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Description 

BACKGROUND  OF  THE  INVENTION 
This  invention  relates  to  a  process  for  producing  (3-carboline  derivatives. 

5  In  EP  —  A  —  110814  a  series  of  certain  (3-carboline  derivatives  are  disclosed  which  optionally  bear  a 
substituent  in  3-position  not  being  derived  from  a  carboxylic  acid. 

Carboline  derivatives,  especially  substituted  p-carboline  derivatives,  have  recently  aroused  great 
interest  in  pharmacological  research  since  they  exert  a  wealth  of  therapeutically  useful  effects  on  the 
central  nervous  system.  For  example,  they  display  anticonvulsive,  anxiolytic,  muscle  relaxing  and/or 

w  sedative  effects. 
The  importance  that  is  given  to  this  class  of  substances  is  further  reflected  in  the  great  number  of 

patent  applications  filed,  of  which  the  following  are  examples:  DE—  A—  30  1  5  81  6,  DE—  A—  30  23  567, 
DE—  A—  30  48  318  and  US—  A—  3  202  667. 

The  processes  that  are  described  in  the  literature  for  production  of  p-carbolines  have  the  drawback  that 
75  they  go  through  several  stages  and  are  not  always  satisfactory  in  yield  (R.  A.  Abramovitch  and  J.  D. 

Spenser,  Advances  in  Heterocycl.  Chemistry,  Vol.  3,  p  79). 
A  typical  carboline  synthesis  can  be  summarized  by  the  diagram  on  the  next  page. 
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Schema  of  formulas 
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35 
COOEt 

40 

45 COOEt COOEt 

6b 
50 

55 COOEt 

jg—  carboline 60 

Starting  with  indole  (1),  gramine  or  a  compound  analogous  to  gramine  (2)  is  produced  by  reaction  with 
formaldehyde  and  a  secondary  amine.  This  is  converted  into  a  tryptophan  precursor  (3)  by  reaction  with 

65  acetoamidomalonic  ester  under  basic  catalysis. 
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Racemic  tryptophan  (4)  is  formed  after  elimination  of  all  protective  groups  and  decarboxylation. 
Tryptophan  ester  (5)  is  formed  after  esterification,  from  which  a  3,4-dihydro-P  carboline  (6a)  is  formed  after 
acylation  of  the  amino  group  and  cyclization  under  Bischler-Napieralski  reaction  conditions.  A  tetrahydro-p 
carboline  (6b)  is  formed  according  to  Pictet-Spengler.  It  is  converted  into  the  carbolines  (7)  after 
dehydration. 

Apart  from  the  large  number  of  synthesis  steps  with  the  inevitable  loss  of  time  and  yield,  the 
cyclizations  according  to  Bischler-Napieralski  and  Pictet-Spengler,  cause  special  problems.  Despite 
numerous  improvements  in  these  processes,  only  a  slight  yield  results,  whereby  sensitive,  partially 
hydrogenated  intermediate  products  are  formed  which  can  cause  various  secondary  reactions.  Also,  the 
dehydrogenation  reaction  to  form  di-  and  tetrahydrocarbolines  often  results  in  a  low  yield. 

For  this  reason,  it  would  be  considered  a  particularly  important  advance  in  process  engineering,  if  it 
were  possible  to  perform  a  ring  closure  reaction  on  unsaturated  indole  precursors,  exemplified  by 
dehydrotryptophan  derivatives,  whereby  a  simple  production  process  would  be  a  prerequisite  for  the 
required  dehydrotryptophan  derivatives. 

It  would  be  a  furher  important  advance  in  process  engineering,  if  it  were  possible  to  perform  this  ring 
closure  reaction  on  a  dehydrotryptophan  derivative  in  such  a  way  that  the  aromatic  carboline  system 
would  be  formed  instead  of  a  1,2-dihydrocarboline  derivative. 

