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The synthesis  of 2-aminoindoles  subst i tuted in the benzene r ing is descr ibed.  On the bas is  of a study of the 
PMR, UV, and IR spec t ra  the i r  sa l ts  have been ascr ibed  the s t ruc ture  of indolenine der iva t ives .  A number  
of pyrimidyl[1,  2-a]indoles have been obtained f rom 2-aminoindoles  and acetylacetone.  

As we have shown previous ly  [1], 2-aminoindoles  reac t  smoothly with fl-diketones, those substi tuted on the r ing  
ni t rogen forming a - c a r b o l i n e s ,  and unsubst i tuted 2-aminoindole  forming a new t r icyc l ic  system,  pyrimidyl[1,  2 -a ] -  
indole. It is poss ib le  that in the la t te r  case,  if a subst i tuent  were p resen t  in the benzene r ing of 2-aminoindole ,  its 
s t ruc tu re  and the d i rec t ion of the react ion with fl-diketones (route A or route B) could vary  according to the posit ion 
and na ture  of the subst i tuent .  With this in mind,  we have synthesized a se r ies  of substi tuted 2-aminoindoles  and have 
studied the s t ruc ture  of the i r  sal ts  and the product  of the i r  cyclizat ion with acetylacetone. 

R ~ N H 2  + CH3COCH2COCH 3 

CH 3 

R ~ C H 3  
H 

2-Aminoindoles  containing methyl and methoxy groups and halogen in the benzene r ing were obtained by the 
debenzylat ion of the corresponding O-benzyl -N-( indol -2-y l )u re thanes  [2] and by their  hydrogenolysis  in the presence  of 
pal ladium on carbon and a smal l  amount of hydrochloric  acid [3]. In the hydrogenolysis  of the n i t roure thanes ,  the ni t ro  
group is par t ia l ly  reduced,  and therefore  we removed the benzyl protect ion f rom these compounds by heating them in 
glacial  acetic acid sa turated with dry  hydrogen bromide .  

R~--~NHCOOCH2C6H s ~ R ~ N H 2 1  t l  X- 

X~Cl, Br 
The UV spec t rum of the salt  of unsubst i tuted 2-aminoindole  is identical with that descr ibed in the l i t e ra tu re ,  

having an absorpt ion maximum at 257 nm (Fig. 1). The introduction of e lec t ron-donat ing subst i tuents  causes a 
bathochromic shift which is most  pronounced in the 6-methoxy compound (273 nm). The protonated r ing ni t rogen atom 
in the salts  of the 2-aminoindoles  acts  as a very  s t rong electron aceeptor.  Halogen subst i tuents  in these compounds 
are  e lec t ron donors and cause a very  slight bathochromic shift. The influence of ni t ro  groups in posi t ions 4 and 6 of 
the r ing  is  ext remely  slight (~max 256 nm). The UV spect rum of 2 -amino-7-n i t ro indo le  hydrobromide differs f rom the 
spect ra  of the other sa l ts  (see Fig.  1). It has absorpt ion maxima at 255 and 347 nm and is s imi l a r  to the spect rum of 
O-benzy l -N- (7 -n i t ro -2 - indo ly l )u re thane  (~'max 240, 261, and 355 nm). Apparently in this compound, unlike its analog, 
the par t ia l  r ed i s t r ibu t ion  of the posit ive charge within the molecule is possible because of the format ion of 
in t r amolecu la r  hydrogen bonds.  

In the IR spect ra  of sal ts  of 2-aminoindoles  taken in paraffin oil, the NH stretching v ibra t ions  a re  p resen t  in the 
3410-3130-cm -1 region.  For  unsubst i tuted 2-aminoindole  a broad NH band appears  at about 3230 cm -1. Substitution on 
the r ing  ni t rogen causes  a shift of the NH s t re tching vibrat ions  in the high-frequency direct ion,  3362 and 3410 cm -1 for 

