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EFFECT OF PROTECTION OF AMINO GROUP ON
DIRECTION OF REACTION OF 2-AMINOINDOLE WITH
a,3~-UNSATURATED KETONES

R. 8. Sagitullin, T. Yagodzin'ski, UDC 547.759.3'83 : 543,422 ,4'51
A. N. Kost, and V, V. Men'shikov

The electron-acceptor properties of arylsulfonyl and carbobenzoxy groups decrease the
probability of primary electrophilic attack at the nitrogen atom. They also determine pri-
mary attack at the 3-C atom of the indole ring. Michael addition products, 3,4-dihydro-
a-carbolines, and a-carbolines themselves are obtained, depending on the reaction con-
ditions. The reaction with «,8-unsaturated ketones proceeds under milder conditions in
the case of 2-benzyloxycarbonylaminoindole.

The 2-aminoindole molecule has three interrelated nucleophilic centers, and two different pairs of these
centers (both nitrogen atoms or the nitrogen atom of the amino group and the 3 position of indole) consequently
react with 1,3-difunctional compounds, depending onthe conditions, to give pyrimidoindole or a-carboline
structures [1]. However, if the amino group is protected with a tosyl or carbobenzoxy grouping, the analogous
cyclization with 1,3-dioxo compounds proceeds with detachment of the protective group, and only a-carbolines
are formed [2, 3]. Intermediate addition products and substances whose synthesis proceeds with involvement
of the pyrrole imino group cannot be detected.

We have found that the corresponding a-carbolines (II) are also formed in the condensation of 2-carbo-
benzoxyaminoindole (Ta) with o,8-unsaturated ketones (in ethanol containing hydrobromic acid), although the
process takes place in a considerably more complex manner in some cases. If benzalacetophenone or benzal-
acetone participates inthe condensation, the reaction requires prolonged heating, and the carbolines are ob-
tained in low yields; i.e., both the electrophilicity of the f-carbon atom of the double bond of the unsaturated
ketone and the steric hindrance at this atom, which has a greater effect on attack at the 3-C atom, have a sub-
stantial effect on the process.

C
NHX NHX RE=Celts

COR'
1a-b 1m a-d
u' lo]
Re=CoH
(CH,),COCH,
(cu2)2cocu
N N—X N N/ R
H H
va-b 1

LMLV a X=COOCH,CH.; b X=50,C H,CH,-p

M. V. Lomonosov Moscow State University, Moscow 117234. Translated from Khimiya Geterotsikli-
cheskikh Soedinenii, No. 7, pp. 925-932, July, 1978, Original article submitted June 14, 1977.
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Fig. 1, UV spectra: 1) 3,3-bis@-oxobutyl)-2-carbobenzoxyiminoindo-
line (Va) (in chloroform); 2) 1,3,3-trimethyl-2-iminoindoline hydro-
chloride (in water); 3) 3,3-bis 3-oxobutyl)-2-tosyliminoindoline (Vb)
(in chloroform).

Fig.2. PMR spectrum (in CDCl,) of 3-(,3-diphenyl-3-oxopropyl-2-
carbobenzoxyaminoindole (IIId) with a Bruker-360 spectrometer,

However, in the case of methyl vinyl ketone, according to the mass-spectral data on the results of ele-
mentary analysis, the resulting Va contains residues of two methyl vinyl ketone molecules, ks IR spectrum
contains an absorption band at 3260 cm", which is characteristic for NH vibrations, and broad absorption bands
of earbonyl groups (1670 and 1710 em™}). With respect to the character of the curve and the position of the ab-
sorption maxima, the UV spectrum of Va (Fig. 1) is similar to the spectrum of 1,3,3-trimethyl-2-iminoindo~
line [4]. The PMR spectrum (in CDCl;) does not contain the signal of a proton attached to the 3-C atom but
does contain a broad signal of an NH group at 10.86 ppm. The chemical shifts and the multiplicity of the sig-
nals of the methylene protons are characteristic for the proposed Va structure. The character of the mass-
spectral fragmentation is also in agreement with this structure.

