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A Z A I N D O L E  D ERIV.A T I V E S .  

61.* ELECTROPHILIC SUBSTITUTION REACTIONS 

iN 1-BE NZY L-6 -M ETHOXY-7-CYA NO-5- A Z.4 INDO L E 

AND 6-OX O-5-  ~4 Z.4 INDO LINE 

N. N. B y e h i k h i n a ,  V. A.  A z i m o v ,  
a n d  L .  N. Y a k h o n t o v  

UDC 547.75'821.07 

The e lec t rophi l i c  subst i tut ion reac t ions  (nitration, brominat ion,  acylat ion,  and the Mannich and 
Vi l sme ie r  reac t ions)  of l - b e n z y l - 6 - m e t h o x y - 7 - e y a n o - 5 - a z a i n d o l e  and the ni t ra t ion and Vi l smeie r  
reac t ion  of 6 -hydroxy-5-aza indol ine  were  studied. 

Some of the efficient  methods for the synthes is  of polysubst i tuted 5-azaindoles ,  which are  of in teres t  for  
biological  study, a r e  the convers ion  of N-benzy l -2 -pyr ro l idone  to 1 ,6 ,7 - t r i -  or  1 ,4 ,6 ,7- te t rasubs t i tu ted  5 - a z a ,  
indolines [2, 3], the i r  oxidation to the cor responding  azaindoles  [3], and the introduction of additional groups 
in t he  3 posi t ion by means  of e lec t rophi l ie  subst i tut ion reac t ions .  We have p rev ious ly  shown [4] that despite  
the l i t e r a tu r e  data [5], e lec t rophi l ic  subst i tut ion in the 3 posi t ion of 5-azaindoles  is r ea l i zed  readi ly;  however ,  
the p resence  of e l e e t r o n - a c c e p t o r  subst i tuents  may  hinder  these  r eac t ions .  

In the p resen t  communica t ion  we examine the pecu l ia r i t i e s  of e lec t rophi l ic  subst i tut ion p r o c e s s e s  in 1- 
b e n z y l - 6 - m e t h o x y - 7 - c y a n o - 5 - a z a i n d o l e  (I). 

CN CH2CsH5 CN CH2C6H 5 CN CH2CGH5 CN R 

I 

�9 CN CH2C6H5 CN CH2CSH5 CN CH2C6H5 CN R 

Ill IV V Viii  

~ H 3 

O I H U I I H 
Br R' R' 

X �9 IX XI a, b XII I  x I I  

Xla  R'=NO2; b R'=CHO; VII R=CH~C~H~NO~-P; Vi i i  R=CH2C6H4NO 2 

The p r o c e s s  takes  place mos t  smoothly  with a s t rong e lee t rophi l ic  reagent  such as b romine .  Azaindole 
[ r e ac t s  with b romine  in ch lo ro fo rm at 0~ to give 1 - b e n z y l - 3 - b r o m o - 6 - m e t h o x y - 7 - c y a n o - 5 - a z a i n d o l e  (H) in 

