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In the reac t ion  of 2-aminoindoles  with fi -d iketones ,  depending on the bas ic i ty  of the medium,  
cycl izat ion may  take place with hhe par t ic ipat ion  of posit ion 1 or  3 and the format ion  of the 
cor responding  ~ - c a r b o l i n e s ,  pyr imidoindoles ,  or mix tu res  of them.  

In the reac t ion  of 1 -a lky l -2 -amino indo les  with fi -d iketones ,  the ca rbon  a tom in position 3 takes place 
in the condensation,  which leads to the format ion  of 9 - a l k y l - a - c a r b o l i n e s .  in the case  of 2-aminoindole  (13 
unsubst i tuted on the pyr ro le  ni t rogen a tom,  condensation with acetylacetone gave 2 , 4 - d i m e t h y l p y r i m i d o -  
[1,2-a]indole (II) [2, 3]. 

In view of the ease  of oxidation of 2-aminoindole ,  it was  used in the reac t ion  in the f o r m  of a sa l t  and 
the reac t ion  was p e r f o r m e d  in pyridine,  the bas i c i t y  of which (pK a 5.2) is much lower  than the bas i c i ty  of 
(13 (pKa 8.15). This means  that  in pyridine solution the equi l ibr ium is shifted in the direct ion of the p ro ton-  
ated fo rm B; neve r the l e s s  the react ion  may  also take place with the par t ic ipat ion of fo rm C. The p ro d u c -  
tion of (II) can be explained in this case  by the in te rmedia te  acid-cata lyzed format ion  of an azomethine and 
the pa r t i a l  deact ivat ion of the fi posi t ion of the indole. 
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It  is known that  the condensation of a - a m i n o p y r a z o l e s  with acetylacetone can take place with the 
format ion  of a pyr imidine  s t ruc tu re  (in the p r e sence  of an acid) or  of a pyridine s t ruc tu re  (in the p re sence  
of a base)  [4]. It  might  be a s sumed  that  in our case ,  when the reac t ion  was p e r f o r m e d  in a s t rongly  bas ic  
medium,  (13 would fo rm the anion D and condense with acetylacetone through the ~ - ca rbon  a tom.  A c a r b -  
anion s tabi l ized by conjugation with a double c a r b o n - n i t r o g e n  bond can act ivate  the carbon a tom of an oxo 
group or add to the enolyzed f o r m  of a diketone in the manner  of a Michael reac t ion .  
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In actual  fact ,  the condensation of (13 with acetylacetone in i sopropanol  in the p re sence  of an excess  
of t r i e thy lamine  or alcoholic alkal i  fo rmed  only 2 , 4 - d i m e t h y l - a - c a r b o l i n e  (In), ident ical  with an authentic 
sample  [5], which has the br ight  blue f luorescence  In UV light that  is cha r ac t e r i s t i c  for  a - c a r b o l i n e s ,  in 
con t r a s t  to the nonfluorescing (II) [3]. The PMR spec t rum (in t r i f luoroace t ic  acid) has the s inglets  of two 
methy l  groups  in the 2 .66-and2 .81-ppm reg ions .  The signal of the proton in posit ion 3 of the indole r ing is 
absent ,  and a broadened  signal at 11.73 ppm (in dimethyl  sulfoxide) co r r e sponds  to the NH group of indole. 

* Fo r  Communicat ion (XXXV13, see  [1]. 
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The reac t ion  of (I) wi th /3-d ike tones  of u n s y m m e t r i c a l  s t ruc tu re ,  such as benzoylacetone,  can, in the 
genera l  c a s e ,  give four i s o m e r s  (IV-VII).  When the reac t ion  was c a r r i e d  out in isopropanol  in the p resence  
of an exces s  of t r i e thy lamine ,  a mix ture  of the i somer i c  ~ - c a r b o l i n e s  (IV) and (V) in a ra t io  of 1 : 1 (accord-  
ing to GLC) was produced,  and this mix tu re  could be sepa ra t ed  by ch roma tog raphy  on a lumina.  The r e a c -  
tion of (I) with benzoylaeetone in pyridine fo rmed  a mixture  of all  four i s o m e r s  (IV-VII), but the main c o m -  
ponent (70%) p roved  to be one of the pyr imidoindoles  (VI or  VII). Chroma tog raphy  on a lumina also yielded 
15.7% of (IV), 9.3% of (V), and 5% of the i s o m e r i c  pyr imidoindole  (VII or  VI). The P1VIR spec t rum (in di -  
methyl  sulfoxide) of the ma jo r  product  had no signal  of the proton of an NH group but had two s inglets  in 
the 6 .37-and6 .67-ppm region cor responding  to the protons  of pyr imidine  and py r ro l e  r ings .  There  was a 
mul t ip le t  of a romat i c  protons  in the 7.3-8.0-ppm region.  The m a s s  s p e c t r a  of (VI) and (VII) have the peaks 
of the molecu la r  ions with m / e  values  cor responding  to the ca lcula ted  f igure (258). The other  peaks  are  of 
low intensi ty and difficult  to in t e rp re t .  The UV spec t rum of the m a j o r  i s o m e r  has three  absorpt ion  bands:  
l m a  x 266 (s t rongest) ,  320, and 432 nm.  The spec t rum obtained is s i m i l a r  to that  of 2 ,4 -d ime thy lpy r imido -  
[1,2-a]indole [6], the ba thochromic  shif t  of the long-wave band probab ly  being caused  by  the influence of the 
phenyl group conjugated with the pyr imidine  ring (Fig.  1), and dif fered sha rp ly  f r o m  the spec t rum of an (~- 
carbol ine  such as (IV). 