An  optimal  variant  process  for  formation  of  carbolines  would  also  require  that  it  combine  the  above 
mentioned  requirements  and  aims  in  the  performance  of  a  reaction  which  still  takes  place  regiospecifically; 
this  means  that  the  hypothetical  reaction,  for  example,  would  provide  the  desired  p-carboline  exclusively, 
without  contamination  with  other  carbolines. 

w 

is 

20 

SUMMARY  OF  THE  INVENTION 
It  is  an  object  of  this  invention  to  provide  a  process  which  fulfills  the  requirements  of  the  advances 

25  mentioned  above. 
Upon  further  study  of  the  specification  and  appended  claims,  further  objects  and  advantages  of  this 

invention  will  become  apparent  to  those  skilled  in  the  art. 
These  objects  have  been  attained  by  providing  a  process  for  producing  p-carboline  derivatives  of 

formula  I: 
30 

I)  . 
35 

wherein 
R  is  hydrogen,  one  or  two  of  halogen  atoms  or  any  organic  radicals  in  5-,  6-,  7-  or  8-position(s),  R1  and 

R4  are  the  same  or  different  and  each  is  hydrogen,  alkyl  of  1  to  3  carbon  atoms  or  alkoxyalkyl,  with  1  to  3 
carbon  atoms  in  each  of  the  alkoxy  and  alkyl  portions, 

R3  is  phenyl,  —  COOAIkyl,  —  PO3(Alkyl)2,  —  SO2Aryl,  —  SO2Alkyl, 

40 

45 
,Alkyl 

- C  and - C  -CN, - S 0 2 i  
N "Alkyl 

Alkyl 50 Alkyl 

each  with  1  to  3  carbon  atoms  in  the  alkyl  group, 
comprising  reacting  an  indole  of  formula  II: 

55 
(ID 

60 
wherein  R  is  as  defined  for  formula  I, 

with  an  azabutadiene  of  formula 
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( in ) .  

to 

wherein 
A  and  B  and  A'  and  B',  each  alone  can  independently  be  alkyl  of  1  to  3  carbon  atoms  or  together  with 

the  connecting  N-atom  each  can  independently  form  a  pyrrolidino,  piperidino,  morpholino  or  piperazino 
is  group  and  R\  R3  and  R4  are  as  defined  for  formula  I, 

in  the  presence  of  an  acid  at  an  effective  temperature  of  75—  150°C. 

DETAILED  DISCUSSION 
It  has  now  been  found  that  by  reaction  of  an  indole  of  formula  II  with  an  azabutadiene  of  formula  111,  the 

20  desired  p-carbolines  of  formula  I  are  formed  with  a  good  yield.  The  reaction  surprisingly  proceeds  regio- 
specifically  to  form  p-carbolines.  Secondary  reactions,  for  example,  formation  of  y-carbolines,  are  not 
observed. 

In  DE—  A—  2919891  the  manufacture  of  substituted  4-amino-2-aza-1,3-butadienes  is  described. 
The  reaction  according  to  this  invention  takes  place  in  the  presence  of  acids  at  an  effective  temperature 

25  of  75  to  1 5 0 ° C . .  
By  "effective  temperature"  is  meant  a  temperature  sufficiently  high  to  effect  the  cyclization.  Choice  of 

optimal  reaction  temperature  will  be  made  routinely  and  conventionally  depending  on  the  catalyst  or 
solvent  chosen.  Also  a  factor  will  be  the  substituents  on  the  indole  being  used.  Electron  donor  substituted 
indoles  generally  react  faster  and,  hence,  under  more  gentle  conditions  than  acceptor  substituted  indoles. 

30  If  temperatures  less  than  that  effective  to  cause  the  cyclizations  are  used,  the  resultant  reaction  and 
products  will  differ  from  the  present  reaction  and  products. 

