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a , f l -Unsatura ted  ketones fo rm pyrimido[1,2-a] indoles  with 2-aminoindole,  while ! - a l k y l - 2 -  
aminoindoles under these conditions are  converted to the cor responding  a - c a r b o l i n e s .  The 
s t ruc tu res  of the compounds obtained were confirmed by alternative synthesis .  

We have previously  shown that 2-aminoindoles reac t  with fi-diketones to form pyrimido[1,2-a] indoles;  
if, however, the indole is alkylated in the 1 position, the carbon atom in the 3 position part icipates  in the 
condensation and resul ts  in the formation of 9 - a lky l - a - ca rbo l i ne s  [2-4]. It turned out that a , f l -unsatura ted 
ketones a lso  reac t  with 1-a lkyl -2-aminoindoles  to form a - c a r b o l i n e s .  Thus, when 1-methyl-2-aminoindole  
(I) methiodide is refluxed with benzalacetophenone in isopropyl alcohol in the presence of an equivalent 
amount of alkali, a ch romatogram of the react ion mixture af ter  20 min indicates the absence of the s tar t ing  
aminoindole (I) and the formation of II (mp 123-124~ in 82% yield. II gives a pronounced blue f luorescence 
on i r radia t ion with UV light. The PMR spect rum of the compound in t r i f luoroacet ic  acid charac te r i zes  it 
as a complete ly  a romat ic  s t ructure  with an aromat ic  proton multiplet  at ~ 7.50 ppm and a CH 3 singlet at 
3.98 ppm. The IR spect rum does not contain absorption in the regions cor responding  to absorption of the 
NH and CO groups.  II was identical to 2 ,4 -d ipheny l -9 -me thy l -a -ca rbo l ine  obtained by the react ion of I with 
dibenzoylmethane.  

Thus the condensation of I with an a , f i -unsatura ted ketone is accompanied,  as is usually the case in 
this sor t  of reaction,  by autooxidation with the formation of an a romat ized  s t ruc ture .  

~ 6Hs 

~ C6HsCOCH2COG~H~ ~ \  
NH2 ] CsHs 

CsHs j 

I]I 

Neither dihydro s t ruc ture  III nor  its i somer  with a different position of the double bond could be i so-  
lated. The high yields of II exclude the possibil i ty that the p rocess  takes place via a disproportionation 
step. 

Similarly, 2-aminoindole,  which is unsubstituted in the 1 position, fo rms  2,4-diphenylpyrimido[1,2-a]-  
indole (IV) by condensation with both dibenzoylmethane and benzalacetophenone with yields close to quanti- 
tative in both cases .  

*See [1] for  communicat ion XIX. 
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The react ion of 1-methyl-2-aminoindole  with benzalacetone gave a substance which also has all of tile 
proper t ies  of ~ -ca rbo l ines  but differs in melt ing point and chromatographical ly  f rom the compound obtained 
f rom benzoylacetone.  In each case one might expect the formation of i somers  V or  VI, which differ in the 
position of the substituents in the pyridine ring.  
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Chromatography of the react ion mixture on aluminum oxide indicated that only one of the i somers  is 
obtained in both cases  ; this indicates the definite t rend of these p roces ses .  The mass  spect ra  of both com-  
pounds contain an intense molecular  ion peak (M +) with m / e  272, but, in view of the high aromat ic i ty  of 
these s t ruc tures ,  the remain ing  peaks are  of low intensity and are difficult to in terpre t ;  this makes it dif- 
ficult to a r r ive  at unambiguous conclusions.  However, the position of the CHa group in the second sample 
was proved by oxidation with selenium dioxide to the corresponding acid, which readi ly fo rms  a c h a r a c t e r -  
is t ical ly colored chelate compound with divalent iron ions. The f i r s t  sample does not give this sor t  of r e -  
action. 

Thus the amino group of 1-methyl-2-aminoindole  reac t s  with the more  readi ly enolized acetyl group 
of benzoylacetone to give i somer  VI. A s imi la r  trend in the condensation of unsymmetr ica l  fi-diketones 
with aniline has a l ready been noted (see, for example, [5]). 

+ - -  Yl 
C 

. UO / ",CU3 
CH~ 

In the case of benzalacetone the amino group also nucleophilically attacks the ca rbon-carbon  double 
bond to give i somer  V. 
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Consequently, despite the fact  that the react ion occurs  in alkaline media in both cases  (in contras t  to 
the c lass ica l  conditions for  the Doebner-Mil ler  and Conrad-Limpaeh syntheses),  the decisive factor  is ap- 
parent ly  the react ion of the NH 2 group ra ther  than the react ion with the p position of the indole ring. 

