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INDOLE DERIVATIVES. 

131.* THE BASICITY OF 5- AND 6-AMINOINDOLES 

M. A. Salekh, L. N. Kurkovskaya, 
L. S. Krasavina, I. V. Persianova, 
M. M. Vigdorchik, and N. N. Suvorov 

UDC 547.754:541.132:543.422.25 

The pK a values for the 5- and 6-aminoindoles were determined from potentiometric ti- 
tration curves and from *~C NMR data on the total change of the chemical shifts of 
the carbon atom signals on protonation of the amino group. The pK a values obtained 
(5~ and 5.53) were higher than those of aniline (3.92) or 8-naphthylamine (3.39). 

A number of different methods of synthesizing the 5- and 6-aminoindoles (I and II) have 
been reported [2-8] and a recent review describes methods of synthesizing compound I [9]. 
However, there is little information in the literature on the properties of these compounds 
and, in particular, there is no data on their basicity. 

I I I  

*For Communication 130, see [i]. 
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In the present work we have determined the pK a values of the aminoindoles I and II, and 
using NMR we have studied the effects of protonation of these compounds compared with model 
compounds, aniline and 8-naphthylamine. 

Compound II was synthesized by the method given in [4]. Compound I was prepared from 5- 
nitro-N-acetylindoline,* by a modification of the method described in [4]; the simultaneous re- 
duction of the nitro group, removal of the protecting acetyl group, and dehydrogenation was 
carried out using an aluminum-nickel alloy and sodium hydroxide solution in place of a prepared 
catalyst. This method gave the aminoindole I as almost colorless crystals, which did not de- 
teriorate after long exposure to light~ 

The pK a of compounds I and II, determined by potentiometric titration in 50% ethyl alco- 
hol, were 5.99 and 5.53, respectively. An aqueous--organic solvent was used because compounds 
I,,and II were not very soluble in" water. The pKa of the aminoindoles I and II, obtained from 

C NMR spectroscopic data (see Tables 1 and 2) 5y studying the effects of protonation of the 
aminoindoles I and II, were very similar to values obtained from the model compounds, aniline 
and 8-naphthylamine. The higher basicity of the aminogroup of these Compounds in comparison 
with aniline and B-naphthylamine appears as a smaller change in the chemical shifts of the 
carbon atoms adjacent to the protonation center on addition of acid. Most sensitive to the 
effect of protonation are the ortho- (Cce) and C(~;)) and para- (C(y~) carbon atoms; the 
shifts in the signals of these carbons in acid mealum mainly reflect'the change in n-~-conju- 
gation. The greater the involvement of the unshared electron pair on the nitrogen atom in the 
~-conjuation system of the aromatic molecule, the stronger the effect of protonation on atoms 
C(e ) and C(y) and, consequently, the smaller the expected baslcity of the amine. The deter- 
mination of pK a values for a monotypic series of compounds using :3C NMR was suggested in [10] 
for isomeric pyrroloquinolines (it is indispensable in the case of compounds which are insol- 
uble in aqueous alcohol). 

Values for pK of 5~ and 5.49 for compounds I and II in acetic acid were obtained, 
a 

i.e., close to the values obtained by potentlometric titration. The high pK a values for the 
aminoindoles I and II indicate that the indole ring is a less good electron-acceptor than ben- 
zene or naphthalene. 

The slope of the straight line obtained by plotting the total change in the shifts of the 
carbon atoms responsible for the n-~-conjugation against pK a gave, by analogy, known pK a val- 
ues for aminoindoles under the same conditions, [9, i0], while for ~-naphthylamine, the ex- 
trapolated value of pK= for 50% solution of water-ethanol was found in the same way as aniline 
[12]. The value for I~C(e)ACt~ ~Cry ~ which we obtained for aniline agrees well with that 
given in [13] for protonation~i~Jac~t{c acid, and, consequently, is practically independent of 
the components of the mixture (with excess acid). 

A direct relationship between the changes in chemical shifts of a carbon atom directly 
bonded to the protonation center and pK was not found (Table 2), possibly because of the sen- 
sitivity of the paramagnetic component ~f the chemical shift of this carbon atom to the effect 
of solvation. 

