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A Z A I N D O L E  D E R I V A T I V E S  

LII.* SYNTHESIS OF 2-SUBSTITUTED 6-AZAINDOLES 

A.  A.  P r o k o p o v  a n d  L .  N. Y a k h o n t o v  UDC 547.75'821.07 

Condensation produc ts ,  which were  conver ted  to 2-subst i tu ted  (2-hydroxy-  and 2 -me thy l ) -6 -  
azaindoles  by reduct ive  cycl izat ion,  were  obtained in high yields f rom 3 -n i t ro -4 -ch lo ropyr id ine  
by reac t ion  with malonie  and ace toace t ic  e s t e r s  and acetylaeetone in the p r e sence  of sodium 
hydride in d ime thy l fo rmamide  at  r o o m  t empera tu r e .  

Until now a sma l l  number  of 2-monosubs t i tu ted  6-azaindoles  have been descr ibed [2-4] ; mos t  of these 
compounds were  synthes ized in low yields  by the h igh - t empe ra tu r e  Madelung react ion.  In the case  of 2 -hydroxy-  
6-azaindole  (6-azahydroxyindole)  (IV) and 2 -me thy t -6 -aza indo le  (X) we studied a different  method for the 
p r e p a r a t i o n  of 2-subs t i tu ted  6-aza indoles  on the bas i s  of the access ib le  3 -n i t ro -4 -ch lo ropyr id ine  (1) [2]. 

COCH 3 
CI It C/--,.COC H3 I~I.I;~COCIt 3 

. 

I II 

1 ~ x  VIII IX X 

/ COOC211~ "X~ /COOC,It. 

~ /NO2 ---~ ~/NH:~ 

II1 ~ t ~ VII 

CH~ 

H it 
Ill IV a IVb 

The prev ious ly  desc r ibed  [2, 5] condensat ion of I with malonic e s t e r  in the p r e sence  of sodium alkoxides leads 
to II in 37-55% yields.  Equally low yields were  also obtained in the analogous reac t ion  with cyanoacet ic  e s t e r  
[6]. According to our data,  the low yields a re  asso  ciated with the side r e a c t i o n t o  give 3 - n i t r o - 4 - a l k o x y p y r i -  
dines,  which a r e  read i ly  saponified on subsequent  workup of the reac t ion  mixture .  When the reac t ion  was 
c a r r i e d  out in d ime thy l fo rmamide  (DMF) in the p r e s e n c e  of sodium hydride,  it was poss ib le  to obtain II in 
p rac t i ca l ly  quanti tat ive yield in 30 min at r o o m  t empera tu r e .  Subsequent saponif icat ion and decarboxylat ion of 

*See [1] for  communica t ion  LI. 
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II by heating for 3 h with 18% hydrochloric  acid ensured the production in 8 6% yield of 3-n i t ro-4-methylpyr id ine  
(III) - the intermediate  in our recent ly  described two-step synthesis of unsubstituted 6-azaindole [7]. Diester  
II is converted to 2-hydroxy-6-aza indole  (IV) through the corresponding 3-ethoxycarbonyl  derivative in 82% 
overal l  yield [8]. As one should have expected, the condensation of I with acetoacetic es te r  under the influence~ 
of sodium hydride in DMF at room tempera ture  proceeded somewhat more  slowly than the react ion with 
malonic es te r ,  and, according to the resul ts  of th in- layer  chromatography (TLC), the process  is still not 
complete after  30 rain. It was n e c e s s a r y  to allow the mixture to stand at 20 deg C for 1 h to complete the 
reaction.  The (3-ni t ro-4-pyr idyl )ace toacet ic  es te r  (V), which was isolated in 96% yield, undergoes part ia l  
deacetylation with cleavage of the C - C  bond when it is converted to the hydrochloride under the influence of an 
alcohol solution of hydrogen chloride. The p rocess  is driven to completion by t reatment  of keto ester  V with 
hydrogen chloride at room tempera ture  for 12 h. The reduction of the nitro group in the result ing (3-ni t ro-4-  
pyridyl)acet ic  es ter  (VI) in the presence  of a palladium cata lyst  made it possible to obtain (3-amino-4-pyr idyl ) -  
acetic es ter  (VII) in 88% yield; the lat ter  was converted to 2-hydroxy-6-aza indole  (IV) in 89% yield by heating 
in a sublimation apparatus at 180 deg C for 1 h and subsequent vacuum sublimation of the react ion product.  