*See [1] for  Cor~munication 60. 
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97%yield.  The reac t ion  p roceeds  with g r e a t e r  difficulty with m i l d e r  e lec t rophi l ic  agents ,  viz. ,  the Vi l sme ie r  
complex and a mix tu re  of acetyl  chloride with a luminum chlor ide:  ] - b e n z y l - 3 - f o r m y l  (IIi) and 1 -benzy l -3 -  
a c e t y l - 6 - m e t h o x y - 7 - c y a n o - 5 - a z a i n d o l e  (IV) a re  obtained in 52 and 48%yields,  r e spec t ive ly .  The deact ivat ing 
effect  of the e l e c t r o n - a c c e p t o r  ni t r i le  res idue  in the 7pos i t i ono f the  azaindole molecule  is evidently substant ia l  
in these  cases .  A s i m i l a r  effect  of the n l t r i le  group is also observed  in the Mannich reac t ion .  In this case the 
p r o c e s s  is addit ionally compl ica ted  by hydro lys i s  of the methoxy group.  In cont ras t  to 1 - b e n z y l - 6 - m e t h o x y - 7 -  
cyano-5-aza indol ine ,  in which the methoxy group is hydrolyzed only under sufficiently s e v e r e  conditions, viz.,  
in the case of prolonged refluxing in alcohols  with the continuous passage  of hydrogen chloride into the mix ture ,  
this  p r o c e s s  takes  place by refluxing in butanol with d imethylamine  hydroehlor ide  in the case  of the c o r r e s p o n d -  
ing 5-azaindole der iva t ive  I. The final r eac t ion  product ,  viz. ,  ] - b e n z y l - 3 - d i m e t h y l a m i n o m e t h y l - 6 - h y d r o x y - 7 -  
cyano-5-aza indole  (V), which was isolated in 42% yield,  exis ts  p r i m a r i l y  in the oxo fo rm,  according to the IR, 
UV, and PMR spec t ro scop ic  data.  

Compl ica t ions  a s soc ia t ed  with the effect  of subst i tuents  in 5-azaindole molecule  I were  a lso  observed in 
the ease of ni t ra t ion.  When we used sul fur ic  acid with concentra ted n i t r ic  acid at low t e m p e r a t u r e s  (-15~ 
in addition to s imul taneous  e lec t rophi l ic  subst i tut ion in the 3 posi t ion of azaindole I, which leads to 1 -benzyI -  
3 - n i t r o - 6 - m e t h o x y - 7 - c y a n o - 5 - a z a i n d o l e  (VI), we obse rved  ni t ra t ion in the pa ra  posi t ion of the phenyl r ing of 
the benzyl  subst i tuent  to give 1 - ( p - n i t r o b e n z y l ) - 3 - n t t r o - 6 - m e t h o x y - 7 - c y a n o - 5 - a z a i n d o l e  (VII). According to 
the PMR spec t roscop ic  data, the ra t io  of VI and VII in the reac t ion  products  was 2.5 : 1; some of the s ta r t ing  
azaindole I r e m a i n e d  unchanged in the p r o c e s s .  Nitrat ion of azaindole [ with fuming n i t r ic  acid led to opening 
of the py r ro l e  r ing and the fo rma t ion  of 2 -me thoxy-3 -cyano -4 - (p -n i t r obenzy l amino ) -5 -~ -n i t rooxyv iny l )py r id ine  
(VIII) in 81% yield.  We a lso  p rev ious ly  observed  s i m i l a r  cleavage of the py r ro l e  r ing during a study of the 
Chichibabin reac t ion  in the 5-azaindole s e r i e s  [6]. 

The m a s s  s p e c t r u m  of VIII contains a m o l e c u l a r - i o n  peak with m / z  371 and peaks  of f r agments  with m / z  
326 (M-NO2), 310 (M-NO3) , and 284 (M-C2H2NO3). The following c h a r a c t e r i s t i c  s ignals  are  p resen t  in the 
PMR s p e c t r u m  of pyridine VIII (in CDCI 3 +CF3COOH): 4.1 (d, 2H, C6H4CH2), 4.32 (s, 3H, CH30), 5.20 (d, i l l ,  
a - H  of the pyr id ine  r ing),  5.60 (d, 1H, = C H - C N O 2 ;  J =20 Hz), 6.20 (s, 1H, C H = ) ,  7660 (d, 2H, 2-H and 6-H in 
the phenyl r ing),  and 7.40 ppm (d, 2H, 3-H, and 5-H in the phenyl r ing,  J =8 Hz). 

