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The bromination, nitration, and acylation reactions of various acyl derivatives
belonging to the 2~aminoindole series of compounds have been investigated. It

has been found that substitution occurs both at the B-carbon atom as well as at
the 5~ and 6-positions of the benzene ring. The ratio of reaction products de-
pends upon the nature of the electrophile as well as on the degree of substitu-
tion of the 2~aminoindole.

The literature contains many reports concerning the electrophilic substitution reactions
of indole compounds [1}, although very few of these deal with the substitution reactions of
2-aminoindole derivatives. We recently demonstrated that, in the case of basic aminoindoles
lacking other functional groups, electrophilic substitution occurs at the 3-position, where-
as in the protonated forms containing the amidinium cation substitution occurs at the 5-posi-
tion [2].

We have now studied the nitration, bromination, and acylation reactions of the acylated
tetrahydropryimido[1l,2-a]indole derivatives I-IV, which may be thought of as cyclic analogs
of 2-aminoindoles. The basic forms of these materials are relatively stable, which greatly

simplifies their use as substrates.
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L I, IV R'=COCHjg; II, III R2=CHO; IV R?=CH;

We have found that bromination, nitration, and acylation of aminoindole I all occur at
the 3-position* (to give compounds V-VII). In contrast to the other substitution reactions,
bromination is accompanied by deacylation of the nitrogen atom, apparently as a result of
nucleophilic attack by a2 Br anion on the activated carbonyl group of the intermediate amid-
inium ion. The resulting hydrobromide salt V gives a very labile, easily decomposed base [2].
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VI R?=NOg; VII R?=COCH;

It is known that electrophilic substitution reactions of basic 3-acylindoles are non-
selective, and that along with 5- and 6-substituted 3-acylindoles, other products, resulting
from unco~attack at the 3-position, followed by elimination of the acyl group, are also formed
[3-5]. In the case of the reactions of compound II, we have established that unco-attack is
the dominating pathway for both bromination and nitration reactioms in the 3-acyl-2-~aminoind-

*Here and elsewhere, the indole numbering system is used.
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TABLE 1. Properties of the Indoles I-IV and of Other Indi-
vidual Compounds V-VIII, XI, XIV, and XV

. 5
Com-~{ mp, Found, % Molecular | ClC: » % =
pound|°c PMR spectrum, 8, ppm — 7 | —

ormula @

C(N) | H(Br) C(N) | H(Br) | &

I 129 12,6 (3H, s, CHsz); 64 (iH, s,! 724 | 6,3 {C;sH4NO 729 1 65 |60
3-H)

i1y 167 17,85 (IH, s, NH); 9,72 (IH, s, 72,2 | 59 {CH;;N,O 720 1 6,0 |75
CHO)

11 1568 | 2,34 (3H, s, CHy); 7,25—74 69,7 6,3 |CisHisN.O, | 69,4 58 155
(3H, m 5-H—7-H); 8,156--8,3

(I1H, m4-H); 9,95 (1H,d, CHO)
V| 97 {295 (3H,s, CHs); 24 (3H,s,| 737 | 7.0 [CuHN:0 | 737 | 7,0 |60
CHj) .
V| 222 1 7,1—=7,9 (4H, m Ar); 94 (1H,| (8,2) | (48,2) {CiHieBraN; | (8,4) | (48,2) | 68*
{dec ){ s, NH)
VI| 156 12,3 (3H, s, CHs); 7,2—7,5 (3H,] 59,9 | 5,1 [C;sHi3N;O; | 60,2 | 5,0 |26
m, 5-H—7-H); 8284 (1H, m,

4-H)
VI 115 2,2 (Sli, Sy CHS); 2,56 (31_1, S, 70,6 673 C15H15N202 70,3 6,2 61
CHa)
VI 242 | 7,2-7,35 (3H, m, 5-H—7-H); 60,6 | 56 |CyH; N3O, | 60,8 | 5,1 [48
7,8—8,0 (1H, m, 4-H), 88 (iH,
s, NH)
X1} 196 | 2,26 (3H,s, CHs); 7,2—8,2 52,9 44 1C,H;3sBrNO,| 52,3 4,1 165