The  reaction,  for  example,  is  performed  such  that  the  indole  derivative  and  azabutadiene  are  heated  in 
organic  acids,  for  example,  formic  acid,  acetic  acid,  propionic  acid  or  trifluoroacetic  acid,  or  in  inorganic 
media,  for  example,  phosphoric  acid,  polyphosphoric  acid  or  phosphorus  oxychloride.  Inert  organic 

35  solvents,  for  example,  toluene,  ethyl  acetate,  dioxane,  dimethoxyethane,  or  acetonitrile,  can  also  be  used 
as  diluents.  But  catalytic  amounts,  e.g.,  2  —  20  molar  equivalents  based  on  the  compound  of  formula  I,  of 
inorganic  acids,  e.g.,  sulfuric  acid,  hydrochloric  acid  or  perchloric  acid,  can  also  be  used  in  inert  solvents  (as 
above)  for  the  reaction. 

The  indole  and  azabutadiene  are  used  in  a  molar  ratio  of  1:1.1—1:1.5.  Usually,  the  concentration  of 

40,  total  reactants  in  the  acid  and/or  inert  solvent  is  5—50  wt.%.  The  reaction  is  preferably  carried  out  under  an 
inert  atmosphere,  e.g.,  nitrogen. 

The  acids  generally  are  strong  acids  characterized  by  a  pH  value  of  <3. 
The  reaction  is  stopped  after  several  hours.  The  course  of  the  reaction  can  be  followed  by  thin-layer 

chromatography.  The  starting  material  is  usually  fully  reacted  after  some  3  to  10  hours,  whereafter  the 

45  reaction  mixture  is  worked-up  in  the  usual  way. 
The  process  of  this  invention  is  generally  disclosed  in  terms  of  its  broad  application  to  the  preparation 

of  the  compounds  of  Formula  I.  Occasionally,  for  certain  substituents  R,  which  will  be  readily  recognized  by 
those  skilled  in  the  art,  conventional  modifications  may  be  necessary,  e.g.,  appropriate  protection  of 
interfering  groups. 

50  The  resulting  substituted  carboline  derivatives  can  be  further  substituted  by  other  known  chemical 
processes  or  the  existing  substituents  can  be  varied  further,  also  conventionally.  Hence,  the  process 
according  to  this  invention  makes  easily  available  a  large  number  of  p-carboline  derivatives. 

The  substituent  R  in  formulae  I  and  II  can  be  in  the  5-,  6-,  7-  or  8-position  or  the  4,  5,  6  or  7  position  of  the 
aromatic  ring.  The  ring  can  be  mono-  or  disubstituted  with  the  substituent  R.  R  can  be  hydrogen,  halogen, 

55  or  any  organic  radical. 
Fluorine,  chlorine,  bromine  and  iodine  are  suitable  halogen  atoms.  Suitable  organic  radicals  preferably 

include:  alkyl,  alkoxyalkyl  or  alkoxy,  each  of  1  to  4  carbon  atoms,  methylenedioxy,  benzyloxy,  aza,  cyano  or 
alkoxycarbonyl  or  dialkylamino,  each  of  1  to  4  carbon  atoms  in  each  alkyl  portion.  Suitable  aryl  groups 
include  phenyl  and  a-  or  B-naphthyl. 

60  Many  other  substituents  are  possible  and  are  disclosed  in  many  references,  e.g.,  DE—  A—  30  15  816, 
DE—  A—  30  23  567,  DE—  A—  30  48  318,  US—  A—  3,202,667,  and  US—  A—  4,371,536.  The  references  also 
disclose  in  detail  the  pharmacological  utility  of  all  the  compounds  preparable  by  the  process  of  this 
invention. 

All  of  the  starting  materials  are  either  per  se  known  or  are  conventionaly  preparable  using  fully 
65  conventional  methods  for  other  known  or  readily  preparable  starting  materials,  e.g.,  analogous  to  the 
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methods  used  for  azadienes  1  —  4  below. 
Without  further  elaboration,  it  is  believed  that  one  skilled  in  the  art  can,  using  the  preceding 

description,  utilize  the  present  invention  to  its  fullest  extent.  The  following  preferred  specific  embodiments 
are,  therefore,  to  be  construed  as  illustrative.  In  the  following  example(s),  all  temperatures  are  set  forth 