The assignment of lines of the '3C NMR spectra of the indoles I and II, aniline and 8- 
naphthylamine were made on the basis of selectivelyguncoupled spectra. 

The PMR spectra revealed that compounds I and II exist in the associated state~ involving 
hydrogen bonding of the protons of the indole NH group (proton donor) and the amino group 
(electron donor); at low concentrations, for the most basic aminoindole I in CDCIs (5%), the 
minor coupling constant in the PMR spectrum, which is associated with the hydrogen-bonded sys- 
tem disappears (Table i). 

An attempt to carry out the protonation of the aminoindoles I and II with trifluoroace- 
tic acid led to the instantaneous oligomerization, which is characteristic of indoles. 

EXPERIMENTAL 

Basicity constants were calculated from potentiometric titration curves of i.I0 -3 M solu- 
tions in 50% ethanol at 25~ pH was measured on a PHM-26 pH meter with glass (2222B) and cal- 
omel (K 4112) electrodes (Radiometer, Denmark). Three titrations were carried out for each 

*We obtained this compound from N-acetylindoline by nitration in acetic acid (see the experi- 
mental section). 
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compound and 6-7 constants were d~termined over the neutralization range 20-80%. The standard 
error was less than 0.05 units of pK a. 

NMR spectra were recorded on a Bruker-WP-200-SY spectrometer, internal standard TMS. Deut- 
erochloroform was used as solvent and internal lock. 

5-Nitro-N-acetylindoline. To a solution of 11.8 g (0.07 mole) of N-acetylindoline in 
95 ml of acetic acid at 9-12~ was added dropwise over a period of one hour Ii ml of fuming 
nitric acid (1.5). The reaction mixture was maintained at room temperature for 1.5 h and then 
poured into 500 ml of ice water. The material which precipitated was filtered off, washed 
with water, and dried in air to give 1.5 g (77%) of 5-nitro-N-acetylindoline with mp 174-175~ 

5TAminoindole (I). To a vigorously stirred mixture of 6.0 g (0.03 mole) of N-acetyl-5- 
nitroindole, 75 ml of water, and 20 g of aluminum-nickel alloy was added dropwise, over a 
period of 2 h, a solution of 35 g of sodium hydroxide in i00 ml of water. After stirring for 
1.5 h, the hot solution was filtered to give 2.2 g (56%) of compound I with mp 130~ Recrystal- 
lization from a mixture of benzene and petroleium ether gave colorless crystals with mp 131~ 
(literature value 130~ [2]). 

LITERATURE CITED 

i. I. A. Petrunin, L. Kh. Vinograd, N. M. Przhiyalgovskaya and N. N. Suvorov, Khimo Ge=er- 
otsikl. Soedin., No. 8, 1050 (1987). 

2. J. Herley-Mason and A. H. Jackson, J. Chem. Soc., No. 3, 1158 (1954)o 
3. R. K. Brown and N. A. Nelson, J. Am. Chem., 76, 5149 (1954). 
4. H. E. Johnson and D. C. Grosly, J. Org. Chem., 28, 2794 (1963). 
5. B. D. Astill and V. Boekelheide, J. Org. Chem., 30, 1538 (1955). 
6. J. I. De Graw, Canad. J. Chem., 44, 387 (1966). 
7. A. P. Terent'ev, M. N. Preobrazhenskaya, A. S. Bobkov, and G. M. Sorokina, Zh. Org. Khim., 

29, 2504 (1959). 
8. R. Ikan and E. Rapoport, Tetrahedron, 23, 3823 (1967). 
9. H. F. Russell, B. J. Harris, D. B. Hood, E. G. Thompson, A. D. Watkins, and R. D. Wil- 

liams, Org. Prep. Proc., 17, 391 (1985). 
10. S. N. Krasnokutskii and L. N. Kurkovskaya, Thesis Report, ist All-Union Conference, 

"Chemistry, Biology, and Pharmacology of Indole Derivatives," Tbilisi, (1986), p. 87. 
ii. B. Gutbezahl and E. Grunwald, J. Am. Chem. Soc., 75, 559 (1953). 
12. R. F. M. Sureau, Bull. Soc. Chim. France, No. 4, 622 (1956). 
13. G. Levy and G. Nelson, in: 13C Nuclear Magnetic Resonance, Wiley, New York (1980). 

627 


