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AMINE-INDOLE RADICAL CATIONS 

P. BRUNI, M. C~ONIU and L. GRECI 
Istituto Chimico, Facolta Ingegneria dell’UniversitA 40136 Bologna, Italy 

(Received in the UK 13 July 1971; Accepfedforpublication 22 July 1971) 

Abstrac-2-Phenyl-3-phenyl-amine indole radical cations have been synthesized and isolated as perchloric 
acid salts. They are considered to be the protonated forms of semiquinone radicals intermediate in a redox 
process between 3-amine-indola and 3-imine-indoles. ESR spectra are reported. 

IN A PREVIOUS investigation it was demonstrated1*2 that the amine-indoles I are 
easily oxidized to the corresponding imine-indoles II using different hydrogen 
acceptors, namely pbenzoquinone, nitrosocompounds. diethyl-azodicarboxilate 
and benzoyl-peroxide. 

I II 111 

R = H, Hal, Me, OMe, N(Me), 

It was also shown that it is possible to reduce imine-indoles to the corresponding 
amines using hydrogen donors like hydrazo-benzene, phenyl-hydra&e or molecular 
hydrogen3 Polarographic reduction studies clearly show that a two step reversible 
redox process. involving a semiquinone radical intermediate, is operating here.4 In 
this work we show that it is possible to isolate the semiquinones intermediate between 
I and II in their protonated forms, as the perchlorates of the radical cations. Treatment 
of the amino&doles I [R = OMe, N(Me),] with one equivalent of AgC104 in 
acetone or MeCN solution leads to the isolation of black green compounds whose 
elemental analysis corresponds to the aminecation radical perchlorates III. The 
radical character was checked by ESR measurements and the ESR spectra will be 
discussed later. Analogous treatment of amine-indoles I with R = I-I, Me, Hal 
did not lead to the isolation of the corresponding radical-cations, owing to their low 
stability: as a matter of fact when solutions of I (R = I-I, Me, Hal) in different solvents 
(including acetone and MeCN) are oxidized, ESR signals corresponding to unstable 
radicals, of the same nature as the ones described above, appear. This fact is not sur- 
prising for the effect of the electrons releasing OMe or N(Me), groups in the para 
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position leads to a rise in the radical stability. On the other hand. it is known that 
only the di-p-anisyl’ and the di-pdimethyl-amine-phenyl-amine6 radical cations 
were synthesized ; the di-p-tolyl-amine radical cation6 rapidly decomposes in solution. 
Recently it was possible to study other diarylamine radical cations using a flow 
technique.’ owing to their extremely low stability. Some N-methylated derivatives 
being necessary for the ESR assignments, the previously unknown compounds IV 
and V were synthesized and transformed into the corresponding cation radicals VI 
and VII by oxidation with AgCIO, and I2 or AgClO*. 

OMe 

Me 
‘N 

Ph 
&=A 

12 

N(Me), 

I 
Me 

V 

ao; 

Ihe 

VII 

Both VI and VII were obtained by in situ oxidation of the appropriate amine and VI 
was also isolated and characterized as the perchlorate salt of the radical cation. The 
difficulty in synthesizing considerable amounts of V explains why we did not charac- 
terize radical VII which shows, in any case, the same stability as radical VI when dis- 
solved in an appropriate solvent. 

During this work two otheramine-cation radicals ofadifferent kind were synthesized 
byAgClO,oxidationoftheappropriateamine.Stericandmesomericeffect canaccount 
for the great stability of radical VIII and IX. 

H H 
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All radicals show typical absorption maxima in the visible region; solvent seems to 
strongly influence the radical stability : qualitative observations on the radical spectra 
show that they are stable within a period of 24 hours in MeCN or Ddichloroethane 
solution. generally unstable or poorly stable in the other solvents. 

Et,N - Ph 

I! 

I 
disproportionation 

1 1 
1 II 

Table 1 summarizes experimental and spectroscopic characteristics of radical 
cations; Table 2 shows the same data concerning the amines that were synthesized 
in this work. 

An attempt was made to obtain the unprotonated form of the semiquinone radical 
by adding variable amounts of Et,N to a MeCN or CIH,C12 solution of the cation 
radical. but it failed since the neutral radical that is probably formed, immediately 
disproportionates, leading to the amine and the imine that can be seen in the reaction 
mixture. Unfortunately we were not able to prepare the amine X that is likely to be a 
source of radical XI which cannot disproportionate. The higher basicity of the amino 
NH group with respect to the indolic NH does not permit the preferential alkilation 
of the indolic nitrogen. 