The condensation of acetylacetone and I proceeds even more  slowly than the react ion with malonic and 
acetoacet ic  e s t e r s :  according to the resul ts  of TLC and prepara t ive  isolation of the react ion products,  after 
3 h at 20 deg C the degree of react ion is 25%, as compared with 66% after  21 h. Heating to 70 deg C accelera tes  
the p rocess  (VIH is obtained in 64% yield after  2 h), but the react ion under these conditions is accompanied by 
resinif icat ion,  which hinders the isolation and purif icat ion of diketone VIII .  As in the case of keto es ter  V, 
t rea tment  of diketone VIII with hydrogen chloride at room tempera ture  leads to ketone cleavage. (3-Ni t ro-4-  
pyridyl)acetone (IX) is obtained in 96% yield, and its catalytic reduction with palladium makes it possible to 
obtain 2-methyl -6-aza indole  (X) in 81% yield. 

E X P E R I M E N T A L  

The PMR spec t ra  of CDC13 solutions of the compounds were recorded  with a JNM-4H-100 spec t rometer  
with te t ramethyls i lane  as the internal standard.  The IR spect ra  of mineral  oil suspensions of the compounds 
were obtained with a P e r k i n - E l m e r  457 spec t romete r .  The mass spec t ra  were obtained with an MKh-1303 
mass spec t romete r  at an ionizing voltage of 50 eV. Thin- layer  chromatography was car r ied  out on Silufol in 
an ace tone -e thano l  sys tem (1 : 1); ehlorotolidine was used to detect the spots. 

Condensation of 3 -Ni t ro-4-ch loropyr id ine  (I) with Malonic Es te r  under the Influence of Sodium Ethoxide. 
A 31-g (0.19 mole) sample of malonic es te r  was added to sodium ethoxide, obtained f rom 11.1 g (0.48 mole) of 
sodium in 200 ml of absolute alcohol, and the mixture was s t i r red  at 20 deg C for 30 min. A 31.4-g (0.16 mole) 
sample of the hydrochloride of I was added, and the resul t ing dark- red  solution was allowed to stand at 20 deg 
C for 1 h. It was then diluted with 400 ml of ether,  and the mixture was extracted twice with 500-ml portions 
of 4% aqueous sodium hydroxide solution. The ether  layer  was separated,  dried with magnesium sulfate, and 
saturated with gaseous hydrogen chloride. The mixture was fil tered to give 17.5 g (53%) of 3-n i t ro-4-e thoxy-  
pyridine hydrochloride as shiny c rys ta l s  with mp 270-271 deg C [9]. The aqueous alkaline solution was 
acidified careful ly with concentrated HC1 until its color  changed f rom red to yellow, af ter  which it was extracted 
with ether.  The ether ext rac t  was dried with magnesium sulfate and vacuum evaporated to give 16.8 g (37%) of 
(3-ni t ro-4-pyr idyl )malonic  es te r  (II). The hydrochloride [8] had mp 125-126 deg C. 

(3-Ni t ro-4-pyr idyl )malonic  Es te r  (II). A 53-ml  (0.47 mole) sample of malonic es ter  was added gradually 
with vigorous s t i r r ing  in a s t r eam of argon to a suspension of 11.3 g (0.47 mole) of sodium hydride in 50 ml of 
dry DMF, during which the tempera ture  was not allowed to r i se  above 50 deg C. When hydrogen evolution 
ceased,  the mixture was allowed to stand for 10 min, after  which 25 g (0.13 mole) of the hydrochloride of I was 
added in portions while the tempera ture  was held at no higher than 70 deg C by cooling. The mixture was then 
s t i r red  for 30 rain, after  which it was vacuum evaporated,  and the residue was dissolved in 50 ml of water. The 
aqueous solution was neutralized with acetic acid, and II was extracted with ether.  Workup of the ext rac t  gave 
35.1 g (97%) of II. The hydrochloride [8] had mp 125-126 deg C. 

