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A number  of 5 -  and 7-aza indol ines  we re  oxidized to the cor responding  azaindoles  by  m e a n s  of 
act ivated manganese  dioxide. The dependence of the ea se  of dehydrogenat ion of 5 -  and 7 - a z a -  
indolines by act ivated manganese  dioxide on their  oxidation potent ia ls  is  demons t ra ted .  

In r e cen t  y e a r s  ac t ivated manganese  dioxide has  been  used for  the convers ion  of indoline compounds to 
indole de r iva t ives  [2, 3]. 

P r e o b r a z h e n s k a y a  and c o - w o r k e r s  have  r epo r t ed  the use  of this r eagen t  a lso  for  the dehydrogenat ion of 
1 - [ 2 , 3 , 4 - t r i - O - a c e t y l - ~ - L - a r a b i n o p y r a n o s y l ] - 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  [4]. In connection with the 
sys t emat i c  study of the redox  reac t ions  of i s o m e r i c  aza(diaza) indol ines  and indoles [5, 6] we made  a m o r e  
detai led study of the poss ibi l i ty  of the use of act ivated manganese  dioxide for the convers ion  of va r ious  sub-  
sti tuted azaindolines to the co r respond ing  azaindoles  and de te rmined  the l imi ts  of appl icabi l i ty  of this method. 

The f resh ly  p r e p a r e d  T fo rm of manganese  dioxide, obtained by the method in [7], o r ,  in the case  of 
m o r e  eas i ly  oxidized subs tances ,  act ivated manganese  dioxide,  obtained by the Attenborongh method (in the 
l a t t e r  case  this  is ment ioned in the exper imen ta l  section),  was  used as the oxidizing agent. 

We invest igated 5 -  and 7-aza iadol ines  (I) with va r ious  subst i tuents  at tached to the pyr ro l ine  n i t rogen 
a tom and the ca rbon  a toms  as  the azaindoline der iva t ives .  The invest igated compounds had oxidation ) o t e n -  
t ia l s  over  a b road  range  cha rac t e r i z ed  by Et/2 values  f rom 0.9 to 1.86 V. 
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a X=CH, Y=N, R=C~Hs, R'=CH~, R"=CI; b X=N, Y=CH, R=C~Hs, R'=H, R'=OH; 
c X=N, Y=CH, R=R'=R?=H;  d X=CH, Y=N, R=CH3CO, R'=CH3, R"=CI; e X=CH, 
Y=N, R=C6Hs, R'=CHs, R"= (CzHs)2NCH2CH20; f X=N, Y=C--CN, R=C~HsCH:, R'=H, 
R"=CI; g X=N, Y=C--CN, R=C6HsCH~, R'=H, R"=OH; hX=N,  Y=CH, R=R'=H,  

R"=OH 

The oxidation was c a r r i e d  out in va r ious  solvents :  ca rbon  t e t r ach lo r ide ,  benzene,  and xylene. No s t r i c t  
reg , f la r i t i es  in the effect  of the cha rac t e r  of the indicated solvents  on the cou r se  of the r eac t ion  were  observed.  
The use of pyridine or ch lo ro fo rm (in o rde r  to inc rease  the solubil i ty of s ta r t ing  azaindolines I) as  the solvent 
in the oxidation of y - m a n g a n e s e  dioxide did not give pos i t ive  resu l t s :  even in those c a s e s  where ,  for example ,  
the oxidation of If  with manganese  dioxide in ca rbon  t e t r ach lo r ide  occu r r ed  at  r oom t e m p e r a t u r e  for 15 h, the 
analogous p r o c e s s  in pyr idine gave only t r a ce s  of IIf,  and the azaindoline de r iva t ive  was  bas ica l ly  r e c o v e r e d  
unchanged. Deact ivat ion of the oxidizing agent  evidently occu r s  under the influence of pyridine and chloroform.  

The addit ion of f r e sh  por t ions  of act ivated manganese  dioxide a c c e l e r a t e s  the p roce s s .  Removal  of the 
wa te r  fo rmed  during the oxidation in a D e a n - S t a r k  appara tus  does  not have a significant effect  on the oxida-  
tion. 

*See [1] for communica t ion  56. 
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As expected,  the magnitude of the oxidation potent ial  of the azaindoline compound was m o s t  impor tan t  
for  the inves t igated reac t ion .  The El/2 va lues  of azaindoline compounds Ia -h  w e r e  de te rmined  by po l a ro -  
graphy by the method desc r ibed  in [5] ; the r e s u l t s  a r e  p resen ted  in the expe r imen ta l  section.  