5  uncorrected  in  degrees  Celsius;  unless  otherwise  indicated,  all  parts  and  percentages  are  by  weight. 
Production  of  the  azadienes  of  formula  III  is  demonstrated  by  the  following  example: 
1)  3-dimethylamino-2-(dimethylaminomethyleneamino)-ethyl  acrylate  (azadiene  1) 
a)  See  preparation  according  to  W.  Kantlehner  et  al.,  Liebigs  Ann.  Chem.  1980,  344. 
b)  3.1  g  of  freshly  distilled  glycine  ethyl  ester  is  mixed  with  17.7  g  of  dimethylformamidediethylacetal 

10  and  0.3  g  of  potassium  tert-butylate  and  is  heated  first  at  80°C  (bath  temperature),  then  gradually  to  160°C 
(bath  temperature),  whereby  the  resulting  alcohol  and  other  readily  volatile  components  are  distilled  off. 
After  5  hours,  the  residue  is  fractionated  in  a  high  vacuum,  then  distilled  once  more  in  a  bulb  tube.  Yield: 
3.6  g  (54%);  boiling  point,  150  —  160°C  (at  0.05  torr),  gas  chromatographic  purity  97%;  n|5  1.5550. 

'5  2)  3-dimethylamino-2-(dimethylaminomethyleneamino)-crotonic  acid-ethyl  ester)  (azadiene  2) 
A  mixture  of  4.7  g  of  N)dimethylaminomethylene)-glycine-ethyl  ester  (W.  Kantlehner  et  al.,  Liebigs 

Ann.  Chem.  1980,  344),  8  g  of  dimethylacetamide-dimethylacetal  and  0.4  g  of  potassium  tert-butylate, 
analogously  to  1b),  is  heated  for  8  hours  with  distilling  off  of  the  resulting  alcohols.  The  residue  is 
fractionated. 

20 
3)  2-dimethylamino-1-(dimethylaminomethyleneamino)-ethylene-phosphonic  acid-diethyl  ester 

(azadiene  3) 
A  mixture  of  3.7  g  of  aminomethanephosphonic  acid-diethyl  ester  and  15  g  of  theaminal  ester  of  tert- 

butoxy-N,N,N',N'-tetramethylmethanediamine  is  heated  for  6  hours  to  around  160°C.  After  fractional 
25  distillation  of  the  residue  in  a  bulb  tube  at  160—  165°C  and  0.03  mm,  4.2  (69%)  is  obtained. 

4)  J\P-(2-dimethy/amino-1-phenylvinyl)-N*,/\P-dfmethyiformamidine  (azadiene  4) 
See  preparation  according  to  W.  Kantlehner  et  al.,  Liebigs  Ann.  Chem.,  1980,  344. 
The  following  examples  will  explain  the  process  according  to  this  invention  in  more  detail: 

30 
Example  1 

|3-carboline-3-carboxylic  acid-ethyl  ester 
1.2  g  of  indole  and  3.2  g  of  3-dimethylamino-2-(dimethylaminomethylene-amino-ethyl  acrylate 

(azadiene  1)  are  dissolved  under  nitrogen  in  17  ml  of  glacial  acetic  acid  and  heated  at  reflux  under  no  initial 
35  indole  can  be  seen  by  thin-layer  chromatography  (6  hours).  After  distilling  off  'most  of  the  solvent,  it  is 

poured  in  water  and  the  crystallizate  drawn  off  by  suction.  After  recrystallization  from  acetonitrile,  1.45  g 
(60%)  of  the  compound  of  the  title,  with  a  melting  point  of  2334°C,  is  obtained. 

Example  2 
40  5-methyl-p-carboline-3-carboxylic  acid-ethyl  ester 

With  ice  cooling,  22  g  of  azadiene  1  is  added  drop  by  drop  to  a  mixture  of  26  ml  of  trifluoroacetic  acid 
and  90  ml  of  glacial  acetic  acid  and  stirred  for  15  minutes  under  nitrogen.  After  addition  of  11.5  g  of  4- 
methylindole,  it  is  stirred  for  17  hours  at  room  temperature,  then  heated  for  2  hours  to  150°C  (bath 
temperature).  After  distilling  off  a  part  of  the  solvent,  the  residue  is  poured  into  aqueous  potassium 

45  carbonate  solution;  the  crystalline  material  is  drawn  off  by  suction,  washed  with  water  and  ether  and  dried. 
After  recrystallization  from  ethanol,  17.35  g  (79%)  of  the  compound  of  the  title,  with  a  melting  point  of 
264°C,  is  obtained. 