3 -Ni t ro-4-methylpyr id ine  (III). A solution of 32.3 g of II in 150 ml of 18% hydrochloric  acid was heated 
at 100 deg for 3 h, af ter  which it was evaporated,  and the residue was t r i turated with acetone to give 15.2 g 
(86%) of the hydrochloride of III with mp 177-178 deg C [5]. No melt ing-point  depress ion was observed for a 
mixture of a sample of the product  with an authentic sample.  

(3-Ni t ro-4-pyr idyl )ace toacet ic  Es te r  (V). The method used to prepare  II was employed to obtain this 
compound f rom 2.3 g (96 mmole) of sodium hydride, 12.5 ml (93 mmole) of acetoacet ic  es ter ,  and 5.2 g (26.7 
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mmole) of the hydrochloride of I in 20 ml of DMF by react ion for 1 h. Work-up of the react ion mixture gave 
6.4 g (96%) of V as an oily yel low-brown substance that was insoluble in water  but quite soluble in ord inary  
organic solvents and had n~ 1.5440. IR spec t rum:  1740 (COOC2H5) ; 1650 (COCH3) ; 1600 (C----C, C----N); 1320, 
1350 cm -1 (NO2). Mass spec t rum:  M + 252. Found: C 52.4; H 4.9; N 11.3%. ClIHI2N205. Calculated: C 52.4; 
H 4.8; N 11.1%. 

(3-Nit ro-4-pyridyl}acet ic  Es ter  (VI). A solution of 3.0 g (11.9 mmole) of keto es ter  V in 40 ml of anhy- 
drous ether  was acidified with an alcohol solution of hydrogen chloride to pH 3, after  which the mixture was 
allowed to stand overnight  at 20 deg C. The hydrochloride of VI was removed by fi l tration to give 2.5 g (86%) 
of color less  c rys ta l s  with mp 145-146 deg C (from acetone). The product  was quite soluble in water and a lco-  
hols, less soluble in ch lo roform and acetone, and insoluble in other ord inary  organic solvents. IR spec t rum:  
1720 (COOC2H5) , 1640 (C ~-C,  C ~ N), 1590 cm -1 (NO2). PMR spec t rum (CF3COOH): 4.64 s (PyCH2) , 9.78 s 
(2-H)~ 8.38 d (5-H), 9.33 d (6-H), 1.39 t (CH3) , and 4.41 q (CH2). Found: C 43.7; H 4.5; C1 14.4; N 11.4%. 
CgH10N204. HC1. Calculated: C 43.8; H 4.5; C1 14.4; N 11,4 %. 

(3-Amino-4-pyr idyl)acet ic  Es ter  (VII). A solution of 5.8 g (23.5 mmole) of VI" hydrochloride in 150 ml of 
ethanol was hydrogenated in the p resence  of 1 g of 6% palladium oxide on carbon at room tempera ture  and an 
excess  hydrogen p r e s s u r e  of 20-30 cm (water column). Workup of the mixture gave 4.5 g (88%) of the hydro-  
chloride of VII as white c rys ta l s  with mp 171-172 deg C (dec., f rom alcohol). The product  was quite soluble in 
water and alcohols but insoluble in ether,  benzene, acetone, and chloroform.  IR spec t rum:  3320, 3160 (NH+), 
1720 (cooc2H5) , 1650 cm -I (C-~--C, C-=--N). Found: C 50.0; H 6.0; C1 16.1; N 13.2%. CaH12N202"HC1. Cal-  
culated C 49.9; H 6.0; CI 16.4; N 12.9%. Base VII was obtained as color less  c rys ta ls  with mp 59-60 deg C 
(from heptane). The base was quite soluble in ord inary  organic solvents,  less soluble in heptane, and insoluble 
in water.  IR spec t rum:  3360, 3200 (NH2) , 1720 (COOC2H5) , 1650 ( C ~ C ,  C ~ N ) ,  1600 cm -1 (N-H2). PlV~ spec-  
t rum:  3.55 s (PyCH2), 8.09 (2-H), 6.97 d (5-H), 8.03 d (6-H), 1.22 t (CH3) , 4.11 q (CH2) , and broadening in the 
region of the signal at 4.11 ppm (NH2). Found: C 59.9; H 6.8; N 15.8%. CgH12N202. Calculated: C 60.0; H 6.7; 
N 15.6%. 