We have previously noted [6] that 2-aminoindoles condense with malonic es te r  to form 2 -oxo-4 -hy -  
d roxy -~ -ca rbo l ine s  but that this react ion does not occur  when even one of the hydrogen atoms of the CH z 
group of malonic es te r  is replaced by an alkyl group. In the case of fl-diketones the react ion proceeds under 
mi lder  conditions, and substitution of the hydrogen atom in the CH z group between the carbonyl groups does 
not substantially r e s t r i c t  the react ion.  In fact, aminoindole I or 1-benzyl-2-aminoindole  react  with methyl-  
acetylacetone to give sa t i s fac tory  yields of the cor responding  9-substi tuted 2 ,3 ,4 - t r ime thy l -~ -ca rbo l ines  
(VII). Nevertheless ,  the previously  selected conditions [3, 4] (carrying out the p rocess  in pyridine) do not 
always make it possible to obtain good yields, par t icu lar ly  in the case of dibenzoylmethane and benzoyl-  
acetone.  The cor responding  o~-carbolines and pyrimidoindoles could be obtained only when the p rocess  was 
ca r r i ed  out in isopropyl alcohol or dimethylformamide with the introduction of sesquimolar  amounts of t r i -  
ethylamine.  Thus the condensation preferably  occurs  in an undoubtedly alkaline media and requi res  polar  
solvents (which is apparent ly associa ted  with the high polari ty of the intermediate state). 
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E X P E R I M E N T A L  

Chromatography  in a thin l aye r  of a luminum oxide in benzene-heptane  (1:2), ch lo ro fo rm-eye lohexane  
(1=2), and carbon  t e t r ach lo r ide  s y s t e m s  with subsequent  development  with iodine was used to de t e rmine  the 
end of the reac t ion  and to e s t ima te  the pur i ty  of the compounds obtained.  The UV s p e c t r a  in methanol  were  
obtained with a Cary  s p e c t r o m e t e r .  

9 - M e t h y l - 2 , 4 - d i p h e n y l - ~ - c a r b o l i n e  (II). A) A mix tu re  of 0.27 g (1 mmole)  of 1 - rae thy l -2-aminoindole  
(D hydriodide,  0.45 g (2 mmole)  of dibenzoylmethane,  and 0.21 ml  (0.15 mmole)  of t r t e thy lamine  in 4 ml  of 
i sopropyl  alcohol was ref luxed for  1.5 h. The reac t ion  mix tu re  was cooled and poured into water ,  and the 
r e su l t i ng  prec ip i ta te  was f i l t e red  and washed with wa te r  to give 0.24 g (72~) of II with rap 123-124 ~ (from 
methanol ) .  Found %: C 86.47, 86.66; H 5.30, 5.45. C24H18N ~. Calc.  %: C 86.19; H 5.44. 

B) A mix tu re  of 0.5 g (1.82 mmole)  of I hydriodide,  0.42 g (2 mmole)  of benzalacetophenone,  and 0.38 
ml  (2.6 mmole)  of t r i e thy lamine  in 6 ml  of isopropyl  alcohol was ref luxed fo r  3 h. The reac t ion  mix tu re  was 
cooled, poured into water ,  and ex t rac ted  with benzene .  The ex t r ac t  was  dr ied  with calcined ca lc ium chloride 
and evapora ted  in vacuo.  The res idue  was r e c r y s t a l l i z e d  f r o m  methanol  with ac t iva ted  charcoa l  to give 
0.59 g (95.5%) of II with mp 122-124 ~ ( f rom methanol) .  A s amp le  of this compound did not d e p r e s s  the m e l t -  
ing point of II desc r ibed  above.  

The yield of II was 82% when the reac t ion  was c a r r i e d  out in alcoholic alkal i .  

2 ,4-Diphenylpyr imido[1,2-a] indole  (IV): A) IV [0.3 g (94%)] was s i m i l a r l y  obtained via  method (A) 
f r o m  0.17 g (1 mmole)  of 2-aminoindole  hydrochlor ide ,  004 g (1.9 mraole) of dibenzoylmethane,  and 0.21 ml  
(1.5 mmole)  of t r i e thy lamine  in 3 ml  of i sopropyl  alcohol and had mp  222-224 ~ (from methanol) .  Found %: 
C 86.15, 86.21; H 5~ 5.04. Cz~H16N~o Calc.  ~ :  C 86021; H 5.04. UV spec t rum,  ~raax (nm) (log ~): 218 
(4~ 255 (4.51), 324 (4.36). 