Analogously  there  are  produced: 
9-methyl-p-carboline-3-carboxylic  acid  ethyl  ester  from  N-methylindole  and  azadiene  1,  melting  point 

so  140°C  (ethanol),  yield:  52%  of  theory; 
6-chloro-(3-carboline-3-carboxylic  acid  ethyl  ester  from  5-chlorindole  and  azadiene  1,  melting  point 

292°C  (ethanol),  yield:  48%; 
5-methyl-p-carboline-3-phosphonic  acid-monoethyl  ester  from  4-methylindole  and  azadiene  3; 
5-cyano-p-carboline-3-carboxylic  acid-ethyl  ester  from  4-cyanoindole  and  azadiene  1,  melting  point 

55  304°C,  yield:  38%; 
8-aza-p-carboline-3-carboxylic  acid-ethyl  ester  from  7-azaindole  and  azadiene  1,  melting  point  250°C 

(diethylether). 

Example  3 
60  6-methyl-p-carboline-3-carboxylic  acid-ethyl  ester 

Analogously  to  example  1  ,  the  compound  of  the  title  is  obtained  from  5-methylindole  and  azadiene  1  , 
with  a  melting  point  of  254—  256°C  (form  ethanol). 

65 
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Example  4 

with  a  melting  point  of  293—  294°C  (from  acetonitrile). 

Example  5 
8-methoxy-B-carboline-3-carboxylic  acid-ethyl  ester 

Analogously  to  example  1  ,  the  compound  of  the  title  is  obtained  from  7-methoxy.ndole  and  azad.ene  1  , 
with  a  melting  point  of  273—  274°C  (from  toluene-tetrahydrofuran). 

10 
Example  6 

^ o ^ o t a ^ ^   *  obtained  from  S-b^ioxyindoie  and  Szadi8ne 

1,  with  a  melting  point  of  261—  263°C  (from  ethanol-tetrahydrofuran). 

Example  7 
5-benzyloxy-B-carboline-3-carboxylic  acid-ethyl  ester  .. 

Analogously  to  example  1,  the  compound  of  the  title  is  obtained  from  4-benzyloxy.ndole  and  azadiene 

1,  with  a  melting  point  of  281—  283°C  (from  dimethylformamide). 
20  ,  .  Example  8 

5-ethoxvmethyl-B-carboline-3-carboxylic  acid-ethyl  ester 
Analogously  -to  example  1,  the  compound  of  the  title  is  obtained  from  4-ethoxymethylindole  and 

azadiene  1. 

Example  9 
5-ethoxymethyl-B-carboline-3-phosphonic  acid-diethyl  ester 

Analogously  to  example  1,  the  compound  of  the  title  is  obtained  from  4-ethoxymethy  mdole  and  2- 
dimethylamino-1-(dimethylaminomethyleneamino)-ethylene-phosphon.c  ac.d-d.ethyl  ester  (azadiene  3). 

30 Example  10 
B-carboline-3-phosphonic  acid-diethyl  ester 

Analogously  to  example  1,  the  compound  of  the  title  is  obtained  from  mdole  and  azadiene  3. 

35  Example  11 

^ ^ A n a S o u S t o e x a m p l e   1  ,  the  compound  of  the  title  is  obtained  from  indole  and  N2-(2-dimethylamino- 

1-phenylvinyl)-N\N1-dimethylformamidine  (azadiene  4). 

40  Example  12 

^ ^ ~ £ y % : ^ X ^   .....  is  « M   from  indoi.  and  3.d,™,hvia,™no-2- 
(dimethylaminomethyleneamino-crotonic  acid-ethyl  ester  (azadiene  2). 