2-Hydroxy-6-aza indole  (6-Azahydroxyindole) (IV). A) A solution of 13.4 g (47.5 mmole) of II in 400 ml of 
ethanol was hydrogenated in the p resence  of a palladium catalyst ,  as described in the prepara t ion of VII. The 
ca ta lys t  was separated,  and the solution was vacuum evaporated to dryness .  The residue was t r i turated with 
alcohol, and the resul t ing 3-e thoxycarbonyl-6-azahydroxyindole  (9.73 g) [8], with mp 299-300 deg C, was dis-  
solved in 100 ml of 18% hydroch lo r i cac id .  The solution was refluxed for 5 h, after  which it was vacuum 
evaporated to dryness .  A solution of 3.47 g of sodium bicarbonate in 30 ml of water was added to the residue,  
and the mixture was extracted with butanol. The butanol solution was dried with magnesium sulfate and 
evaporated to dryness  to give 5.47 g (83%) of azaindole IV as color less  slightly yellowing crys ta ls  with rap 231- 
232 deg C (dec.~ f rom alcohol) [8]. The product  was soluble in alcohols,  water ,  and DMF but insoluble in ether,  
benzene, ch loroform,  acetone,  and ethyl acetate.  According to the IR and PMR spect ra l  data, IV exists in the 
fo rm of a mixture of comparable  amounts of  the oxo (IVa) and hydroxy (IVb) forms.  IR spect rum:  1660 cm -1 
(CO). PMR spec t rum (two sets of signals):  6.67 d, 7.30, 7.35, 8.15 (4-H and 5-H), 7.37 s and 8.10 (7-H), 10.15 
and 10.59 (NH), 5.02 s ppm. The picrate  was obtained as yellow crys ta l s  with mp 201-202 deg C (from water). 
Found: C 42.5; H 2.6; N 19.1%. CTH6N20.C6H3N30 ~. Calculated: C 42.9; H 2.5; N 19.3%. 

B) A 0.15-g (0.83 mmole) sample of VII was placed in a sublimation apparatus and heated at 180 deg C 
(bath temperature)  for 1 h, af ter  which it was sublimed at a res idual  p r e s s u r e  of 0.3 mm to give 0.1 g (89.3%) of 
azaindole IV with mp 231-232 deg C. No melt ing-point  depress ion was observed for a mixture of a sample of 
this product  with a sample  of IV obtained by method A, and the IR spec t ra  of the two samples were identical. 

(3-Nitro-4-_pyridyl)acetylacetone(VIII}. The procedure  used for the prepara t ion of II was employed to 
p repa re  this compound f rom 2.1 g (87 mmole) of sodium hydride, 9 ml (87 mmole) of acetylacetone,  and 4.6 g 
(24 mmole) of the hydrochlor ide of I in 20 ml of DMF at 20 deg C for 21 h. The yield of diketone VIII was 3.45 g 
(66%). The l ight-yellow c rys ta l s  had mp 102-103 deg C (from cyclohexane). The product  was soluble in ordinary  
organic solvents and in hot water but only slightly soluble in cold water and cyclohexane. IR spec t rum:  1600 
(CO) and 1510 cm -I  (NO2). Found: C 54.1; H 4.6; N 12.6%. CIoH10N204. Calculated: C 54.1; H 4.5; N 12.6%. 

