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

XLIV.* PECULIARITIES OF THE SYNTHESIS OF 7-AZAINDOLINES 

DURING THE REACTIONS OF 2 ,6-DICHLORO-3-  ( f l -CHLOROETHYL-4-  

METHYLPYRIDINE (TRICHLOROCOLLIDINE) WITH PRIMARY AROMATIC 

AND STERICALLY HINDERED AMINES 

D.  M. K r a s n o k u t s k a y a  a n d  L .  N.  Y a k h o n t o v  UDC 547.759.07 

As in the case  of N-subs t i tu ted  anilines,  t r i ch lorocol l id ine  f o r m s  6-eh loro-7-aza indo l ine  de r i v -  
a t ives  r a t h e r  than 6 -amino-7-aza indo l ine  de r iva t ives  with s t e r i c a l l y  h indered p r i m a r y  amines  
of the ~ -pheny l i sopropy lamine  type.  On pas s ing  to t e r t -bu ty lamine ,  nucleophilic a t tack at the 
a and a '  posi t ions  of the pyr id ine  r ing p r o v e s  to be s t e r i c a l l y  imposs ib le ,  and dehydrohalogena-  
tion of t r i ch lorocol l id ine  to 2 .6 -d i ch lo ro -3 -v iny l -4 -me thy lpy r id ine  becomes  the pr inc ipa l  
react ion.  

The r eac t ion  of 2 , 6 -d i ch l o ro -3 - (# - ch l o roe thy l ) -4 -me thy lpy r id ine  ( tr ichlorocoll idine) (I) with N-a lkyl -  
anil ines at 190~ leads to 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  (IIa). while 1 - p h e n y l - 4 - m e t h y l - 6 -  
anf l ino-7-aza indol ine  (IH) is obtained with aniline under  the s a m e  conditions [2-4]. 

A study of the reac t ions  of I with p- toluidine and p-ch loroan i l ine  showed that  6 - a r y l a m i n o - 7 - a z a i n d o -  
l ines  (III) r a t h e r  than 6 -ch lo re -7 -aza indo l ine  de r iva t ives  (II) a r e  f o rmed  at 190 ~ in these  ca se s .  The di f fer -  
ence in the products  of the reac t ions  of I with N-subs t i tu ted  and N-unsubst i tuted anil ines is a ssoc ia ted  with 
the di f ferent  r eac t iv i t i e s  of the chlor ine a toms in the I molecule .  This d i f ference  shows up dis t inct ly in 
r eac t ions  with N-a lkyl (ara lkyl )ani l ines  but leve ls  off in the ca se  of p r i m a r y  a roma t i c  amines  at 190 ~ How- 
ever .  a d e c r e a s e  in the t e m p e r a t u r e  to 140 ~ makes  it  poss ib le  to expose the different  labi l i t ies  of the a and 
a '  chlor ine  a toms  of I in the l a t t e r  case  also: thus, heat ing it with aniline, p-toluidine,  p-chloroanf l ine ,  or  
p -an i s id ine  at 140 ~ for  7 h leads to 1 - a r 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 s  (II), and not even t r a c e s  of 
6- a ry l amino -  7-azaindol ines  (III) a r e  detected by g a s - l i q u i d  ch roma tog raphy  (GLC). 
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The yields of azaindolines a r e  d i rec t ly  dependent on the pK a of the s ta r t ing  amine,  and increas ing  the 
reac t ion  t ime  f r o m  7 to 14 h, for  example,  in the case  of p-anis idine ,  makes  it poss ib le  to only somewhat  
r a i s e  the yield of II (from 48% to 52~) but does not lead to the fo rmat ion  of amine  III. 