Thus,  the avai lable informat ion is in favor  of a pyr imidine  s t ruc tu re  (VI or  VII). It is difficult to de -  
t e rmine  the s t ruc tu re  of subs tances  (VI) and (VII) more  accu ra t e ly  with the informat ion avai lable .  On the 
one hand, such condensat ions genera l ly  take place in such a way that  the al iphatic keto group r eac t s  with 
the amino group [4]. On the other  hand, in this case  s t e r i c  fac tors  mus t  come into play, i .e. ,  the i n t e r a c -  
tion of the phenyl r ing (or the methyl  group) with posit ion 7 of the indole nucleus .  The m e c h a n i s m  of con -  
densation a lso  r e m a i n s  open. 
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It has been r epo r t ed  p rev ious ly  [3] that  the condensation of 2-aminoindole  with dibenzoylmethane 
gives a compound to which the s t ruc tu re  of 2 ,4-diphenylpyr imido[1,2-a] indole  (VIII) was a sc r ibed .  Unlike 
other  pyr imidoindoles ,  it p o s s e s s e s  f luorescence .  It has been found that the cycl izat ion took place at the 
ca rbon  a tom and 2 ,4 -d ipheny l -~ -ca rbo l ine  was fo rmed ,  this being identical  with the substance (IX) ob-  
tained by condensing 2-aminoindole  with benzyl ideneacetophenone.  

The UV s p e c t r u m  of compound (IX) is c h a r a c t e r i s t i c  for  ~ - c a r b o l i n e s ,  having three  absorpt ion 
max ima ,  at 217, 253, and 321 rim. The PMR spec t rum (in dimethyl  sulfoxide) has the broadened  s ignal  of 
the proton of the NH group in the 12.6-ppm region,  the signal  of an indole proton in posit ion 3 is absent,  
and an a roma t i c  mul t ip le t  in the 7.6-9.0-ppm region co r r e sponds  to the 15 a romat i c  pro tons .  The p e r f o r m -  
ance of the reac t ion  in pyridine also gives (IX) but in fa r  lower  yield (25~c). The format ion  of (VIII) was 
not observed ,  poss ib ly  because  of s t e r i c  h indrance.  

Compounds (IV, V, and IX) were  ident ical  with s amples  of authentic s t ruc tu re  according to mel t ing 
points ,  ch roma tograph ic  mobi l i t ies ,  and IR s p e c t r a .  A sepa ra t e  pape r  has been devoted to the question of 
de termining  the i r  s t r u c t u r e .  
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EXPERIME NTAL 

The UV s p e c t r a  were  taken on a C a ry -15  in s t rumen t  in methanol ,  the PMR spec t r a  on a Varian T-60 
ins t rument ,  and the m a s s  s p e c t r a  on an MKh-1303 m a s s  s p e c t r o m e t e r .  

2 , 4 - D i m e t h y l - a - c a r b o l i n e  (III). A mix ture  of 0.084 g (0.5 mmole)  of 2-aminoindole  hydrochlor ide  and 
0.5 g (5 mmoles )  of acetylacetone was boiled in 2 ml  (2 mmoles)  of a 1 N ethanolic solution of caust ic  pot -  
ash for  15 min in a c u r r e n t  of n i t rogen.  After  cooling, the prec ip i ta te  that had deposi ted was f i l te red  off 
and washed with ethanol .  This gave 0.08 g (81~) of 2 , 4 - d i m e t h y l - a - c a r b o l i n e  (III) in the f o r m  of co lo r l e s s  
c r y s t a l s  with mp 222-224~ (from benzene) [5]. UV spec t rum:  Xma x 218, 239, 261,296,  322 nm (log e 4.45, 
4.26, 4.02, 4.13, 3.60). 

