), 313 (5160); RF 0.06 (1% ethanol in chloro- 
form). 

Anal. Calcd for CsHloOlNz: C, 60.8; H, 5.9; N, 15.7. 
Found: C, 60.7; H, 5.6; N, 15.7. 
2-Formyl-5-methoxy-6-azaindole (27). Procedure B .-2-Hy- 

droxymethyl-5-methoxy-6-azaindole (22) (2 g) was dissolved 
in a mixture of 60 ml of tetrahydrofuran and 500 ml of ether; 
20 g of manganese dioxide was added; and the mixture wm 
stirred for 24 hr at room temperature. The oxidant was removed 
and washed with ether. The combined filtrate and washings 
were evaporated in vucuo, and the crystalline residue was re- 
crystallized from benzene-cyclohexane, giving 1.7 g (76%) of 
27: mp 174178"; uv max 290 mp (e 16,300), 299 (18,000); 
nmr (TFA), 6 9.8 (s, CHO); RF 0.23 (1% ethanol in chloro- 
form). 

Anal. Calcd for CgHgOpNz: C, 61.4; H, 5.0; N, 15.9. 
Found: C, 61.4; H, 4.6; N, 15.9. 

5-Methoxy-6-azaindole (32). Pr0cedure.C.-The aldehyde 27 
(300 mg) and chlorotris(tripheny1phosphine)rhodium (100 mg) 
were suspended in 6 ml of decalin and heated a t  300' for 30 
min in a sealed vessel. The mixture was extracted with five 2-ml 
portions of 4 N hydrochloric acid. The aqueous solution 
was washed twice with 5 ml of ether, alkalized with a concen- 
trated sodium hydroxide solution, and reextracted with five 
3-ml portions of chloroform. The dried (NazSO,) chloroform 
extract was evaporated in vacuo, and the crystalline residue was 
sublimed at  90" (1 p ) ,  giving 130 mg (4801,) of 32: mp 122-124'; 
uv max 267 m r  (e 5500), 273 (5260), 313 (5200). 

Anal. Calcd for C ~ H ~ O N Z :  C, 64.9; H, 5.4; N, 18.9. 
Found: C, 64.7; H, 5.4; N, 18.8. 

C-7 H).'6 

(25) In the nmr spectra of indoles in CDCh, there was a pronounaed chrrni- 
cal shift in the triplets (NH coupling) corresponding to the u hydrogem 
(6 7.0) and the @ hydrogens (6 6.6) which indicated the greater electron den- 
sity at the @ position of indole. The oollapse of both signals in 10 into one 
triplet at 6 7.3 indicated not only the close similarity of both hydrogens, but 
also the diminished eleotron density in the pyrrole ring of 4acaindoles. 
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5-0xo-4,5-dihydro-1H-pyrrolo [3,2-b] pyridine (34) .-&Me- 
thoxy-4-azaindole (19) (1 g) was dissolved in 20 ml of 48% hydro- 
bromic acid, and the mixture was heated under reflux for 2.5 hr. 
It was then evaporated to dryness; the residue was dissolved in 
4 ml of water; and the solution was adjusted to p H  7 with solid 
sodium carbonate. The precipitate was filtered, dried, crystal- 
lized from methanol, and sublimed a t  220' (1 p ) ,  giving 825 mg 
(96%): mp 280-289'; uv max 330 mp ( E  12,700). 

Anal. Calcd for C~HBONZ: C, 62.7; H, 4.5; N, 20.9. Found: 
C, 62.4; H, 4.5; N, 20.9. 

3-DimethylaminomethyI-5-methoxy-4-azaindole (36).-5- 
Methoxy-4-azaindole (19) (1 g) was dissolved in 60 ml of 1- 
butanol; 400 mg of paraformaldehyde and 1 g of dimethylamine 
hydrochloride were added; and the mixture was heated a t  reflux 
for 30 min and evaporated to dryness in vacuo. The residue 
was dissolved in 50 ml of 4 N hydrochloric acid, washed twice 
with 100 ml of ether, alkalized with solid potassium carbonate, 
and extracted several times with chloroform. The dried (Na2- 
SO4) chloroform extracts were evaporated in vacuo, and the oily 
residue was dissolved in 50 ml of ethanol and precipitated as a 
dipicrate. The dipicrate was centrifuged, washed twice with 
20 ml of cold ethanol, and recrystallized from methanol to yield 
3.3 g (75ojO), mp 174-176'. 

Anal. Calcd for C Z ~ H U O ~ ~ N ~ :  C, 41.6; H, 3.1; N, 19.0. 
Found: C, 41.4; H, 3.0; N, 18.9. 

The free base was recovered by dissolution of the dipicrate 
in 90% aqueous acetone and passage through an IRA-400 

(HCOs) ion-exchange resinaB column: nmr (DzO), 6 3.1 [s, 

3-Formyl-5-methoxy-4-azaindole (35).-5-Methoxy-4-rain- 
dole (15) (200 mg, 1.2 mmol) dissolved in 0.1 ml of dimethyl- 
formamide was added to a mixture of 0.12 ml (1.3 mmol) of 
phosphorous oxychloride and 0.4 ml of dimethylformamide 
cooled at 0'; the solution was heated a t  70" for 2 hr and was 
cooled. The crystalline 
precipitate was centrifuged, dried, and crystallized from ethanol 
giving 85 mg (40%) of 35: mp 145-147'; ir, 1720 cm-' (CHO). 