It is evident that it i s  n e c e s s a r y  to ove rcome  a ce r t a in  energy  b a r r i e r  for  r ep lacemen t  of the chlorine 
a tom in the a '  posi t ion of I. This b a r r i e r  is apparent ly  lower  for  p r i m a r y  a roma t i c  amines  than for  N-a lkyl -  
(aralkyl)ani l ines.  As was demons t ra ted  in [3], 6 -a ry lamino-7-aza indo l ines  a re  fo rmed  only at ~ 300 ~ on r e -  
act ion of I with, for  example,  N-methylanf l ine .  The r e su l t s  of the p r e s e n t  study provide  evidence that s i m -  
i l a r  r eac t ions  a re  r ea l i zed  even at 190 ~ for  N-unsubst i tuted anil ines.  

We have p rev ious ly  shown [5] that  the reac t ion  of 6 -ch loro-7-aza indo l ines  with p r i m a r y  and secondary  
amines  at high t e m p e r a t u r e s  p roceeds  ambiguously,  in addition to nucleophilic substi tution of the chlorine 
a tom in the 6 posi t ion the re  a r e  redox p r o c e s s e s  to give products  of the dehalogenation of the 7-azaindoline 
and the cor responding  oxidized c o m p o u n d s -  6 -amino-7 -aza indo le  der iva t ives .  In par t i cu la r ,  a mix tu re  of 
amine  IIIa, 1-phenyl-  4- methyl -  7- azaindoline (IV). and 1-phenyl-  4- methy l -  6- anilino- 7- az aindol e {V) is ob- 
ta ined f r o m  1 -pheny l -4 -me thy l -6 - ch lo ro -7 -aza indo l ine  {IIa) and aniline (after 10 h at 250~ Car ry ing  out 
the s a m e  reac t ion  at  190 ~ for  7 h with GLC analys is  of the products  made it poss ib le  to show that res in i f i ca -  
t ion is reduced  under  these  conditions, and the yields  of azaindoline IIIa  and azaindole V the re fo re  inc rease .  
In addition, 6 -ch lo ro -7-aza indo l ine  (II) does not oxidize IIIa under  such mild  conditions, i .e.,  oxidation ap- 
pa ren t ly  p roceeds  v ia  a di f ferent  mechan i sm,  and 6-unsubst i tuted 1 -pheny l -4 -methy l -7 -aza indo l ine  (IV) is 
not detected in the r eac t ion  mix tu re  by GLC. 

Compar ing  the unambiguous cou r s e  of the reac t ions  of I with p r i m a r y  a roma t i c  amines  at 190 ~ the 
high yields of resu l t ing  azaindolines III, the absence  in the reac t ion  mix tu re s  of 6 -a ry lamino-7 -aza indo les ,  
and the ambiguous course ,  under  the s a m e  conditions, of the substi tution of the chlorine a tom in ch lo roaza-  
indoline II by an a r y l a m i n e  res idue ,  which is accompanied  by the fo rmat ion  of significant amounts of 6 - a ry l -  
amino-7-aza indole ,  one should acknowledge that the convers ion  of I to azaindoline III on react ion  with p r i -  
m a r y  a r o m a t i c  amines  does not p roceed  through a s tep Involving 6-eh loro-7-aza indol ine  der iva t ive  II. 

In analyzing the r ea sons  for  the different  t e m p e r a t u r e  b a r r i e r s  to subst i tut ion of the a '  chlorine a tom 
in I under  the influence of p r i m a r y  a rom a t i c  amines  and N-alkyl(ara lkyl)ani l ines ,  one should note that they 
cannot be  reduced  to a d i f ference  in the bas ie i t i e s  of the compounds.  In fact,  aniline (:pK a 4.58*) and p-  
ehloroani l ine  ~pKa3.98) a r e  weake r  ba se s  than, for  example ,  N-methy l -  (PKa4.85) or  N-ethylani l ine (pK a 
5.11), while p- toluidine ~pK a 5.12) has m o r e  bas ic  p r o p e r t i e s .  Never the less ,  the t e m p e r a t u r e  b a r r i e r s  to 
subst i tut ion of the a ' - c h l o r i n e  a tom in I under  the influence of aniline, p-chloroani l ine ,  and p-toluidine is 
approx imate ly  the s a m e  and cons iderab ly  lower  than for  N-me thy l -  or  N-ethylani l ines .  In these  cases ,  
s t e r i c  f ac to r s  r a t h e r  than the degree  of bas i c i ty  of  the amines  evidently p lay  the leadIng role .  The ni t rogen 
a tom in ~primary a r o m a t i c  amines  is  shielded to a cons iderab ly  l e s s  extent than in N-subst i tu ted  anilines,  
and the ene rgy  b a r r i e r  to nucleophilic a t tack  for  n i t rogen-unsubst i tu ted  anil ines should be substant ia l ly  
lower .  