It has been p rev ious ly  shown [7] that,  depending on the c h a r a c t e r  of the reagent  and the reac t ion  condi-  
t ions,  e lec t rophi l i e  subst i tut ion reac t ions  in 4 - m e t h y l - 6 - c h l o r o - 7 - a z a i n d o l i n e  (XII) take place in the 5 posi t ion 
of the pyridine f ragment  of the molecule  or  at the ni t rogen a tom of the pyr ro l ine  r ing.  We also uncovered s i m i -  
l a r  p r inc ip les  of e lec t rophi l ic  reac t ions  in the case of 6-oxo-5-aza indol ine  (IX). During a study of the PMR 
spec t r a  of IX we observed  that the 7-H proton of this substance is readi ly  exchanged by deu te r ium when the 
compound is d isso lved  in deu te roace t ic  acid at 20~ As in the case of 7-azaindol ine  der iva t ive  XII [7], the 
b romi lmt ien  of IX takes  place quite smoothly  at the carbon a tom of the pyridine r ing.  6 - O x o - 7 - b r o m o - 5 - a z a -  
indoline (X) is obtained in 74%yield [1]. Jus t  as  in the case of XII [7], the chlorinat ion of IX does not stop with 
the monoehloro  de r iva t ives  but read i ly  p roceeds  fu r the r  to give products  of more  profound chlorination.  It has 
been p rev ious ly  noted that a mix tu re  of N i -  and Cs-n i t ro  de r iva t ives  is obtained in the ni t ra t ion of 7-azaindol ine 
compound XII; N-~C migra t ion  of the n i t ro  group p roves  to be hindered [7]. In the case of 6-oxo-5-aza indol ine  
(IX) ni t ra t ion under  var ious  conditions (at 0 and -15~ leads  to the fo rmat ion  of only the N~-nitro der iva t ive  
(XIa). At tempts  to r ea l i ze  N-*C migra t ion  of the ni t ro  group did not give posi t ive  r e su l t s :  Redox p r o c e s s e s  
take place when XIa is t r e a t ed  with sul fur ic  acid at 20~ and 1 -n l t r o -6 -oxo -5 -aza indo l e  (XIila) is fo rmed  (ac- 
cording to the PMR spec t ro scop ic  data).  The following s ignals  a r e  obse rved  in the PMR spec t rum of a mix tu re  
of XIa and XIII r e co rded  in CDC13 with added CH3COOH: 3.30 r 2H, 3-H, XIa), 4.60 r 2H, 2-H, XIa), 7.0 (s, 
1H, 7-H, XIa), 7.80 (s, 1H, 7-H, XIII), 7.83 (s, 1H, 4-H, XIa), 8.52 (s, 1H, 2-H, XIII), and 9.35 ppm (s, 1H, 4-H, 
XIlI). The r eac t ion  is accompanied  by pronounced res in i f ica t ion ,  which hinders  s epa ra t ion  of Xla and XIII, the 
ra t io  of which in the reac t ion  mix tu re  is 1 : 5, according to the P1V[R spec t roscop ic  data.  

As in the ease of ni t rat ion,  fo rmyla t ion  of IX by means  of the Vi l smeie r  complex,  which leads  to the f o r -  
mat ion  of J - fo rmyl -6 -oxo~5-aza indo l ine  (XIb), t akes  place se lec t ive ly  at  the N 1 a tom.  

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

The IR spec t r a  of mine ra l  oil suspens ions  of the compounds were  r eco rded  with a P e r k i n - E l m e r - 4 6 7  
s p e c t r o m e t e r .  The UV s pec t r a  of solutions of the compounds in ethanol we re  r eco rded  with a P e r k i n - E l m e r -  
402 spec t ropho tome te r .  The PMR s pec t r a  of solutions of the compounds in CDCI3, except  where  specia l ly  in-  
dicated otherwise  in the text ,  were  r eco rded  with a JNM-4H-]00  s p e c t r o m e t e r  with t e t r amethy l s t l ane  as the 
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internal  s tandard .  The chromatographic  m a s s  spec t r a  were  r eco rded  with a Varian Matt I[I ch romatograph ic  
m a s s  s p e c t r o m e t e r  at 70 eV with hel ium as the c a r r i e r  gas .*  The synthes is  of 6 - o x o - 7 - b r o m o - 5 - a z a l n d o l i n e  
{Xa) was descr ibed  in [1]. 