(3-Ni t ro-4-pyr idyl)acetone (IX). An alcohol solution of hydrogen chloride was added to a solution of 2 g 
(9.0 mmole) of diketone VIII in 40 ml of anhydrous e ther  until the mixture was acidic with respec t  to Congo Red, 
after  which it was aUowed to stand overnight at room temperature .  The resul t ing precipi tate  of the hydro-  
chloride of IX was removed by fi l tration to give 1.88 g (96.4%) of a white crysta l l ine  substance with mp 178-179 
deg C (dec., f rom alcohol). The product  was soluble in water and alcohols but only slightly soluble in other 

1226 



ord inary  organic  solvents .  IR spec t rum:  1710 (CO), 1640 (C-~C) ,  and 1530 c m  - I  (NO2). Found: C 44.4; H 
4.1; C1 16.4; N 12.9%. CsHsN203"HC1. Calculated: C 44.3; H 4.1; C1 16.4; N 12.9%. Base  IX was obtained 
as l ight -yel low c ry s t a l s  with mp 74-75 deg C ( f rom heptane). The product  was soluble in o rd inary  organic  
solvents  but insoluble in water .  11~ spec t rum:  1710 (CO), 1600 (C = C ,  C : - N ) ,  and 1510 c m  -1 (NO2). PMR 
spec t rum:  9.21 s (2-H), 4.18 s (PyCH2), 2.32 s (CH3), 8.67 d (6-H), and 4.35 d ppm (5-H). Mass spec t rum:  
M + 180. Found: C 53.2; H 4.4; N 15.5%. CsHsN203. Calculated:  C 53.3; H 4.4; N 15.5%. 

2 -Methy l -6 -aza indo le  (X). A solution of 0.6 g (2.8 mmole)  of the hydrochlor ide  of IX in 100 ml of ethanol 
was hydrogenated in the p re sence  of 0.4 g of 6% pal ladium oxide on carbon at r o o m  t e m p e r a t u r e  and an excess  
hydrogen p r e s s u r e  of  20-30 cm (water column),  a f te r  which the ca ta lys t  was separa ted ,  and the f i l t ra te  was 
vacuum evapora ted  to d ryness .  The res idue  (0.47 g) was r e c r y s t a l l i z e d  f rom absolute ethanol to give 0.38 g 
(81%) of the hydrochlor ide  of X with mp 231-232 deg C. The white c ry s t a l s  were  soluble in water  and alcohols 
but insoluble in other o rd ina ry  organic  solvents .  Found: C 57.1; H 5.2; C1 21.0; N 16.7%. C8HsN 2 �9 HC1. Cal -  
culated: C 57.0; H 5.3; C1 21.1; N 16.6%. Base X [5] had mp 183-183.5 deg C. PMR spec t rum:  6.13 s (3-H), 
11.21 s (NH), 2.44 s (CH3), 8.56 d (7-H, J = l  Hz), and 7.30 d ppm (4-H, J = 5 . 5  Hz). 
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CHEMISTRY OF HETEROCYCLIC N-OXIDES AND RELATED 

COMPOUNDS 

VIII.* DEHYDROGENATION OF PIPERIDINES BY PYRIDINE N-IMINE DERIVATIVES 

Yu. V. Kurbatov and S. V. Zalyalieva UDC 547.821.822.828:542.941.8 

The dehydrogenat ion of anabasine,  p iper id ine ,  and i soanabas ine  N-imine hydrochlor ides  by 
pyridine N- imine  hydrochlor ide  and the dehydrogenation of anabasine  py r id in i a -p - to luene -  
sulfonamidate  were  studied. The cor responding  pyr idines  and products  of reduct ive  
deiminat ion were  obtained. 

We have demons t ra ted  the poss ibi l i ty  of the applicat ion of  pyridine N-imine  hydroehlor ides  as homo- 
geneous dehydrogenat ing agents for  the dehydrogenation of the comple te ly  sa tura ted  he terocycl ic  r ing of 
anabasine [2]. In the p r e s en t  r e s e a r c h  we extended the l imits  of appl icabi l i ty  of the method by studying the 
t he rma l  t r an s fo rma t i on  of anabas ine  N- imine  hydrochlor ide  (I), the dehydrogenation of p iper id ine  (II) and 
i soanabas ine  (III) hydrochlor ides  by pyridine N- imine  hydrochlor ide  (IV), and the dehydrogenation of anabasine 
(V) by pyr id in ia -p- to luenesu l fonamida te  (VI). 

*See [i] for communication VII. 
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