4g  Example  13 
5-benzyloxy-B-carboline-3-phosphonic  acid-diethyi  ester  oj;QriQ 

Analogously  to  example  1  ,  the  compound  of  the  title  is  obtained  from  4-benzyloxymdole  and  azad.ene 

3. 

50  Example  14 

p - c t n t r 0 ^  
°f  STnUenpreCceding  examples  can  be  repeated  with  similar  success  by  substituting  the  generally  or 

55  specifically  described  reactants  and/or  operating  conditions  of  this  invention  for  those  used  in  the 
55 

PreCFrom  thXegoing   description,  one  skilled  in  the  art  can  easily  ascertain  the  essential  characteristics  of 

this  invention. 

60 

65 
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Claims 

1.  A  process  for  producing  a  p-carboline  of  the  formula 
n4 

(I)  .• 

10 

wherein 
R  is  hydrogen,  one  or  two  of  halogen  atoms  or  organic  substituents  in  5-,  6-,  7-  or  8-position(s),  R  and 

15  R4  are  the  same  or  different  and  each  is  hydrogen,  alkyl  of  1  to  3  carbon  atoms  or  CWalkoxy-C^-alkyl, 
R3  is  Phenyl,  —  COOAIkyl,  —  PO3(Alkyl)2/  —  SO2Aryl,  —  SO2Alkyl, 

N  O O  N Alkyl 
—  C - C  -CN, 20 - S O ^  

N "Alkyl 
Alkyl 

25  wherein  each  alkyl  group  is  of  1  —  3  carbon  atoms, 
comprising  reacting  an  indole  of  the  formula 

30 

wherein  R  is  as  defined  above, 
with  azabutadiene  of  the  formula 35 

A'  B' 

. A - " 3  40 
I). 

,N Ft 

N 
A / X B  

wherein 
A,  B,  A'  and  B',  each  independently,  is  alkyl  of  1  to  3  carbon  atoms  or  A  and  B  or  A'  and  B'  together  with 

the  adjoining  N  atom  form  a  pyrrolidino,  piperidino,  morpholino  or  piperazino  group,  and  R\  R3  and  R4  as 
defined  above, 

in  the  presence  of  an  acid  at  an  effective  temperature  of  75  —  150°C. 
2.  A  process  of  claim  1  comprising  heating  the  indole  and  the  azabutadiene  in  an  organic  or  inorganic 

acid. 
3.  A  process  of  claim  2  wherein  the  acid  is  formic  acid,  acetic  acid,  propionic  acid,  trifluoroacetic  acid, 

phosphoric  acid,  polyphosphoric  acid  or  phosphorus  oxychloride. 
4.  A  process  of  claim  3  wherein  the  acid  component  comprises  glacial  acetic  acid. 
5.  A  process  of  claim  4  wherein  the  acid  component  consists  of  glacial  acetic  acid  and  trifluoroacetic 

acid. 
6.  A  process  of  claim  1  wherein  the  reaction  is  carried  out  in  an  inert,  reaction  compatible  solvent. 
7.  A  process  of  claim  6  wherein  the  acid  component  is  a  catalytically  effective  amount  of  a  mineral  acid. 
8.  A  process  of  claim  1  wherein  the  reaction  time  is  3  —  10  hours. 
9.  A  process  of  claim  1  wherein  R  is  H,  halo,  alkyl,  alkoxyalkyl  or  alkoxy,  each  of  1  to  4  carbon  atoms, 

methylenedioxy,  benzyloxy,  aza,  cyano  or  alkoxycarbonyl  or  dialkylamino,  each  of  1  to  4  carbon  atoms  in 
each  alkyl  portion. 
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10.  A  process  of  claim  1  wherein  R3  is  phenyl,  —  COOalkyl  or—  PO3(alkyi)2. 
11.  A  process  of  claim  8  wherein  the  solvent  is  toluene,  ethyl  acetate,  dioxane,  dimethoxyethane  or 

acetonitrile. 