The fact  that  even a base  as s t rong as n -bu ty lamine  (pK a 10.6), which has a m o r e  shielded ni t rogen 
a tom than aniline, f o r m s  at 190 ~ only the 6 -ch lo ro  der iva t ive  of 7-azaindol ine  [7] with collidine I r a t h e r  than a 6-  
butylamino der iva t ive  is a lso  in good a g r e e m e n t  with this  assumpt ion .  

A branched p r i m a r y  a m i n e -  B - p h e n y l i s e p r o p y l a m i n e -  a lso  behaves  s i m i l a r l y  on reac t ion  with I: it 
f o r m s  1- ( a - m e t h y l -  B-pheny le thy l ) -4 -methy l -  6 -eh lo ro-  7- azaindoline (VI), which is dehalogenated to 1- (a -  
me thy l -B-pheny le thy l ) -4 -me thy l -7 -aza indo l ine  {VII) on a pa l lad ium cata lys t .  Fu r the r  branching of the c a r -  
bon chain in a p r i m a r y  a m i n e -  t rans i t ion  to t e r t - b u t y l a m i n e -  leads  to such significant  s t e r i e  hindrance 
that  nucleophilic a t tack in the a and a '  pos i t ions  of the pyr id ine  r ing is excluded, and the only reac t ion  path 
becomes  dehydrohalogenat ion of I to give 2, 6 -d i ch lo ro -3 -v iny l -4 -me thy lpy r id ine  (VIII). 

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

Analys is  by  GLC was p e r f o r m e d  with a P y e - U n i c a m  104 ch romatograph  with a f l ame- ion iza t ion  de-  
t e c t o r  and a 1.5 m b y 4 - m m  column fi l led with 2% SE-30 s i l icone e l a s t o m e r  on Chromosorb  W (80-90 mesh) .  
The ni t rogen flow ra te  was 27 m l / m i n ,  the p r o g r a m  conditions were  f r o m  150 to 250 ~ the initial  per iod  was 
10 rain. and the t e m p e r a t u r e - r i s e  r a t e  was 32 deg /min .  The re tent ion t imes  were :  I 2.4, IIa  14.3. IIb 9.4, 
IIc  9.1, IIIa 20.0, IIIb 14.6, IIIc 16.0, V 18.3, and VI 13.9. The re tent ion t imes  were  as follows when the 

*All of the pK a values  given a r e  f r o m  [6]. 
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products  were  ch romatographed  under  the s a m e  c ~ d i t i o n s  but at 250 ~ without p r o g r a m m e d  operat ion:  IIa  
1.2, I l ia 5.0, IV 0.8, and V 3.6 rain. 