A c o m p a r i s o n  of the  oxidation potent ia ls  (El/2 ) with the r e su l t s  of dehydrogenat ion of 5 -  and 7 -aza indo-  
l ine de r iva t i ve s  under the influence of act ivated manganese  dioxide m a k e s  it poss ib le  to a s s e r t  that  this oxi-  
dizing agent  is a s t ronge r  dehydrogenat ing agent  than dichlorodicyanoquinone or chloranil .  As noted in [6], 
chlorani l  oxidizes  azaindoline de r iva t ives  that have  El/2 values  lower than 1.1 V, and the s t ronger  oxidizing 
agent  dichlorodicyanoqulnone dehydrogenates  azaindol ines  with El/2 values  to 1.2 V. Activated 7 - m a n g a n e s e  
dioxide is capable  of dehydrogenat ing azaindol ines  with El/2 values  up to 1.4 V (e.g. ,  If  with El/2 1.35 V ). 

Substances  with El/2 values  g r e a t e r  than 1.4 V (e.g. ,  Ib with El/2 1.45 V, Ig with Et/2 1.61 V, and Ih with 
El/2 > 1.86 V ) cannot be  conver ted  to the cor responding  azaindoles  (Ilb,g,h) even in the case  of  prolonged 
heat ing with ac t ivated T - m a n g a n e s e  dioxide and the addition of f r e sh  por t ions  of the oxidizing agent. 

As noted in [5], azaindol ines  that  have  such El/2 values  a r e  not oxidized to azaindoles  even when they 
a r e  heated with sulfur up to 240~ or  with se len ium up to 300~ or  in the case  of t h e r m a l  t r ea tmen t  with pa l -  
ladium. Act ivated manganese  dioxide obtained both by the Attenborough method and by  the Vereshchag in  
method is not only a m o r e  ac t ive  dehydrogenat ing agent  than the quinones normal ly  used for th is  purpose ,  but,  
in con t r a s t  to the l a t t e r ,  i t  does not give complexes  of the aza i ado le -hydroqu inone  type that  hinder  the i so l a -  
t ion and pur i f ica t ion  of the reac t ion  products .  In this connection, the y ie lds  of azaindole compounds a r e  higher  
in many  ca se s  in expe r imen t s  with ac t ivated manganese  dioxide than in the case  of exper imen t s  with quinones. 

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

The v o l t - a m p e r e  cu rves  of the invest igated compounds were  r eco rded  with a PA-101 po la rograph  
(Yanagimoto,  Japan).  The Eft2 values  were  de te rmined  by  po la rographic  oxidation on a plat inum rota t ing  disk 
(1880 rpm) e lec t rode  (S = 0.031 cm 2) in an iner t  e l ec t ro ly te  (0.5 M NaC104 in ethanol)  a t  25.0 • 0.1~ the 
c o m p a r i s o n  e l ec t rode  was a sa tura ted  ca lomel  ha l f  cel l ,  and the a c c u r a c y  in the m e a s u r e m e n t s  was ~0.01 V. 
The expe r imen ta l ly  found El/2 values  were :  Ia 0.92, Ib 1.45, Ic 0.95, Ie 0.95, If 1.35, Ig 1.61, and Ih > 1.86 V. 
The El/2 value of 1.07 V for Id was calcula ted f rom the co r re l a t ion  equation der ived  in [5] : E1/2 = 0.8 + 
0.37z + + 0.14or* (u + = 0.114, and u* = 1.65). The UV s p e c t r a  of solutions of the azaindoline$ and azaindole 
compounds were  r e co rded  with an EPS-3 spec t ropho tomete r .  The end of the dehydrogenat ion of azaindolines I 
was  moni to red  f rom the d i s appea rance  of the peak  of I on the gas- l iquid  ch roma tog ram.  A P y e - U n i c a m  
ch roma tog raph  with a c a t h a r o m e t e r  a s  the de tec to r  and a 2.5 m by  4 m m  glass  column were  used; the s ta t ion-  
a r y  phase  was  FS-1 e l a s t o m e r  applied in 37o amounts  to s i lanized dia tomite  (80-100 mesh) the column t e m -  
p e r a t u r e  was 250~ and the hel ium flow r a t e  was 30 m l / m i n .  

1 - P h e n y l - 4 - m e t h y l - 6 - c h l o r o - 7 - a z a i n d o l e  (IIa). A solution of 5.85 g (24 mmole)  of azaindoline Ia  [8] in 
200 m l  of xylene was  ref luxed with s t i r r i ng  for 5 h with 23 g of ac t ivated (by the Attenborongh method)  m a n -  
ganese  dioxide,  a f t e r  which the p rec ip i t a t e  was r emoved  by f i l t ra t ion  and washed with hot xylene. The res idue  
a f t e r  evapora t ion  of the f i l t r a te  was  vacuum dis t i l led to give 4.73 g (82%) of azaindole IIa  [9] with bp 187-188~ 
(3 mm) as co lo r l e s s  c r y s t a l s  with mp 71-72~ ( f rom methanol ) .  The product  was quite soluble in benzene,  
xylene,  and ch lo ro fo rm,  sl ightly soluble in a lcohols ,  and insoluble in water .  UV spec t rum,  Xmax( e):  C 69.2; 
H 5.6; C1 14.2; N 11.5%. CI4HliC1N2. Calculated:  C 69.3; H 4.6; C1 14.6; N 11.5%. 