s  Patentanspruche 

1.  Ein  Verfahren  zur  Herstellung  eines  3-Carbolins  der  Formel 

r,4 
to 

( I ) ,  

is 

R  Wasserstoff,  ein  oder  zwei  Halogenatome  oder  organische  Substituenten  in  einer  oder  mehreren  der 

20  Stellungen  5,  6,  7  oder  8  bedeutet,  R1  und  R4  gleich  oder  verschieden  sind  und  jeweils  Wasserstoff,  Alkyl 

mit  1  bit  3  Kohlenstoffatomen  oder  C^g-Alkoxy-C^g-alkyl  darstellen,  und 
R3  pheny|,  —  COOAIkyl,  —  PO3(Alkyl)2,  —  SO2Aryl,  —  S02Alkyl, 

N  O 
^.Alkyl 

"Alkyl 

25 
-CN, -SOgN^ 

Alkyi Alkyl 
30 ist,  wobei  jede  Alkylgruppe  1  bis  3  Kohlenstoffatome  hat, 

umfassend  das  Umsetzen  eines  Indols  der  Formel 

(II) 35 

H 
worin  R  wie  oben  definiert  ist, 

40  mit  einem  Azabutadien  der  Formel 

A'  B' 

45 
IM), 

50 

55  A,  B,  A'  und  B',  jeweils  unabhangig  voneinander,  Alkyl  mit  1  bis  3  Kohlenstoffatomen  bedeuten,  oder  A 
und  Boder  A'  und  B'  zusammen  mit  dem  benachbarten  N-Atom  ein  Pyrrolidino-,  Piperidino-,  Morphohno- 
oder  Piperazinogruppe  bilden,  und  R\  R3  und  R4  wie  oben  definiert  sind,  in  Gegenwart  einer  Saure  bei  emer 
Wirktemperatur  von  75—  1 5 0 ° C . .  

2.  Ein  Verfahren  nach  Anspruch  1,  umfassend  das  Erhitzen  des  Indols  und  des  Azabutadiens  in  emer 
eo  organischen  oder  anorganischen  Saure.  _, 

3.  Ein  Verfahren  nach  Anspruch  2,  wobei  die  Saure  Ameisensaure,  Essigsaure,  Propionsaure, 
Trifluoressigsaure,  Phosphorsaure,  Polyphosphorsaure  oder  Phosphoroxychlorid  ist. 

4  Ein  Verfahren  nach  Anspruch  3,  wobei  die  Saurekomponente  Eisessig  umfaSt. 
5.  Ein  Verfahren  nach  Anspruch  4,  wobei  die  Saurekomponente  aus  Eisessig  und  Trifluoressigsaure 

65  besteht. 
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6.  Ein  Verfahren  nach  Anspruch  1,  wobei  die  Umsetzung  in  einem  inerten,  reaktionsvertraglichen 
Losungsmittel  vorgenommen  wird. 

7.  Ein  Verfahren  nach  Anspruch  6,  wobei  die  Saurekomponente  eine  katalytisch  wirksame  Menge  einer 
Mineralsaure  ist. 

8.  Ein  Verfahren  nach  Anspruch  1,  wobei  die  Reaktionszeit  3  bis  10  Stunden  betragt. 
9.  Ein  Verfahren  nach  Anspruch  1,  wobei  R  H,  Halogen,  Alkyl,  Alkoxyalkyl  oder  Alkoxy,  jeweils  mit  1  bis 

4  Kohlenstoffatomen,  Methylendioxy,  Benzyloxy,  Aza,  Cyano  oder  Alkoxycarbonyl  oder  Dialkylamino, 
jeweils  mit  1  bis  4  Kohlenstoffatomen  in  jedem  Alkylabschnitt,  ist. 

10.  Ein  Verfahren  nach  Anspruch  1,  wobei  R3  Phenyl,  —  COOAIkyl  oder  —  PO3(Alkyl)2  ist. 
11.  Ein  Verfahren  nach  Anspruch  8,  wobei  das  Losungsmittel  Toluol,  Ethylacetat,  Dioxan, 

Dimethoxyethan  oder  Acetonitril  ist. 