1 - P h e n y l - 4 - m e t h y l - 6 - e h l o r o - 7 - a z a i n d o l i n e  (IIa). A mix tu re  of 2.24 g (10 mmole)  of t r iehlorocol l id ine  
(I) and 1.86 g (20 mmole)  of aniline was heated at 140 a for  7 h. It  was  then cooled, and 30 ml  of ch lo ro fo rm 
was added. The mix tu re  was f i l t e red  to give 0.84 g of aniline hydrochlor ide .  The f i l t ra te  was washed with 
a 25% aqueous p o t a s s i u m  carbonate  solution, dr ied  with po t a s s ium carbonate ,  evapora ted  to a smal l  volume. 
and analyzed by  GLC. For  p r e p a r a t i v e  separa t ion ,  it was a lso  applied to a column (height 75 cm. d i a me te r  
23 ram) containing 240 g of a luminum oxide and eluted with pe t ro l eum ether .  The f i r s t  200 ml  of eluate 
{containing 0.07 g of substance)  was discarded,  and evapora t ion  of thenext  500 ml  of eluate gave 1.11 g (50%) 
of s ta r t ing  I with mp 69-70 ~ Evapora t ion  of the next 200 ml  of eluate gave 0.23 g (9.5%) of azaindoline Ha 
with mp 116.5-117~ no mel t ing-point  dep res s ion  was obse rved  for  a mix tu re  of this  p roduc t  with the product  
obtained f r o m  I and N-ethylani l ine [3]. The r e su l t s  of GLC analys is  were  in good ag reemen t  with the r e su l t s  
of p r e p a r a t i v e  separa t ion  of the subs tances .  

React ion 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  (IIa) with Aniline. A mix tu re  of 1.22 g (5 
mmole)  of azaindoline IIa  and 1.12 g (12 mmole)  of aniline was heated at 190 ~ for  7 h, a f te r  which 5 ml  of a 
25% po ta s s ium carbonate  solution was added, and the mix tu re  was ex t rac ted  with benzene.  The ex t rac t  was 
dr ied  with po ta s s ium carbonate  and evapora ted ,  and the res idue  was analyzed by GLC. The yield of aza-  
indoline liIa was 59%, and the yield of azaindole V was 29%. Compound IV was not detected in the reac t ion  
produc ts .  Azaindoline IIa  was r e c o v e r e d  quant i ta t ively when the reac t ion  t e m p e r a t u r e  was lowered to 
140 ~ (7 h). 

1 -{p -To ly l ) -4 -m e t hy l -6 - ch l o ro -7 - aza i ndo l i ne  (lib). A mix tu re  of 3.36 g (15 mmole)  of I and 3.21 g 
(30 mmole )  of p- toluidine was heated at 140 ~ for  7 h. a f te r  which it was cooled, and 5 ml  of 25% aqueous 
solution of p o t a s s i u m  carbonate  was added. The mix tu re  was ex t rac ted  with benzene,  and the ex t rac t  was 
dr ied  with p o t a s s i u m  carbonate .  The ex t rac t  was evaporated,  and the res idue  was vacuum dist i l led to give 
1.57 g of a f rac t ion  with bp 140-210 ~ (3 ram), which, according  to GLC. contained 1.44 g (43%) of s t a r t ing  I. 
0.13 g of azaindoline IIb, and 1.35 g of a f rac t ion  with bp 210-212 ~ (3 ram), which was pure  azaindoline IIb. 
The overa l l  yield of Kb was 38%. The co lo r l e s s  c r y s t a l s  had mp 129-130 ~ (from alcohol) and were  quite 
soluble in ether ,  benzene,  ch loroform,  acetone,  and ethyl ace ta te ,  l e s s  soluble in alcohol and heptane, and 
insoluble in water .  Found ~c: C1 13.6: N 10.7. C~sHIsC1N2. Calculated %: C1 13.7. N 10.8. Compound liIb 
was not detected in the reac t ion  p roduc t s  by GLC. 

1 -{p-To ly l ) -4 -me thy l -6 - (p - to lu id ino) -7 -aza indo l ine  (IIIb). A mix tu re  of 2.24 g (10 mmole)  of I and 
3.21 g (30 mmole)  of p- toluidine was heated at 190 ~ for  7 h, a f te r  which it  was worked up as in the p reced ing  
exper iment .  The benzene ex t rac t  was evaporated,  and the res idue  was dist i l led.  The f rac t ion  with bp 243- 
245 ~ (1 ram) (2.76 g) was col lected and t r i t u ra t ed  thoroughly with alcohol.  The yield of azaindoline IIIb with 
mp 133-134 ~ was 2.42 g (75%). The product  was quite soluble in benzene, acetone,  ch loroform,  and hot ethyl 
aceta te ,  only sl ightly soluble in e ther  and heptane, and insoluble in water .  Found %: C 80.6: H 6.7: N 12.6. 
C22H23N 3. Calculated %: C 80.2, H 7.0. N 12.8. 