It is known [5] that oxindole also gives bis (ketoethylation) products at the 3-C atom in the Michael
reaction,

However, these experiments did not give an unambiguous answer to the question of the trend of the
process, since hydrolysis tothe corresponding 2-aminoindole salt, which is known [6] to react with o,f-unsatu-
rated ketones to give a-carbolines (after gutoxidation), could take place initially in the presence of a strong
acid, We therefore set up experiments with 2-tosylaminoindole (Ib), which is more resistant to hydrolysis; in
this case ketones of the III type could be obtained, and Vb, similar to Va, could be obtained in the case of
methyl vinyl ketone, The same substance (Vb) was obtained in the reaction of 1-diethylamino~-3-butanone with
amide 1b in the presence of sodium ethoxide,

+ +
(CH,),COCH, ‘l /(CH,),COCH,
():Nj\(cuz)zcocua ZCHsCH0H (I—j\(c"e)zco‘:":
X P N=C=0 W "NHEOCH,CH;
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208 (21.5) \‘c,,\
X\O/
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240 (137) %56 (3.1) K\I[ﬁjf(wg)ycoc" C,H,CH,OH | ~(CH )zmw
NS o Nl(COCH.,L H,

N N=C—0

228 (6.2
(e 336 (22.7)

In the case of amide Ia, by using substantially milder conditions (in acetic acid without heating) we also
isolated products of the addition of one molecule of benzalacetophenone and benzalacetone; however, Va was
isolated from the reaction of Ia with methyl vinyl ketone under these conditions.
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TABLE 1. Intensities of the Principal Tons (in percent of Jy45)

Com- R* X Fragments

pound Mt | B[ B | B |R/E
ITa CH,4 Ts 36,8 27,7 348 23,7 1.3
Ii1b Cels Ts 14,2 19,0 20,9 11,1 1,1
ic CH, COOCH,CHs 69,5 244 31,7 8,6 1,3
111d CeHs COOCH;CsHs 772 72 55,3 42 038

*R2 =
R = CgH;.

The UV spectra of Mla-d in chloroform contain characteristic absorption bands at 280-285 and 292-296
nm, The IR spectra contain bands at 1690-1720 (C=0) and 3280-3300 and 3340-3380 em™1 (NH); this is in
agreement with the proposed structure., The character of the resonance of the aromatic protons in the PMR
spectra was in agreement with the proposed structure. An unresolved multiplet was observed in the aliphatic
region; however, we obtained the characteristic pattern of an ABX system (Fig. 2) with a Bruker spectrometer
(360 MHz).

The molecular-ion peaks in the mass spectra of ITI have rather high intensities (16-70%). The mass
spectra reflect competition in the inijtial fragmentation of the molecular ion via two pathways: cleavage of the
B bond and detachment of a CH,COR group to give ion peak ¥y, as well as detachment of the protective group to
give ion F,. The probability of the detachment of one or the other group can be determined from the ratio of
the intensities of the ion: K = M—X)*/(M—CH,COR). When R = CzH;, K =1, and when R = CH,, K = 1.3; i.e.,
fragmentation to give F, ions predominates for III (R = CH;). The fact that the subsequent fragmentation of the
resulting ions (Fj) is similar to the fragmentation of arylidene derivatives [8] additionally confirms structures