B) IV [0.31 g (97%)] with mp 222-224 ~ {from methanol)  was obtained f r o m  0.17 g (1 mmole)  of 2 -  
aminoindole hydrochlor ide  and 0.22 g (1.04 mmole)  of benzalacetophenone by ref luxing fo r  3 h in isopropyl  
alcohol .  The product  did not dep re s s  the me l t i ng  point of the saraple  desc r ibed  above.  

4 , 9 - D i m e t h y l - 2 - p h e n y l - a - c a r b o l i n e  (V). V [0o18 g (66%)] with mp 78-80 ~ (from aqueous acetone) was 
obtained f r o m  0.27 g (1 mmole)  of I hydriodide,  0.15 g (1.01 mmole)  of benzalace tone ,  and 0.21 ml  (1.5 
mmole )  of t r i e thy lamine  by ref luxing for  3 h in 2 ral of i sopropyl  alcohol.  Found %: C 83.32, 83.40; H 
5.98, 6.21. CI~H16N 2. Calc.  %: C 83~ H 5.93. 

2 , 9 - D i m e t h y l - 4 - p h e n y l - a - c a r b o l i n e  (VI). VI [0~ g (73%)], with mp 140-141 ~ ( f rom methanol  o r  i s o -  
propyl  alcohol),  was obtained f rom 0.27 g (1 raraole) of I hydriodide and 0.32 g (2 mmole)  of benzoylacetone 
by ref luxing for  2 h in 4 ml of isopropyl  alcohol.  Found %: C 83.45, 83063 ; H 5.99, 6.130 C~H16N2. Calc.  
%: C 83.78; H 5.93. UV spec t rum,  kma x (nm) (log ~): 222 (3020), 253 (3.31), 313 (3.34). 

2 , 3 , 4 , 9 - T e t r a m e t h y l - a - c a r b o l i n e  (VII, R • CH~). A mix tu re  of 0.27 g (1 mmole)  of I hydriodide and 
0~ g (2.19 mmole)  of methy lace ty lace tone  in 3 ml  of dry  pyridine was heated with a ref lux  condenser  at  
100 ~ for  1 h. The reac t ion  mix ture  was cooled and poured into water ,  and the resu l t ing  prec ip i ta te  was f i l -  
t e red ,  washed with water ,  and r e c r y s t a l l i z e d  twice f rom methanol  with ac t ivated charcoal  to give 0.15 g 
(67%) of VII (R=CH 3) with mp 150-152 ~ Found %: C 80:18, 80.05; H 7o31, 7o16. C15H16N z. Calc.  ~:  C 
80.31; H 7.20. UV spec t rum,  ~max, nm (log e): 225 (3.55), 268 (3.24), 298 (3.37), 335 (2.66), 345 (2.66). 

2 , 3 , 4 - T r i m e t h y l - 9 - b e n z y l - ~ - c a r b o l i n e  (VII, R = CH~CeH~). A mix tu re  of 0.26 g (1 mmole)  of 1 -benzy l -  
2-aminoindole  hydrochlor ide ,  0.25 g (2.19 mmole)  of methylace ty lace tone ,  and 0.21 ml (1.5 mmole)  of ~ri- 
e thylamine  in 4 ml  of isopropyl  alcohol was ref luxed for  3 h. The mix ture  was cooled, and the resu l t ing  
c r y s t a l s  were  f i l t e red  and washed with wa te r  and isopropyl  alcohol and r e c r y s t a l l i z e d  f i r s t  f rom isopropyl  
alcohol and then f rom pe t ro leum ether  to give 0.1 g (33%) of VII (R = CH~C6H ~) with mp 217-219 ~ Found %: 
C 83.63, 83074; H 6.92, 6.99. C21H20N z. Ca lc .%:  83.95; H 6.72. 

2 - M e t h y l - 4 - p h e n y t - 9 - b e n z y l - ~ - c a r b o l i n e .  This  compound [0.25 g (72%)] with mp 118-120 ~ (from i so -  
propyl  alcohol,  pe t ro leum ether)  was obtained f r o m  0.26 g (1 ramole) of 1-benzyl -2-anl inoindole  hydrochlo-  
r ide,  0.32 g (2 mmole)  of benzoylacetone,  and 0.21 ml (1.5 mmole)  of t r i e thy lamine  by ref luxing for  3 h. 
Found %: C 85.79, 85.93; H 5.96, 6~ C25H~0N z. Calc.  %: C 86.16; H 5.80. 
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