1 - ~ - C h l o r o p h e n y l ) - 4 - m e t h y l - 6 - e h l o r o - 7 - a z a i n d o l i n e  (IIe). A mix tu re  of 3.36 g (15 mmole )  of I and 
3.82 g (30 mmole)  of p -ch lo roan i l ine  was heated  at 140 ~ for  7 h. a f t e r  which it was worked up as in the p r e -  
ceding exper iment .  Dist i l lat ion gave 0.46 g of a f rac t ion  with bp 238-240 ~ (2 ram), which, according  to GLC, 
contained 47% of azaindoline IIc. The yield of IIc was 5.3%. The subs tance  was i so la ted  for  analys is  by 
ch roma tog raphy  on A1203 with elution with CHC13 to give co lo r l e s s  c r y s t a l s  with mp 145-147 ~ (from isopropyl  
alcohol).  The product  was quite soluble in ether ,  benzene,  acetone, ch loroform,  and ethyl acetate ,  l e ss  solu- 
ble  in alcohols and heptane, and insoluble in water .  Found %: C 60.3: H 4.3, C1 25.3: N 10.4. C14Ht2C12N 2. 
Calculated %: C 60.2: H 4.3, C1 25.4: N 10.1. 

1 -{p-Chlorophenyl ) -4 -methy l -6 -{p-eh loroan i l ino) -7-aza indo l ine  (IIIc). A mLxture of 2.24 g (10 mmole)  
of I and 3.82 g (30 mmole)  of p -ch loroan i l ine  was heated at 190 ~ for  7 h. A total  of 1.28 g of subl imed p -  
eh loroaai l ine  hydrochlor ide  sepa ra ted .  The res idue  was made  alkal ine with 50% aqueous p o t a s s i u m  ca rbo -  
nate solution and ex t rac ted  with benzene.  The ex t r ac t  was dr ied with po t a s s ium carbonate  mud vacuum 
evapora ted .  The res idue  was r e e r y s t a l l i z e d  f r o m  acetone to give 1.58 g of azaindoline IIIc with mp 150- 
151 ~ The acetone  m o t h e r  l iquor  was evapora ted ,  and the res idue  was vacuum dist i l led.  The f rac t ion  with 
bp 238-240 ~ (2 ram). which was 1.15 g of azaindoline IIIc, was collected.  The overa l l  yield of IIIc with mp 
150-151 ~ was 2.73 (74%). The p roduc t  was quite soluble in ch loroform,  hot benzene,  and acetone, but insolu-  
ble in water .  Found %: C 64.6: H 4.7:C1 19.3: N 11.1. C20HtTC12N 3. Calculated %: C 64.8: H 4.6:C1 19.2: 
N 11.4. 
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1- (p-Methoxyphenyl ) -4-methyl -6-chloro-7-aza indol ine  (IId). A mix ture  of 4.48 g (20 mmole) of I and 
4.92 g (40 mmole)  of p-anis id ine  was heated at 140 ~ for  7 h. It was then cooled, made alkaline with a 25% 
solution of po tass ium carbonate,  and ex t rac ted  with chloroform.  The ex t rac t  was dr ied with potass ium ca r -  
bonate  and evaporated,  and the res idue  was vacuum disti l led. The f i r s t  f rac t ion (5.2 g), with bp 87-218 ~ 
(1 rara), was dissolved in benzene,  and the benzene solution was washed th ree  t imes  with 8% hydrochlor ic  
acid to separa te  the p-anis id ine .  The benzene l aye r  was dr ied  with potass ium carbonate  and evaporated to 
give 1.65 g (37%) of I. The second fraction,  with bp 218-220 ~ (1 rmra), was azaindoline IId (rap 122-123~ 
The yield was 2.64 g (48%). The product  did not depress  the melt ing point of a sample of IId obtained by 
reac t ion  of I with N-rae thyl -p-anis id ine  [8]. The IR spec t ra  of the two samples  were  identical.  