1 - B e u z y l - 3 - b r o m o - 6 - m e t h o x y - 7 - c y a n o -  5-azaindole  (ID. A 2.49-g (16 mmole)  sample  of bromine  was 
added dropwise at 0~ to a solution of 1.57 g (6 mmole)  of 1 - b e n z y l - 6 - m e t h o x y - 7 - e y a n o - 5 - a z a i n d o l e  (I) i n 1 5 m l  
of ch lo roform,  af ter  which the mix tu re  was s t i r r ed  at the s a m e  t e m p e r a t u r e  for  4 h. The prec ip i ta te  was r e -  
moved by f i l t ra t ion  and washed with acetone to give 2.4 g of the hydrobromide  of II, which was dissolved in 50 
ml of water .  The solution was made alkaline with 50% aqueous po t a s s ium carbonate  solution, and the resu l t ing  
prec ip i ta te  was r emoved  by f i l t ra t ion to give 2 g (97%) of yel low c ry s t a l s  with mp 274-275~ (from methanol) .  
The product was quite soluble in ch loroform,  alcohols ,  acetone,  and d ime thy l fo rmamide  (DMF), only slightly 
soluble in ethyl ace ta te ,  and insoluble in e ther ,  hexane, and wa te r .  IR s p e c t r u m :  ]575 (C--C),  ]600 (C =N) ,  
and 2220 cm -1 (C-N) .  UV spec t rum,  ~-max (log ~):  208 (4.40), 238 (4.58), 295 (3.60), and 335 nm (3.64). PMR 
s p e c t r u m :  4.10 (s, 3H, CH30), 5.55 (s, 2H~ CH2C6H5) , 7.00 (s, 1H, 2-H), 7.10-7.40 (m, 5H, C~Hs), and 8.50 ppm 
(s, 1H, 4-H).  Found: C 56.4; H 3.7; Br 23.2; N 12.4%; M + 342. Ci6H12BrN30. Calculated %: C 56.2; H 3.5; 
Br 23.4; N 12.3%; M 342. 

1 - B e n z y l - 3 - f o r m y l - 6 - m e t h o x y - 7 - c y a n o - 5 - a z a i n d o l e  (III). A 0.23-g (9 mmole )  sample  of azalndole [ was 
added to the Vi l sme ie r  reagent  p r e p a r e d  f r o m  10 ml  of DMF and 1 ml (10 mmole)  of phosphorus  oxychloride,  
a f te r  which the mix tu re  was s t i r r ed  at 70~ for  2 h. It was then poured over  ice, 20 ml  of a 20%aqueous so lu-  
tion of sodium hydroxide was added, and the mix tu re  was heated to the boiling point.  The resul t ing  prec ip i ta te  
was r emoved  by f i l t ra t ion and washed with wa te r  to give 0.13 g (52%) of fo rmylaz indole  III as co lo r l e s s  c ry s t a l s  
with mp 189-190~ The product  was quite soluble in methanol  and ch lo roform,  only sl ightly soluble in ethyl 
ace ta te  and benzene,  and insoluble in e ther ,  heptane,  and wa te r .  IR s p e c t r u m  : 1580 (C---C); 1615 (C----N); 
1680 (C--O); 2220 (C---N); 2750, 2820 em -1 (CHO). PMR s p e c t r u m :  4.10 (s, 3H, CH30), 5.65 (s, 2H, CH2CGHs), 
7.20-7.35 (m, 5H, C6H5), 7.60 (s, 1H, 2-CH), 9.24 (s, 1H, 4-CH), and 9.94 (s, 1H, CHO). Found: C 69.8; H 4.8; N 
N 14.3%; M + 291. CiTHi3N302. Calculated %: C 70.1; H 4.5; N 14.4~ M 291. 