(3H, Ar), 9,82 (1H, s, CHO)
XIV| 231 | 262 (3H, s, CHy); 7,95 (I1H, s,| 69,9 | 6,0 |ClHuN:0, | 694 | 58 |13
NH), 9,88 (I1H, ¢, CHO)
XV| 208 547 (1H, d, =CHy; J=2Hz):| — | — — — | —~ {25
573 (IH, d, =CHy); 7,92 (11,

s NH); 9,86 (1H, s, C[1O)

*The yield of cocmpound V is given for the bromination of in-
dole II, and the yield of compounc VI is that for the nitra~
tion of indole I.

ole series; the 3-substituted 3-aminoindoles (compounds V and VIII) are formed, respectively.
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The PMR spectra of compounds V and VIII do not contain the aldehydic proton signal, but
do exhibit multiplets corresponding to four aromatic protons. The 4-H proton signal in the
spectrum of the nitroindole VIII appears at very weak field (A8 = 0.6 ppm) relative to the
group of signals for the remaining aromatic protons, apparently due to its position close to
the electron-withdrawing nitro group (see Table 1). For the diacylaminoindole III, unco-
attack is less favored, due to the lower electron density at the 3-position. Thus, in the
case of nitration of compound III, an equimolar mixture of the 5- and 6-nitro derivatives#*
(IX) is formed in 417% yield along with 327 of the unco-substituted product (VI); bromination,
on the other hand, occurs exclusively on the benzene ring, and an equimolar mixture of the 5-
and 6-brominated derivativest (X) is formed in 82% yield.

Acylation of 3-acylindoles under Friedel-Crafts type conditions (using a CH;COCI1-AlCls
complex) occurs under mild conditions (at room temperature in CH,Cl,) to give a mixture of
the 5-, 6-, and 7-acetylsubstituted derivatives, with the 5-isomer predominating [7]. Acyla-
tion of the acylaminoindoles I, II, and IV, on the other hand, could be achieved only after
prolonged heating (10 h) with an excess of acylating complex in dichloroethane. Indole III,
containing two acyl substituent groups, could not be acylated at all under these conditions,
and was isolated unchanged from the reaction mixture. The lower reactivity of the indoles I-

*The 3-nitro derivative VI was separated chromatographically from the mixture of the 5« and
6~-substituted isomers IX.

tThe 5-bromo isomer XI was synthesized independently via a .~ :er method [6], which allowed us
to assign the signals due to the 6-isomer in the PMR spectrum of the mixture (X).
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TABLE 2. Properties of Substitution Product Mixtures Ob-
tained from Indoles I-IV

PMR spectrum, 8, ppm (J, Hz)

Isomeric 5-isomer G-isomer Yield,

mixtures %

4Hd (1) ‘ 6-H,d,d l 7-H.d () | 4-H. 4 (J») l 5-H,d,d l 7-H,d ()

,X* 8,15 (1,8) 7,25 7,15 (8,5) | 7,96 (7,8) 7.3 7,56 (2,0) 82
Xi* 182 (1,8) 7,74 7,04 (8,2) | 7,58 (8,0) 7.8 7,72 (2,0) 84
XHI 8,25 (2,1) 8,17 7,02 (8,6) | 7,54 (8,4) 7,06 82 (2,0) 35
XVII 82 (1,8) | 7.88 723 (82) |753 (84)} 7,76 |7.92 (1,8) 12

*The PMR spectrum of the isolated 5-isomer is presented
in Table 1 (compounds XI and XIV).

1V, which are stronger bases, may be ascribed to the formation of stable complexes with alum—
inum chloride, which are then inert toward further reaction. As noted before, acylation of
indole I results in substitution at the C(s) carbon atom to generate compound VII, Acylation
of indoles IIL and IV gives a mixture of the 5- and 6-~isomers, namely compounds XIT and XIII,
in almost equal amounts (5:6 and 4:3, respectively, according to PMR analysis) (see Table 2);
these compounds could not be separated into the individual components:
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v XILXITY
XII R?=CHO; XHI R'=COCH,, R?=CH,