S imi la r ly ,  0.084 g (0.5 mmole)  of the hydrochlor ide  of (I), 0.2 g (2 mmoles )  of acetylacetone in 1.5 
ml  of isopropanol ,  and 0.14 ml  of t r i e thy lamine  gave 0.06 g (61~c) of (HI), with mp 221-222~ 

React ion of 2-Aminoindole with Benzoylacetone.  a) A mixture  of 0.17 g (1 mmole)  of the hydrochlo-  
r ide of (I), 0.17 g (1 mmole)  of benzoylacetone,  2 ml  of isopropanol ,  and 0.28 ml (2 mmoles)  of t r i e thy l -  
amine was boiled for  2 h in a cu r r en t  of ni t rogen,  and af ter  cooling the mix ture  of i somer i c  ~ - c a r b o l i n e s  
that  p rec ip i ta ted  was f i l te red  off. Yield 0.22 g (85~c). After  p repa ra t ive  separa t ion  on a plate coated with 
a lumina {activity grade II) in the b e n z e n e - e t h y l  acetate (3 : 1) sys t em,  0.07 g of 4 - m e t h y l - 2 - p h e n y l - ~ -  
carbol ine  (V) with mp 190-192~ and 0.09 g of 2 - m e t h y l - 4 - p h e n y l - ~ - c a r b o l i n e  (IV) with mp 230-231~ (from 
benzene) were  obtained. UV s pec t rum  of ( W ) : ) t m a  x 220, 251, 305 nm (log e 4.75, 4.38, 4.19). UV spec t rum 
of (V): k m a x  218, 250,312 nm (loge 4.54, 4.60, 4.58). The composi t ion of the mixture  of (IV) and (V) was 
de te rmined  on a " T s w e t t - 5 "  ch rom a t og raph  (column 1 m long and 4 m m  in internal  d i ame te r  filled with 5~ 
of SE-30 on C h r o m o s o r b  W, 100/120 mesh) .  At a ra te  of flow of ni t rogen of 60 m l / m i n  and a t e m p e r a t u r e  
of 250~ the retent ion t ime of (IV) was 4 min 10 sec and of (V) 7 min 40 sec .  

b) A mix ture  of 0.24 g (1.21 mmole)  of the hydrochlor ide  of (I) and 0.32 g (1.97 mmole)  of benzoy l -  
acetone in 6 ml  of pyridine was boiled for  2 h 30 min in a c u r r e n t  of ni t rogen.  The cooled react ion  m i x -  
ture was poured into water ,  and the prec ip i ta te  that  deposi ted was f i l te red  off and dr ied in vacuum.  This 
gave 0.33 g (81.5~) of a mix ture  of {IV-VII), which was sepa ra t ed  on a plate coated with alumina in the 
b e n z e n e - e t h y l  aceta te  (50 : 1) s y s t e m .  The following compounds were  isolated:  0.029 g of (IV) (proport ion 
in the mix ture  15.7~c), mp 230-231~ (from benzene) (according to the l i t e ra tu re  [7], mp 229-229.5~ 0.17 
g {9.3%) of (V), mp 190-192~ {from benzene);  and 0.127 g (7(Fc) of 2 (4 ) -methy l -4 (2 ) -pheny lpyr imido[1 ,2 -a ] -  
indole (VII or  VI), orange c r y s t a l s ,  mp 119-120~ (f rom dilute methanol) not f luoresc ing  in UV light; UV 
spec t rum:  Xma  x 266, 320, 432 nm (loge 4.65, 3.70, 3.20). Found, ~c: C 83.2; H 5.5. CIsH14N 2. Calculated,  
%: C 83.7; H 5.4. In addition, 0.01 g {5~c) of 4(2) -methyl -2(4) -phenylpyr imido[1 ,2-a] indole  (IV or  VII) was  
i so la ted  in the f o r m  of orange c r y s t a l s  with mp 150-154~ not f luorescing in UV light. Molecular  weight 
258 (mass  spee t r a l ly ) .  

2 ,4 -Dipheny l -~ -ca rbo l ine  {IX). A mix ture  of 0.084 g (0.5 mmole)  of the hydrochlor ide  of (I), 0.16 g 
(0.7 mmole)  of dibenzoylmethane,  1.5 ml  of isopropanol ,  and 0.14 ml  (1 mmole)  of t r i e thy lamine  was boiled 
in a cu r r en t  of n i t rogen for  2 h. Then it was cooled, and the prec ip i ta te  was f i l t e red  off and washed with 
ethanol.  This  gave 0.13 g {81%) of (IX), mp 222-224~ f luoresc ing in UV light.  UV spec t rum:  X max  2.17, 
253 ,321 nm (log e 4.67, 4.65, 4.53). PMR s p ec t rum (in dimethyl  sulfoxide): s ingle t  12.6 ppm (NH); mul t i -  
p le t  of a roma t i c  protons  7.6-9.0 ppm (15 H). When the reac t ion  was p e r f o r m e d  in pyridine,  the yield was 
25%. 
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