1 - B e n z y l - 3 - a c e t y l - 6 - m e t h o x y - 7 - c y a n o - 5 - a z a i n d o l e  (IV). A 5-ml  (70 mmole )  sample  of acetyl  chloride 
was added to a solution of 5.2 g (39 mmole)  of a luminum chloride in 20 ml  of dicMoroethane,  and the mix tu re  
was s t i r r e d  for  15 rain. A solution of 0.5 g (2 mmole)  of azaindole I in 20 ml  of dichloroethane was added, and 
the mix~ture was s t i r r e d  at 20~ for  2 h. It was then poured into a solution of 20.3 g of po t a s s ium sodium ta r t a te  
in 100 ml  of wate r ,  and the mixture  was ex t rac ted  with two 100-ml por t ions  of n-butyl  alcohol .  The combined 
butanol ex t r ac t s  were  dr ied with m a g n e s i u m  sulfate  and evapora ted ,  and the res idue  (0.6 g) was r e c r y s t a l l i z e d  
f r o m  benzene to give 0.28 g (48.3%) of acety lazaindole  !Vas  c o l o r l e s s  c ry s t a l s  with mp :152-153~ The product  
was quite soluble in ethyl ace ta te ,  ch loroform,  a lcohols ,  and DMF, only sl ightly soluble in e ther  and benzene,  
and insoluble in hexane and wate r .  IR s pec t rum (in (CHC13): 1580 (C ---C), 1615 (C =N) ,  1675 (C ---O), 2220 cm -i  
(C-N) .  UV s p e c t r u m ,  Xmak (log e ) :  206 (4.44), 228 (4.46), 270 (3.87), 292 (3.95), and 325 nm (4.36). PMR 
s p e c t r u m :  2.45 (s, 3H, CH3CO) , 4.10 (s, 3H, CH30), 5.62 (s, 2H, CH2C6Hs), 7.25-7.40 (m, 5H, CGHs), 7.56 (s, 1H, 
2-H), and 9.32 ppm (s, 1H, 4-H).  Found: C 70.6; H 5.0; N 14.1%; M + 305. CisHisN302. Calcula ted %: C 70.9; 
H 5.0; N 13.8%; M 305. 

1 -Benzy l -3 -d i m e t hy l am i nom e t hy l -6 -hyd r oxy -7 -cyano -5 -aza indo l e  (V). A 0.33-g (4 mmole)  sample  of 
d imethylamine hydrochlor ide  and 0.12 g (4 mmole)  of pa ra fo rma ldehyde  were  added to a solution of 0.5 g (2 
mmole )  of azaindole I in 20 ml  of n-butyl  alcohol,  and the mix tu re  was ref luxed for  5 h. It was then evapora ted  
to d ryness ,  50 ml  of 1 N hydrochlor ic  acid was added, and the nonbasic  impur i t i es  we re  ex t rac ted  with e ther .  
The aqueous l aye r  was neutra l ized with am m on ia  and ex t rac ted  with two 100-ml por t ions  of n-butyl  alcohol .  
The combined butanol ex t r ac t s  were  dr ied with m a g n e s i u m  sulfate and evapora ted ,  and the res idue  (0.43 g) was 
t r ea t ed  with an alcohol solution of hydrogen chlor ide.  The prec ip i ta te  was r e c r y s t a l l i z e d  f r o m  isopropyl  a l -  
cohol to give 0.29 g (42.6%) of aza indo leVhydra t e  hydrochlor ide  as  co lo r l e s s  c r y s t a l s  with mp ]50-151~ The 
product  was quite soluble in water ,  methanol ,  and DMF, only s l ight ly soluble in isopropyl  alcohol and acetone,  
and insoluble in e ther  and hexane.  Found: C 60.2; H 5.6; C1 9.9; N 15.7%. CisH18N40"HC1 "H20. Calculated:  
C 59.9; H 5.9; C1 9.8; N 15.6%. Base V was obtained as  co lo r l e s s  c ry s t a l s  with mp 290-291~ The base  was 
quite soluble in isopropyl  alcohol,  methylene chlor ide,  and DMF, only sl ightly soluble in acetone ,  and insoluble 
in e ther ,  hexane, and ethyl ace ta te .  IR s p e c t r u m :  1580 (C ---C); 1620 (C ---N); 1670 (C =O);  2200 (C-N) ;  3100, 
3260 cm -1 (NH). Found: C 70.7; H 5.5; N 18.5%; M+306.  CisHIsN40. Calculated:  C 70.6; H 5.9; N18.3%;M306.  