IMTa~d (Table 1), G

CHCH COR A:ch COR +
__x —CO F 1
.
XN TX=cooCH I AT

ol he
GCK R dub

Fy

The definitive proof of structure III was conversion of Ilc,d to known a-carbolines, This heterocycliza-
tion proceeds well in dimethyl sulfoxide (DMSO), which has good dissolving, oxidizing, and dehydrating abili-
ties. We simplified the latter process, in analogy with the described synthesis of pyrimidines [8], by the use
of molecular sieves; this made it possible to raise the yields of the carbolines. One can carry out the conden-
sation of an unsaturated ketone with amide Ia immediately in DMSO solution containing molecular sieves;
the corresponding carbolines IT are formed in good yields [for example, 2-methyl-4-phenyl-a-carbo-
line (IIa, Rl = CH;s, R = C¢H;) is formed from benzalacetone]. The yield depends on the temperature and the
reaction time. The best result was obtained at 140-145°C after 7-8 h., When methyl vinyl ketone and ethyl-
ideneacetone were used, the synthesis was inefficient because of pronounced resinification. In the case of the
reaction of amide Ia with benzalacetophenone (in DMSO in a stream of dry argon) we were able to isolate inter-
mediate dihydrocarboline VI as a yellow crystalline substance that is quite stable in the solid state, does not
fluoresce in UV light, and is identical to the compound described in {9]. Tosyl derivative b gives a difficult-
to-separate mixture in the case of condensation with unsaturated ketones in DMSO.

Thus the electron-acceptor properties of the arylsulfonyl or carbobenzoxy group markedly decrease the
probability of primary electrophilic attack at the nitrogen atom; this also predetermines the primary attack at
the site of highest electron density — the 3-C atom. Cyclization and aromatization occur under more severe
conditions. Primary attack at the 3-C atom under similar conditions was observed in the reaction of substi-
tuted 2-aminoindoles with other aldehydes or ketones [8, 10]. The ready cyclization of ketones of the III type
with participation-of the amide nitrogen atom and detachment of the protective group has been observed in a
number of analogous cyclizations (for example, see [11]).

In the case of amide Ia the reaction with both g-diketones and with «,3-unsaturated ketones proceeds un~
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TABLE 3. a-Carbolines*

Com- R | vield, %, by method
R! R mp, °C
pound A | B | ¢
Ila CHs CeHs 230—231 2,0 62 67
I1b CeHs Cll; 190-—192 0,5 — —
fle Cslls Cells 229994 14,0 75 70

* The yields from indole Ia are given.

der milder conditions than in the case of tosyl derivative ITh; this is directly associated with the difference in
the electron-acceptor character of the substituent attached to the amino group. The cyclization step also pro-
ceeds more readily in the case of Ia. However, in the case of arylsulfonamido derivative Ib cleavage of the
N-—§ bond apparently occurs only in the aromatization step. This is also indicated by the fact that the princi- .
pal products in the condensation of o-diketones with 2-arenesulfonamidoindoles of the Ib type were alkylidene
(arylidene) derivatives VI.

R

|
@:1 RCOCOR mc—cok
RCOTOR . ‘
L H NZ “NITs
viab

Via R=CH;: b R=CH;

EXPERIMENTAL

The IR spectra of mineral oil suspensions and chloroform solutions of the compounds were recorded with
a UR-10 spectrometer, The UV spectra of chloroform solutions of the compounds were recorded with a Cary-
15 spectrophotometer. The PMR spectra of deuterochloroform solutions of the compounds were recorded with
Varian T-60 and XI.-100 spectrometers with hexamethyldisiloxane as the internal standard. The mass spec-
tra were recorded with an MKh-1303 spectrometer with a system for direct introduction of the samples into
the ion source (at 75 eV and200°C).

a-Carbolines ITa-c. A) A 4-mmole sample of 2-carbobenzoxyaminoindole (Ia) and 5 mmole of freshly
distilled or recrystallized o ,3-unsaturated ketone were refluxed in 2 ml of absolute ethanol and 1 ml of 45%
HBr for 30 min to 7 h, after which the mixture was cooled and treated with a dilute agueous solution of sodium
hydroxide. The solution was extracted with chloroform, and the extract was dried with magnesium sulfate,
The solvent was removed by vacuum evaporation, and the residue was purified preparatively on plates with
activity II (Brockmann scale) aluminum [in a benzene— ethyl acetate system (3:1)] and recrystallized from ben-
zene. The yields and constants of a-carbolines ITa-c are given in Table 3.