*For par t  XI, see [1]. 
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the N-benzyl -  and N-methyl - subs t i tu ted  compounds, respect ively .  Under the influence of the protonat ion of the r ing 
ni t rogen atom, the IR spect ra  of the salts  of 2-aminoindoles  subst i tuted in the benzene r ing  show a shift in the NH 
st re tching v ibra t ions  in the low-frequency d i rec t ion  for nil subst i tuents ,  and only the n i t ro  group causes  a shift in the 
high-frequency d i rec t ion  (for the 4 -n i t ro  compound, VNt t = 3345 cm-1). The IR spec t ra  of the sa l t s  of 2-aminoindoles  in 
hexachlorobutadiene have ab road  band in  the 3000-3070-cm -1 region  that is  cha rac te r i s t i c  for the s t re tch ing  v ibra t ions  
of a charged NH + group. For  2 -amino-7 -n i t ro indo le  hydrobromide it is sti l l  b roader  and is shifted in the shor t -wave 
di rec t ion (3100-3220 cm-1). In these c i r cums tances ,  the NH vibra t ions  are  overlapped by the broad band of the NH + 
group. The considerable  shift and broadening of the band of the NH vibra t ions ,  and also the higher mel t ing point in 
compar i son  with the other n i t ro  der iva t ives ,  conf i rm the format ion of in t romolecu la r  hydrogen bonds in the 7-n i t ro  
compounds. In t ramolecu la r  hydrogen bonds a re  also found in other indoles with a n i t ro  group in posit ion 7 [5]. 

,gei ~. 

35 \- ~.:T:7:... ~ . / - - ~ ,  x 

'.. ksX. -,,2 
2a ~.6 

250 300 350 A,nm 

Fig. 1. UV spect ra  of sal ts  of 2 - amino -  
indoles (in water) and of O-benzy l -N-  
(7 -n i t ro indol -2-y l )u re thane  (in methanol,  
e 10-BM): 1) O-benzy t -N- ( indo l -2 -y l ) -  
ure thane,  2) 2 -amino-7 -n i t ro indo le  hydro-  
bromide ,  3) 2-amino--4-ni t roindole  hydro- 
bromide,  4) 2 -amino-6-methoxyindole  
hydroehlol ide,  5) 2 - a m i n o - l - m e t h y l i n d o l e  
6) 2-aminoindole  hydroehloride.  

The sa l t s  of the 2-aminoindoles  have a s t rong absorpt ion band at 1700-1678 cm -I corresponding to the C'~--N+ 
s t re tch ing  v ibra t ions ,  and also severa l  bands in the 1630-1580-cm -1 region which a re  cha rac te r i s t i c  for the v ibra t ions  
of an aromat ic  nucleus (Table 1). 

The PMR spec t rum of 2-aminoindole  hydroehlor ide in t r i f luoroacet ic  acid contains four s inglets .  The singlet  
with 6 3.94 cor responds  to the CH 2 group in posi t ion 3 of the 3H-indote r ing,  and that with 5 6.98 to four a romat ic  
protons possess ing  prac t ica l ly  identical chemical  shif ts .  The broadened s ingle ts  ~i th  6 7.91 and 9.89 having in tens i t ies  
of two and one proton uni ts ,  respect ive ly ,  can be ascr ibed  to the amino group and the proton of the r ing  ni t rogen.  
Consequently, the protonat ion of 2-aminoindole  takes place at the more  bas ic  r ing  ni t rogen atom [4] and there  is no 
t r ans fo rma t ion  in the indole s t ruc ture .  The posi t ions of all three  protons in the amide sys tem are fixed. 

Some deviat ions in the p roper t i es  of the n i t ro  der iva t ives ,  for example,  the UV spectra ,  r equ i re  additional 
invest igat ion.  However, the PMR spec t rum of 2 -amino-7 -n i t ro indo le  hydrobromide in t r i f luoroacet ic  acid indicates 
that this compound has the indolenine s t ruc ture ,  which is shown by the p resence  of a s inglet  at 6 4.31, corresponding 
to a CH 2 group in a f i ve -membered  r ing.  In addition, the spec t rum has a s inglet  with 5 8.68 cor responding  to the two 
protons of the amino group, a doublet with 5 7.91, a sc r ibed  to the proton of the benzene r ing  p re sen t  in the ortho 
posi t ion with respec t  to the n i t ro  group (I%-~ = 9.2 Hz), a doublet with 5 7.58 cor responding  to the proton in posi t ion 4 
(I4-~ = 7.1 Hz), and a t r ip le t  with 6 7.18 corresponding to the proton in posi t ion 5 of the indole sys tem.  Under the 
influence of the n i t ro  group, the proton of the r ing  ni t rogen is shifted in the weak-f ield d i rec t ion (solvent region).  Thus, 
the introduction of even such a subst i tuent  as the ni t ro  group into the benzene r ing has prac t ica l ly  no influence on the 
indolenine s t ruc ture  of the 2-aminoindole  sa l t s .  