1- (a -Methy l - f l -phenyle thy l ) -4 - rae thy l -6-ch loro-7-aza indol ine  (VI). A raixture of 4.8 g (21 raraole) of 
I and 5.8 g (43 raraole) of f i -phenyl isopropylamine was heated at 190 ~ for  7 h. It was then cooled, made 
alkaline with a 25% solution of po tass ium carbonate,  and ex t rac ted  with benzene.  The benzene ext rac t  was 
dr ied  with potass ium carbonate  and evaporated,  and the res idue  was vacuum disti l led. Redist i l lat ion of the 
f i r s t  fraction,  with bp 120-130 ~ (2 ram), gave 1.15 g (26%) of I with rap 69-70 ~ The second fraction, with 
bp 184-186 ~ (1 ram), was 3.0 g (49%) of azaindoline VI. The co lor less  c rys ta l s  had mp 68-69 ~ (from pe t ro -  
leum ether) .  The product  was quite soluble in ether ,  benzene,  acetone, ethyl acetate,  and chloroform,  less  
soluble in alcohol and pe t ro leum ether ,  and insoluble in water .  Found %: C 71.0: H 6.4; C1 12.47 N 9.5. 
C17H19C1N 2. Calculated %: C 71.2$ H 6.7; C1 12.3: N 9.8. 

1- (a -Methyl - f l -phenyle thyl ) -4- rae thyl -7-aza indol ine  (VII). A solution of 2.36 g (8.2 raraole) of ehloro-  
azaindoline VI in 100 ral of alcohol was hydrogenated in the p r e s e n c e  of a pal ladium catalyst ,  obtained f rom 
2 g of palladous chloride,  at 18-20 ~ with an an excess  hydrogen p r e s s u r e  of 18-20 era (water column). After  
the calculated amount of hydrogen had been absorbed,  the ca ta lys t  was removed by fil tration, the solution 
was vacuum evaporated,  and the res idue  was dissolved in 10 ml of 18% hydrochlor ic  acid. The acid solution 
was w a s h e d b y  ext rac t ion  with e the r  and made alkaline with a 50% solution of po tass ium hydroxide. The 
l ibe ra ted  base  was ex t rac ted  with ether,  and the ex t rac t  was dr ied  with potass ium carbonate  and evaporated.  
The res idue  was vacuum dist i l led at 185-187 ~ (4 ram) to give 1.78 g (86%) of azaindoline VII as a co lor less  
oi ly substance that was quite soluble in the common organic solvents  but only sl ightly soluble in water~ it 
had nD 2~ 1.5775. Found %: C 80.6. H 8.0,. N 10.9. CITH20N2. Calculated %- C 80.9; H 8.0. N 11.1. 

React ion of Tr ich loroeol l id ine  {I) with te r t -Buty lara ine .  A mixture  of 4.48 g (20 raraole) of I and 10 ral 
(95 raraole) of te r t -buty lara ine  was heated at 140 ~ in a s teel  autoclave for  7 h. The reac t ion  mixture  was 
t r e a t e d  with 50 ral of 18% hydrochlor ic  acid and 50 ral of ether ,  and the e ther  solution was separa ted  and 
washed additionally with 18% hydrochlor ic  acid. The acid solution was ex t rac ted  with ether,  and the com- 
bined e ther  ex t rac t s  were  dr ied with potass ium carbonate  and vacuum dist i l led to give 1.63 g (41%) of 2,6- 
d ich loro-3-v iny l -4- rae thy lpyr id ine  (VIII), with bp 140-143 ~ (14 rara) and nD 2~ 1.5712 [2], and 1.83 g (41%) of 
I, with bp 174-177 ~ (14 ram) and rap 69-70 ~ The hydrochlor ic  acid solution contained only ter t -butylara ine  
hydrochlor ide .  

1. 
2. 
3. 
4. 
5. 

6. 

7. 
8. 
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