Anal. Calcd for C9HsN2Oz: C, 61.3; H, 4.5; N, 15.9. 
Found: C, 61.6; H, 4.7; N, 16.2. 

Registry No.-2, 17288-26-5; 3 monopicrate, 17288- 

N(CHs)z], 4.8 (s, CH2), 8.3 (s, C-2 H). 

Then 2 ml of ice water was added. 

27-6; 4, 17288-28-7; 5, 17288-29-8; 6, 17288-30-1; 
7, 17322-90-6; 8, 17288-31-2; 9, 17288-32-3; 10, 
17288-33-4; 11, 17288-34-5; 12, 17288-35-6; 15, 
17288-36-7; 16, 17288-37-8; 17, 17288-38-9; 18, 
17288-39-0; 19, 17288-40-3; 20, 17288-41-4; 21, 
272-49-1; 22, 17288-43-6; 23, 17288-44-7; 24, 17288- 
45-8; 25, 17288-46-9; 26, 17288-47-0; 27, 17288-48-1; 
28, 17288-49-2; 29, 17288-50-5; 30, 17288-51-6; 31, 
17288-52-7; 32, 17288-53-8; 33, 17288-54-9; 34, 
17322-91-7; 35, 17288-55-0; 36 dipicrate, 17288-56-1. 
(26) J. M. Bobbitt, J .  Org. Chem., 12, 1729 (1957). 

Bridgehead Nitrogen Heterocycles. I. A Convenient Synthesis 
of Pyrazolo[l,5-a]pyridines1 
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Cyclization of 2-alkyl-1-aminopyridinium salts (2)  with acyl or aroyl chlorides in pyridine solution provides 
a convenient synthesis of derivatives of the title ring system (3). With 1-amino-%methyl- and l-arnino-2,g-di- 
methylpyridinium iodides and benzoyl chloride, intermediate pyridinium betaines (6) were isolated unless pro- 
longed reaction times were employed. Acylation at  the 3 position occurs extremely readily in this ring system. 
Spectral data for derivatives of this ring system are described. 

The direct amination of tertiary amines with hydrox- 
ylamine-0-sulfonic acid to yield the corresponding 
hydrazinium salts2 has been applied to the preparation 
of 1 ,2-diaminopyridinium salts which underwent an 
extremeIy facile cyclization with aliphatic acids or 
acid chlorides to s-triazolo [l ,5-a]pyridine derivatives. 
The ease of amination of 2-alkylpyridines (1) to 2-alkyl- 
1-aminopyridinium salts (2) with hydroxylamine-0-sul- 
fonic acid2 suggested that cyclization of these salts with 
acyl chlorides might provide an extremely simple and 
direct synthesis of the pyrazolo [ l15-a]pyridine ring 
system (3). In  this communication we describe the 
successful synthesis of this ring system by this route 
which now makes i t  readily available. 

Pyrazolo [l,ba]pyridine and its 2-phenyl derivative 
have been prepared previously4a by potassium ferricy- 
anide oxidative ring closure of the corresponding 2-(2- 
aminoethy1)pyridines. Oxidation of pyrazolo [1,5-a]- 

(1) Support of this work by U. S. Public Health Service Research Grant 

(2 )  R. God and A. Meuwsen, Chem. Be?., 91, 2521 (1958). 
(3) K. T. Potts, H. R. Burton, and J. Bhattacharyya, J. Org. Chem., 31, 

260 (1866). 
(4) (a) J. D. Bower and G. A. Ramage, J .  Chem. SOL, 4506 (1957); (b) 

J .  D. Bower, ibid. ,  4510 (1957); (e) E. C. Taylor and K.  9. Hartke, J .  Amer. 
Chem. SOC., 61, 2452 (1959); (d) R. Huisgen, R. Grashey, P. Laur, and 
H. Leitermam, Anoew. Chem., 73, 416 (1960); (e) H. Beyer, K.  Leverena, 
and H. Bohilling, i b i d . ,  73, 272 (1961); ( f )  V. Boekdheidesnd N.  A.  Fedoruk, 
J .  Ow. Chem., 83, 2082 (1968). 

CA 08485-01, 02 National Cancer Institute, is gratefully acknowledged. 

pyridine with potassium permanganate was shown to 
give pyrazole-3-carboxylic clearly establishing 
that ring closure had occurred in the oxidation process. 
This was also indicated by the uv absorption spectrum 
of the system.4b A more complex substituted de- 
rivative has also been and, by 1,3 dipolar 
addition type -reactions to aaomethine imines, fused4d 
and pyrazolo [ l15-a]pyridine derivatives have 
been obtained. This last route has recently been 
used4' for the preparation of a variety of pyrazolo- 
[l15-a]pyridine derivatives and is an effective comple- 
ment to  the synthetic procedures described below. In  
this present study several alkylpyridine derivatives 
were aminated a t  position 1 in moderately good yield, 
either with hydroxylamine-0-sulfonic acid or with its 
potassium salt.2 The resulting 1-aminopyridinium 
salts (2) (Table I )  were found to be extremely reactive 
toward acetyl chloride in pyridine, and cyclization 
occurred in a very short time. The 1-amino-2-methyl- 
pyridinium salts failed to give cyclic products with 
benzoyl chloride unless prolonged reaction times (24 hr) 
were used. With shorter reaction periods, pyridinium 
betaines were isolated as the sole products from the 
reaction mixtures. Moreover, the 1-amino-2-methyl- 
pyridinium salts always resulted in cyclic products 
which were acylated (acetyl or benzoyl group) in the 
3 position. At no time was it possible to obtain a 