We have brought  about the reac t ion  of the 2-aminoindoles  with acetylacetone,  pe r fo rming  it, as in the 
unsubst i tuted compound, in pyr idine .  In all cases ,  r ega rd le s s  of the na ture  of the subst i tuent  and i ts  posi t ion,  the 
reac t ion  products  were pyr imidyl [1 ,2-a] indoles ,  and not ~ - ca rbo l ine s  (route B) (Table 2). The la t te r  were not detected 
even by chromatography.  
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The pyrimidino[1,  2-a] indoles obtained are  stable to acid hydrolysis  and are  aromat ic  compounds, the nucleus of 
which has a common sys tem of 14 7r e lec t rons .  

The PMR spec t rum of 7-chloro-1 ,  3-dimethylpyrimido[1,  2-a]indole in t r i f luoroacet ic  acid has two singlets  in the 
5 2.68 and 3.00 regions corresponding to the CH 3 groups in posi t ions 1 and 3. Singlets with 5 6.48 and 6.62 can be 
ascr ibed  to the protons of the pyr imid ine  and pyr ro le  par t s  of the molecule.  A singlet  with 6 7.41 we ascr ibe  to the 
proton in posit ion 6(J~, 8 = 1.5 Hz), and two doublets in the 6 7.1 ancl 7.75 region correspond to the protons in posi t ions 
8 and 9 of the r ing Js,s = 9.6 Hz). The PMR spec t rum of this compound in dimethyl sulfoxide (Fig. 2) gave a sharper  
resolu t ion  of the aromat ic  mult iplet  (this is apparent ly  due to the par t ia l  protonation of the pyrimido[1, 2-a]indole 
molecule  in t r f f luoroacet ic  acid). Singlets with 6 6.50 and 6.47 correspond to the protons of the pyr imidine  and pyr ro le  
r ings ,  a resolved doublet in the 5 7.20 region to the proton in posit ion 8 (Js, 9 = 10 Hz), and a doublet with 5 8.1 to the 
proton in posi t ion 9. A split  s inglet  with 6 7.78 corresponds  to the proton in posi t ion 6 of the molecule 06,8 =2.0 Hz). 

ct .3. 

H9 N6 H93 =IOHz 

I 

6 ao 8.0 70 60 

Fig.  2. PMR spec t rum of 7-ch loro-  
1, 3-pyrimido[1,  2-a]indole in dimethyl 
sulfoxide (internal s tandard:  t e t r amethy l -  
silane) at 80 ~ C. 

The UV spect ra  of a lmost  all the 1, 3-dimethylpyrimido[1,  2-a]indoles (Fig. 3) have a short -wave absorption band 
kma x 220-.242 nm. Only in the 6-bromo and the 6-, 8-, and 9-ni t ro  der ivat ives ,  because of a hypsochromic shift, are  
these bands apparently p resen t  in the far  UV region.  In the spec t rum of 1, 3-dimethylpyr imido[1,2-a] indole ,  in addition 
to the f i r s t  absorption band (at 227 nm) there  are  three  more:  at 266 (the strongest) ,  317, and 400 nm. Methyl and 
methoxy groups cause a slight bathochromic shift of the second absorption band (267-275 nm), and for the halogen- 
substi tuted compounds it is in the 262-269-nm region.  A l a rge r  hypsochromic shift is found for 1, 3 -d ime thy l -6 -n i t ro -  
and 1, 3 -d imethyl -8-n i t ropyr imido[1 ,  2-a]indoles (absorption maxima at 256 and 255 nm, respect ively) .  As a rule,  the 
introduction of subst i tuents  into the benzene r ing of pyrimidoindole causes a spli t t ing of the short-wave band and also 
the absorpt ion bands at 267 and 317 nm, pa r t i cu la r ly  for groups capable of mesomer ic  in teract ion with the nucleus 
(methoxy and ni tro groups, and halogen atoms).  The influence of the subst i tuent  has a c lear  effect on the absorption 
band presen t  in unsubst i tuted 1, 3-dimethylpyrimido[1,  2-a]indole at 400 nm. Elect ron-donat ing groups cause a 
hypsochromic shift (Xma x 390-395 nm) and e lec t ron-accept ing  groups cause a considerable  bathochromic shift of this 
band (Xmax 415-436 nm). The UV spec t rum of 9-ni t ropyrimido[1,  2-a]indole differs appreciably f rom the spectra  of the 
other ni t ro  compounds. This is apparent ly due to the par t ia l  deviation of the ni t ro  group f rom the plane of the r ing.  
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Fig. 3. UV spec t ra  (in methanol) (c 10 -s M): 
1) 1, 3 -d imethy l -6 -n i t ropyr imido[1 ,2 -a ] indo le ,  
2) 1,3 -d imethyl -9-n i t ropyr imido[1 ,  2 -a]indole, 
3) 2, 4-d imethylpyr imido[1 ,2-a] indole ,  
4) 7-methoxy-1,  3-dimethylpyrimido[1,  2-a]indole.  