1 - A c e t y l - 4 - m e t h y l - 6 - c h l o r o - 7 - a z a i n d o l e  (IId).  This  compotmd was obtained f rom 3.15 g (15 mmole)  of 
1 - a c e t y l - 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  (Id) [10] under the same  conditions and was purif ied by vacuum 
sublimation.  The yield was 1.89 g (61%). The co lo r l e s s  c r y s t a l s ,  with mp  119-120~ were  quite soluble in 
benzene ,  ch lo ro fo rm,  and xylene,  s l ightly soluble in a lcohols ,  and insoluble in water .  UV spec t rum,  •( e): 
233 (17780), 256 nm (9400). Found: C 57.9; H 4.5; C1 17.2; N 13.6%. C10HsC1N20. Calculated: C 57.6; H 4.41; 
C1 17.0; N 13.4%. 

1 - P h e n y l - 4 - m e t h y l - 6 - ( 2 ' - d i e t h y l a m i n o e t h o x y ) - 7 - a z a i n d o l i n e  (Ie). A 6.1 g (25 mmole)  sample  of 1 -  
p h e n y l - 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  ~Ia) [8] was added to po tass ium alkoxide obtained f rom 2.1 g (55 m g -  
atom) of po ta s s ium and 21 ml  (158 mmole)  of die thylaminoethanol ,  and the mix tu re  was heated at 180~ for 7 
h. The excess  die thylaminoethanol  was r e m o v e d  by dist i l la t ion,  30 ml  of water  was added to the res idue ,  and 
the mix tu re  was ex t rac ted  with benzene.  The benzene  ex t r ac t  was washed with 4% hydrochlor ic  acid,  dr ied  

t UV s p e c t r a  for the cor responding  azaindol ines ,  Xmax( e): Ia  286 (19200), 329 nm (14500); Id 250 (12380), 
390 nm (12380); If 223 (25500); 276 (16800), 331 nm (5500). 
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with potassium carbonate, and evaporated in vacuo. The residue was distilled with collection of the fraction 
with bp 204-206~ (2 ram) to give 6.07 g (75%) of aza i~ol ine  Ie as colorless crystals  with mp 60-61~ (from 
alcohol). The product was quite soluble in ether, acetone, and ethyl acetate, slightly soluble in alcohols, and 
insoluble inwater .  UV spectrum, },(e): 278 (I5760), 331 nm (21060). Found: C 73.9; H 8.2; N 13.2%. 
C~I27N30. Calculated: C 73.8; H 8.4; N 12.9%. The hydrochioride was obtained as colorless crystals  xvith 
nap 185-186~ The product was soluble in chloroform, methanol, hot e~anol ,  and hot water but insoluble in 
acetone, ethyl acetate, and benzene. Found." C 66.4; H 8.0; C1 9.7; N 11.6%. C20HnN30. HC1. Calculated: 
C 66.4; H 7.8; C1 9.8; N 11.6%. 

1-Phenyl-4-methyl-6-(2'-diethylaminoethoxy)-7-azaindole {IIe). This compound was obtained from 3.25 
g (10 mmole) of azaindoline Ie under the same conditions as in the preparation of IIa and was purified by 
vacuum distiUatiom The yield was 2.51 g (73%). The colorless crystals ,  with nap 55-56~ and bp 206-208~ 
(1 ram), were quite soluble in noupolar solvents, less  soluble in alcohols, and insoluble in water. UV spec-  
trum, Xmax(e):  258 (15600), 330 ran(7040). Found: C 74.0; H 7.7; N 12.9%. C20H27N~O. Calculated: C 74.3; 
H 7.8; N 13.0%. 

1-Benzyl-6-chloro-7-cyano-5-azaindole (IIf). A 3-g (11.1 mmole) sample of azaindoline IIf [11] was 
dissolved iu 1.5 l i ters  of hot carbon tetrachloride, the solution was cooled to room temporature,  and 20 g of 
activated T-manganese dioxide was added with stirring in 5 g portions in the course of 15 rain. The resulting 
precipitate was removed by filtration and washed with 100 ml of carbon tetrachloride, and the filtrate was 
evaporated to give 2.08 g (70%) of IIf as colorless crystals  with mp 107-108~ (from cyclohexane). The prod- 
uct was quite soluble in benzene, chloroform, and xylene and slightly soluble in cyclohexane and water. UV 
spectrum, Xmax(e):  241 (29400), 302 nm(3530). Found: C 67.3; H 4.0; C1 13.0; N 15.9%. CIsH10CIN3. Cal- 
culated: C 67.3; H 3.8; cl 13.2; N 15.7%. 

Under the same conditions 5-azaindoline (Ic) [12] was converted to 5-azaindole (IIc), which was identi- 
fied by comparison of the IR spectra and a mixed-melti~g-poiut determination with a genuine sample of 5 -  
azaindole [12]. 
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