*The spec t r a l  s tudies were  made  by K. F. Turchin,  O. S. Anis imova,  and E. M. Pe res l en i  and c o - w o r k e r s  in 
the Labo ra to ry  of Phys icochemica l  Methods of Invest igat ion of the S. Ordzhonikidze All-Union Sc ien t i f i c -Resea rch  
Insti tute of Pha rmaceu t i ca l  Chemis t ry  under  the d i rec t ion  of P r o f e s s o r  Yu. N. Sheinker.  

270 



] - B e n z y l - 3 - n i t r o - 6 - m e t h o x y - 7 ~ c y a n o - 5 - a z a i n d o l e  (VI) and 1 - ( p - N i t r o b e n z y l ) - 3 - n l t r o - 6 - m e t h o x y - 7 - c y a n o -  
5-azaindole  (VII). A 0 .2 -ml  sample  of concent ra ted  HNO 3 was added to a cooled (to -10~ solution of 0.5 g 
(21 mmole )  of a z a i n d o l e I i n l 0 r n l  of concent ra ted  H2SO4, and the mix tu re  was s t i r r ed  at - ] 0 ~  for  30 rain. It 
was then poured over  a mix tu re  of ice with concent ra ted  ammon ium hydroxide,  and the aqueous mix ture  was 
ex t rac ted  with methylene  chloride (two 200~ml por t ions) .  The solvent was removed  by dis t i l la t ion to give 0.47 g 
of yel low c ry s t a l s  with mp 190~192~ The product  was quite soluble in ch loroform,  ethyl ace ta te ,  and DMF, 
only sl ightly soluble in benzene,  and insoluble in wa t e r  and e ther .  Three  molecu la r  ions a re  p resen t  in the 
m a s s  s p e c t r u m :  M + 308 and 353 (VI and VII, r e spec t ive ly )  and 263 (I). PMR spec t rum (in CF3COOD + CDC13): 
4.37 (VII, s, 3H, CH30), 4.45 (VI, s, 3H, CH30). 5.75 (VI, s,  2H, CH2C6Hs), 5.95 (VII, s,  2H, CH2CGHs), 7.00-7.50 
(In, VI, 2H, 2-H +VII, 5H, C6H5) , 8.21 (In, VII, 2H, 2-H, 6-H, CGH4NO 2 +VII, 2H, 2-H), 8.81 (In, VII, 2H, 3-H, 
5-H, C~H4NO2 + VI, 2H, 4-H),  and 9.42 (VII, s, 1H, 4-H).  The ra t io  of V I t o  VII was 2 .5 :1 .  

2 -Methoxy-3-cyano-4-{p-n i t robenzy lamino) -5 - (8~ni t rooxyviny l )pyr id ine  (VIII). A 1-ml  sample  of fuming 
HNO 3 was added to a cooled (to -20~ l l - m l  sample  of concentra ted H2SO4, a f t e r  which 0.5 g (2 mmole)  of 
azaindole I was spr inkled  into the mix tu re  at -15~ and the mix tu re  was s t i r r ed  at 1 h. It was then poured 
over  a mix tu re  of ice with concent ra ted  am m on ium hydroxide,  and the aqueous mix tu re  was e x t r a c t e d  with 
methylene  chlor ide  {two 100-ml por t ions) .  The ex t rac t  was dr ied with magnes ium sulfate and evaporated to 
give 0.58 g (82%) of pyr id ine  VIII as  l igh t -ye l low c r y s t a l s  with mp 181-182~ (dec.). The product  was quite 
soluble in methanol  and DMF, only sl ightly soluble in ethyl acet~tte and ch loroform,  and insoluble in e ther  and 
wa te r ,  iR s p e c t r u m :  1580 iC ~C) ,  1610 (C=N) ,  1645 (ONO2) , 2200 (C-=N), and 3100 cm -1 (NH). Found: C 
51.6; H 3.2; N 18.9%; M +371.  Ci6Hi3NsOG; Calcula ted:  C 51.8; H 3.5; N 18.9%; M 371. 