Thus, ne i ther  a change in the bas ic i ty  of the ni t rogen atoms associated with the e lect ronic  na ture  of the 
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subst i tuents  in the  benzene r ing or the spatial r e s t r i c t i ons  that could appear in the 7-subst i tu ted 2-aminoindoles  prevent  
the exclusive format ion of a pyr imidine  r ing in the react ion of 2-aminoindoles  with acetylacetone.  

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

The UV spectra  were taken on an EPS-3 record ing  ul t raviole t  spectrophotometer .  The IR spect ra  of the salts  of 
the 2-aminoindoles  were taken on a UR-.10 ins t rument .  The PMR spect ra  were recorded by V. A. Budylin (to whom 
the authors a rc  grateful also for par t ic ipat ing in a d i scuss ion  of the resul ts)  on a RS-60 ins t rument .  The puri ty  of the 
pyrimido[1,  2-a] indoles was checked by th in - l aye r  chromatography in a lumina  with benzene as the mobile phase, except 
for the ni t ro  compounds, for which a benzene -me thano l  (10 : 1) sys tem was used. 

2-Aminoindoles  (Table 1). A solution of 0.01 mole of the appropriate  O-benzyl -N-( indol -2-y l )ure thane  [3] in 
45 ml of ethanol containing 0.8 ml of conc HCI was shaken in a cur ren t  of hydrogen with 0.5 g of 50% pal ladium on 
carbon. The end of the react ion was establ ished by the d isappearance  of the spot of the urethane when the react ion 
mixture  was chromatographed in a thin l ayer  of a lumina  in the benzene -me thano l  (10 : 1) sys tem (the spots being 
revealed with iodine vapor).  The catalyst  was f i l te red  off, the f i l t ra te  was evaporated to dryness ,  the res idue was 
dissolved in hot ethanol, the solution was f i l tered,  and the f i l t ra te  was evaporated to d ryness .  This p rocess  was 
repeated until  the res idue  obtained af ter  the evaporat ion of the solvent dissolved completely in hot ethanol. This 
ethanolic solution was t rea ted with 3 volumes of dry ether and, after  cooling, the precipi ta te  of the 2-aminoindole  sal t  
was f i l tered off. For  analys is  it was rec rys ta l l i zed  again f rom ethanol with the addition of ether,  or f rom water with 
the addition of acetone. 

For  ure thanes  containing a ni t ro  group in the benzene ring, a mixture  of 0.01 mole with 10 ml of glacial acetic 
acid sa turated with dry  hydrogen chloride was s t i r r e d  at 95-100 ~ C for 20-30 min,  cooled to 10 ~ C, and t rea ted  with 
80 ml of dry ether,  and the precipi ta ted 2-aminoindole  hydrobromide was f i l tered off. For  analysis ,  the substance was 
r ec rys t a l l i zed  f rom acetone with the addition of water .  

Substituted 1, 3-dimethylpyrimido[1,  2-a] indoles (Table 2). To 0.01 mole of the 2-aminoindole  salt  were added 
2 g (0.02 mole) of f reshly  dis t i l led acetylacetone and 15 ml of dry pyr idine .  The mixture  was boiled in a cur ren t  of gas 
for 2 hr, then cooled and poured into water .  The precipi ta te  was f i l tered off and rec rys ta l l i zed  f rom dilute ethanol or, 
in the case of the n i t ro  der iva t ives ,  f rom toluene. 
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