The 5-acetyl derivative XIV was prepared independently via a modified Kost reaction [8].
We would like to point out that the rearrangement of l-acyl-2-arylpyrazolines containing
electron-withdrawing substituents in the benzene ring te give indoles has not been demonstrat-
ed before. In fact, the reaction proceeded to give a mixture of compounds XIV and XV, with
the former compound predominating; the isomeric products were separated by preparative chrom-
atography. The PMR spectra of compounds XIV and XV contain singlet peaks for the NH and
CHO protons, and an ABC signal pattern for the three aromatic protons. In place of the methyl
group signal at 2.62 ppm, which is found in compound XIV, the PMR spectrum of indole XV con-~
tains absorptions due to interacting vinyl protons (doublets at 5.47 and 5.73 ppm, with a
coupling constant of 2 Hz).
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Bromination of indole IV led to a complex mixture of products; no identifiable compounds
could be isolated from this mixture. Nitration of this same compound could be accomplished
under selected conditions to yield a mixture of the 5~ and 6-nitroderivatives XVII, albeit in
low yield (12%) (see Table 2); most of the starting material was converted to resinous materi-
al under these conditions.

Our experiments have established that 2-acylaminoindole derivatives undergo electrophilic
substitution reactions at the 3-position, just as was observed in the case of 2-aminoindeles.
For 3-acyl-2-aminoindoles bromination and nitration are characterized by predominant unco-
attack, accompanied by deacylation; the importance of this pathway decreases as the electron
density at the 3-position of the indele ring is lowered, for instance upon introduction of a
second electron-withdrawing group. Friedel—Crafts type acylation of 3-substituted 2~-amino-
indoles occurs on the benzene ring of the indole nucleus (at the 5- and 6-positions).
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EXPERIMENTAL

The reactions were monitored and the purities of the reaction products were assayed by
TLC on Silufol using the eluent system benzene-methyl ethyl ketone-methanol, 10:5:1. This
solvent mixture was also employed to purify the products via column chromatography on Sil~
pearl grade silica gel as the support material, PMR spectra were recorded on Tesla BS-497
and WP200SY spectrophotometers at an operating frequency of 200 MHz using solutions in CDCls
or DMSO versus TMS as internal standard, In all of the experiments the course of the reac~
tion was controlled by first measuring the PMR spectrum of the impure reaction mixture fol-
lowed by that of the purified product sample.

Bromination. A solution of 10 mmole of indole I~IV in chloroform at 0°C was treated
with 0.1 ml (20 mmole) of bromine; the reaction mixture was maintained at room temperature
for several hours and then the precipitate was filtered and washed with chioroform.

Nitration. A solution containing 2 mmole of nitronium fluoroborate in acetonitrile at
0°C was treated with 4 mmole of pyridine, followed by 1.5 mmole of indole I-IV; after several
minutes the mixture was pouvred onto ice water, extracted with chloroform, washed with water,
and dried. The wolatile solvent and other components were evaporated under vacuum, and the
residue was purified by column chromatography.

Acylation. Asolution of indole I-IV in absolute dichloroethane at 0sC was treated with a three-
to fivefold excess of aluminum chloride, mixed 10-20 min at 20°, and then refluxed for 10 h. The re-
action mixture was decomposed with ice water, aqueous base was added (with cooling) until all
of the insoluble aluminum hydroxide hydrate had dissolved, and then the organic layer was
separated and the aqueous layer was extracted with another portion of chloroform. The com-
bined organic extracts were dried, concentrated in vacuo, and the residue was purified by
column chromatography.

Indolization of 1-Acetyl-2-(p-acetylphenyl)pyrazolidine (XVI). A solution of 200 mg
(0.86 mmole) of pyrazolidine XVI [9] in 5 ml of dry DMF at 0°C was treated with 0,157 ml
(1.72 mmole) of POCls; the mixture was then heated for 3 h at 100-120°C., The reaction mix-—
ture was poured into 20 ml of water, neutralized to pH 9 with 10% NaOH solution, and ex-
tracted withchloroform (2 x 15 ml); the residue remaining after solvent evaporation was sub-
jected to column chromatography using methyl ethyl ketone. Yield 27 mg (13%) of indole XIV
(Rf 0.25), and 56 mg (257%) of indole XV (Rf 0.4).

The properties of the products as well as of the starting materials, which were synth-
esized according to known methods [8, 10-12], are recorded in Tables 1 and 2,
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