1 -Ni t ro -6-oxo .  5-azaindol ine  (XIa). A 2~ ml  sample  of concentrated HNO 3 was added at -15~ to a solu-  
t ion of 5 g (37 mmole )  of IX in 60 mt  of concent ra ted  H2SO4, and the mix tu re  was s t i r r ed  for  3.5 h. It was then 
poured over  a m ix t u r e  of ice with concent ra ted  a m m o n i u m  hydroxide,  and the prec ip i ta te  was r emoved  by f i l t r a -  
tion to give 6.07 g (91%) of XIa with m p >  300~ (dec.). The yellow crys ta l l ine  product  was soluble in DMF, 
l e s s  soluble in methanol ,  and insoluble in other  organic  solvents  and wa te r .  IR spec t rum:  1592 (C : C ) ;  1650 
tC =N);  1660 (C =O);  3080, 3100, 3120 cm -i  (NH). PMR spec t rum (in CF3COOD +CDC13):3.40 (t, 2H, 2-H),  
4.68 (t, 2H, 2-H), 7.61 (s, 1H, 4-H), and 7.89 ppm is, I~H, 7-H).  Found: C 46.4; H 4.1; N 23.1%; M + 181. 
CTHTN303. Calcula ted:  C 46.4; H 3.9; N 23.2%; IV[ 181. 

1 - F o r m y l - 6 - o x o - 5 - a z a i n d o l i n e  (XIb). A 0 .5-g  (4 mmole)  sample  of IX was added to t h e V i l s m e i e r  reagent  
p r e p a r e d  f r o m  20 ml  of DMF and 1.68 g (11 mmole )  of phosphorus  oxychloride,  and the mix tu re  was s t i r r ed  at 
50~ for  4 h. It was then cooled and t r e a t e d  with 20 rr,1 of 20% aqueous sodium hydroxide,  and the mix tu re  was 
heated to the boiling point.  It was then cooled and ex t rac ted  with methylene  chloride (two 200-ml port ions) .  The 
ex t rac t  was dr ied with m a g n e s i u m  sulfate and evapora ted  to give 0.05 g (8%) of XIb as shiny yellow pla tes  with 
mp 305-306~ The product  was quite soluble in methanol ,  DMF, and wate r ,  only slightly soluble in e thy lace ta te ,  
and insoluble in benzene,  hexane,  and e the r .  IR s p e c t r u m :  1620, 1630 (C =N,  C =O);  1660 iCHO); 2700 (CHO); 
3125, 3320 cm - i  (NH). PMR s p e c t r u m  (d~-DMSO): 2.76 {t, 2H, 3-H), 3.73 (t, 2H, 2-H), 7.00 (s, 1H, 4-H), 8.70 
(s, 1H, 7-H),  and 9.30 ppm is, 1H, CHO). Found: C 58.7; H 4.7; N 17.0%; M + 164. CsHsN202. Calculated:  C 
58.5; H 4.9; N 17.1%; M 164. The 0.35 g of subs tance  that  p rec ip i ta ted  f rom the aqueous l aye r  was identified 
(from m a s s - s p e c t r o m e t r i c  data) as a mix tu re  of 6 -ch loro-5-aza indol ine ,  1 - fo rmy l -6 -eh lo ro -5 -aza indo l ine ,  and 
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