R R R 

ox E1,N 

I I I 
R’ R R 

ESR measurements. 
Amine cation radical III (R = OMe) dissolved in degassed MeCN shows an ESR 

spectrum (Fig 1) characterized by 4 lines of relative intensity 1:2 :2 :l attributed to the 
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FIG 1. Electron spin resonance tirst derivative spectrum of radical III (R = OMe). 

coupling of the unpaired electron with one nitrogen and one hydrogen nucleus of the 
amino-group (4, = a En = 7 gauss). The same signal shows a solution of the amine 
(I ; R = OMe) in degassed MeCN when traces of AgClO, were added: in both cases 
the signal remained unchanged within a time of 24 hr. Identical spectra were obtained 
when AgClO, (or AgClO, + I,) was added to solutions of amines (I : R = H, Me, Hal) 
in degas& MeCN. The low stability of such radicals does not permit an exact 
evaluation of the coupling constants that are undoubtedly in the range of seven gauss 

(a:, = u&J. The same spectra show radicals VIII (a&, = & = 7 gauss) and IX 
(a:n = us,., = 6.6 gauss). The question whether indolic or amino NH groups are 

responsible for the absorption lines in the ESR spectra was resolved by the observation 
that radical VI shows a six-line spectrum of relative intensities 1:4 :7 :7 :4 :l (Fig 2) 

Fro 2. Electron spin resonance First derivative spectrum of radical VI. 
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attributed to the coupling of the unpaired electron with one nitrogen and three hydro- 
gen nuclei (a& = c&, = 8.5 gauss). The intensity ratio 1 :l in both N to H or N to 
H,, in amino or methylamino groups is a well known characteristic.’ 

FIG 3. Top, ESR tint derivative spectrum attributed to radical III (R = N(Me),]; bottom, 
ESR first derivative spectrum attributed to radical VII. 

A deviation from the pattern shown by other radicals in the series is that of cation 
radical III [R = N(Me),] (Fig 3). Owing to the bad resolution of the spectrum an 
evaluation of all the splitting constants appears to be an unreasonable task and, on 
the other hand. this is not the aim of the authors; however. a fundamental pattern of 
nine groups of lines which can be attributed to the coupling of one nitrogen and six 
hydrogen nuclei (Q&,,~)~ = u&,,), = 6.7 gauss) appears to be a reasonable, rough 
interpretation of this spectrum. The same pattern characterizes radical VII (Fig 3) lead- 
ing to the idea that in these two radicals the highest spin density resides on the p- 
dimethylamino group. which is reasonable if one considers the higher basicity of this 
group with respect to the indolic or the amino NH groups.’ 

EXPERIMENTAL 

Amine-radical cations. To a stirred solution of 1 mM of the appropriate amine2 in acetone or McCN. 1 
m&l of AgCIO, dissolved in the same solvent was added drop bydrop. at room temp. The colourless solution 
of the amine turned to a deep green colour while a silver mirror was formed. After ten mitt the filtered solu- 
tion was evaporated to dryness and the solid residue crystaked. In the particular case of 2-phenyl-3dN- 
methyl-N-p-anisyl-) amine-indole (IV) the oxidation was performed using 1 mhl of AgClO, and @5 mM 
of I, as oxidizing agents. 

Amine-indoles-Bis-i~dolyl-amine. 1.08 g of 2-phenyl-3~2’-phcnyl-3’-indolyl-)-3-H-indole”’ dissolved 
in 180 ml of C,H, were hydrogenated at a pressure of 2 atm and a temp of 20-25” on @2 g of Pt,‘C 5% as 
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catalyst. After two hr the catalyst was filtered and the solution evaporated to dryness and crystallized as 
described. 

2-Ph~yl-3~2’-phenyI-3’-ocetyl-lf-indolizyl)-amine-indole. 1.1 g of the corresponding imine” were 
dissolved in 130 ml of C6H, and hydrogenated as previously described. The catalyst was filtered and the 
solution coned until a white precipitate separated. 

2-Phenyl-3~-p-nnisyI-)amine-indole (IV). 16 g of 2-phenyl-3+anisyl-)ne-indole’ were dissolved 
in XI ml of MeOH. After addition of 2 ml of Mel the solution was heated at 140” for 3 hr in a 500 ml auto- 
clave under N, pressure (7 atm). After cooling. the solution was concentrated and 1 g of IV separated. 

l-Methyl-2-phenyl-3_N-methyl-N-gdimeihyole (V). The reaction was pe.r- 
formed as previously described using 3.27 g of the appropriate imine.’ 6.8 g of Me1 and heating for 5 hr 
at 140” and 13 atm. After cooling. 26 ml of 33% NH3 was added. and the resulting solution heated for an 
additional 6 hr at 200” and 25 atm. The solution was cooled, diluted with water (200 ml) and extracted 
with CHCI, (2 x 50 ml). The resulting solution was dried and evaporated to dryness. The residue dissolved 
in light petroleum-EtOAc 9:1 was purified using an AlZOo chromatographic column. 

Spectra UV and visible spectra were recorded using a Beckman DK 2A spectrophotometer. ESR spectra 
were recorded on a VARIAN E-4 ESR spectrometer. using solvents dried by conventional methods. 
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