Revendications 

1.  Procede  pour  produire  une  3-carboline  de  formule: 

w 

15 

20 ( I ) .  

dans  laquelle: 
R  represente  un  atome  d'hydrogene,  un  ou  deux  atomes  d'haiogene  ou  substituants  organiques  en 

position(s)  5,  6,  7  ou  8;  R1  et  R4  sont  identiques  ou  differents  et  chacun  represente  un  atome  d'hydrogene, 
un  groupe  alkyle  ayant  1  a  3  atomes  de  carbone  ou  un  groupe  alcoxy  (en  0,-03)  alkyle  (en  C,  —  C3), 

R3  represente  un  groupe  phenyle,  —  COOalkyle,  —  PO3(alkyle)-2,  —  SO2-aryle,  —  SO2alkyle, 

25 

30 

,alkyle 
ou -CN, -SOgN^ 

N •alkyle 35 
alkyle alkyle 

chaque  groupe  alkyle  ayant  1  a  3  atomes  de  carbone, 
comprenant  la  reaction  d'un  indole  de  formule: 40 

: m  
45 

dans  laquelle  R  est  tel  que  defini  ci-dessus, 
avec  un  azabutadiene  de  formule: 

50 

55 (III). 

60 

dans  laquelle: 
A,  B,  A'  et  B'  represented  chacun,  independamment,  un  groupe  alkyle  ayant  1  a  3  atomes  de  carbone, 

65  ou  bien  A  et  B,  ou  A'  et  B',  pris  avec  I'atome  d'azote  voisin,  forment  un  groupe  pyrrolidino,  piperidino. 

10 
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morpholino  ou  piperazino,  et  Ft1,  Ft3  et  R4  sont  tels  que  definis  ci-dessus, 
en  presence  d'un  acide  a  une  temperature  effective  de  75  a  150°C. 
2.  Procede  selon  la  revendication  1,  comprenant  le  chauffage  de  I'indole  et  de  I'azabutadiene  dans  un 

acide  organique  ou  mineral. 
5  3.  Procede  selon  la  revendication  2,  dans  lequel  I'acide  est  I'acide  formique,  I'acide  acetique,  I'acide 

propionique,  I'acide  trifluoracetique,  I'acide  phosphorique,  un  acide  polyphosphorique  ou  I'oxychlorure  de 
phosphore. 

4.  Procede  selon  la  revendication  3,  dans  lequel  le  composant  acide  est  ou  comprend  de  I'acide 
acetique  cristallisable. 

w  5.  ProcedS  selon  la  revendication  4,  dans  lequel  le  composant  acide  consiste  en  de  I'acide  acetique 
cristallisable  et  de  I'acide  trifluoracetique. 

6.  Procede  selon  la  revendication  1,  dans  lequel  on  conduit  la  reaction  dans  un  solvant  inerte, 
compatible  avec  la  reaction. 

7.  Procede  selon  la  revendication  6,  dans  lequel  le  composant  acide  est  une  quantite  catalytiquement 
is  eficace  d'un  acide  mineral. 

8.  Procede  selon  la  revendication  1,  dans  lequel  le  temps  de  reaction  est  de  3  a  10  heures. 
9.  Procede  selon  la  revendication  1,  dans  lequel  R  represente  H,  un  atome  d'halogene,  un  groupe 

alkyle,  alcoxyalkyle  ou  alcoxy,  ayant  chacun  1  a  4  atomes  de  carbone,  methylenedioxy,  benzyloxy,  aza, 
cyano  ou  alcoxycarbonyle  ou  dialkylamino,  chacun  ayant  de  1  a  4  atomes  de  carbone  dans  chaque 

20  fragment  alkyle. 
10.  Procede  selon  la  revendication  1,  dans  lequel  R3  represente  un  groupe  phSnyle,  —  COOalkyle  ou 

—  PO3(alkyle)2. 
11.  Procede  selon  la  revendication  8,  dans  lequel  le  solvant  est  le  toluene,  I'ac&ate  d'ethyle,  le 

dioxanne,  le  dimethoxyethane  ou  I'acetonitrile. 
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