B) A mixture of 2 mmole of Ia and 2.2 mmole of freshly recrystallized benzalacetone was dissolved in
25 ml of dry DMSO, 4 g of molecular sieves was added, and the mixture was heated in a stream of argon at
140-145°C for 8 h, The solvent was partially removed by evaporation in a stream of argon, and the residue
was cooled and diluted with water. The resulting precipitate was removed by filtration and washed with water,
It was then dissolved in ether, and the ether solution was dried with magnesium sulfate. The ether was re-
moved by distillation to give 2-methyl-4-phenyl-a-carboline, with mp 230-231°C (mp 230-232°C [1}), in 62%
vield.

C) As in method B, IIIc,d were heated in DMSO, and the mixtures were worked up to give the corres-
ponding a-carbolines. The yields and constants are given in Table 3.

Reaction of 2-Carbobenzoxyaminoindole with Benzalacetophenone. A 0.53-g £ mmole) sample of amine
Ia and 0.46 g 2.2 mmole) of benzalacetophenone were dissolved in 25 ml of dry DMSO, 4 g of molecular sieves
@ A) was added, and the solution was heated in a stream of argon at 140-145°C for 9 h. The solvent was then
partially removed by evaporation in vacuo in a stream of argon, and the residue was cooled and diluted with
water. The resulting precipitate was removed by filtration, washed with water, and dissolved in ether. The
ether solution was dried with magnesium sulfate, and the ether was removed by distillation to give 0.48 g
(75%) of a mixture of 2,4-diphenyl-a-carboline (Ifc) and 2,4-diphenyl-3,4-dihydro-a-carboline (IV). Prepara-
tive separation on plates with aluminum oxide {with a benzene— ethyl acetate system (15:1)] gave 0.40 g of Tlc,
with mp 222-224°C (from benzene), and 0.03 g of yellow crystals of TV (trituration with petroleum ether gave a
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product with mp 189-191°C). The products were identical to genuine samples with respect to their UV and IR
spectra and melting points [9].

3,3-Bis @-oxobutyl)-2-carbobenzoxyiminoindoline (Va). A} A mixture of 0.53 g @ mmole) of amine Ia,
0.42 g (6 mmole) of freshly prepared methyl vinyl ketone, and 20 ml of ethanol containing 1-2 ml of hydrobro-
mic acid was refluxed for 10-15 min, after which the resulting solution was cooled, and the alcohol was par-
tially removed by evaporation, The concentrated solution was diluted with water and neutralized with 5% NaOH
solution, and the precipitate was separated, washed with water, and air dried to give 0.58 g (71%) of Va with mp
169-170°C (from alcohol). UV spectrum (CHCly): Ay 4% 280, 285, and inflection at 294 nm (log € 4.20, 4.19,
and 4.11). IR spectrum (mineral oil): 1710 and 1670 (C=0); 3240-3260 cm™! (NH), Found: C 71.0; H 6.6;
N 6.7%. Cy4HypN;O,. Calculated: C 70.9; H 6.5; N 6.9%.

B) A mixture of 0.53 g @ mmole) of Ia, 0.42 g (6 mmole) of methyl vinyl ketone, and 25 ml of glacial
acetic acid was allowed to stand at 20°C for 24 h, after which the resulting solution was diluted with water, and
sodium bicarbonate was added until a precipitate formed. The precipitate was separated, washed several times
with water, and air dried to give 0.76 g (93%) of Va with mp 169-170°C (from alcohol).

3,3-Bis (@3~oxobutyl)~2-tosyliminoindoline (Vb). A) A mixture of 0.5 g (1.75 mmole) of 2-tosylaminoin-
dole (Ib), 0.35 g (5 mmole) of freshly prepared methyl vinyl ketone, and 6 ml of absolute alcohol containing 1
ml of hydrobromic acid was refluxed for 1 h, after which 2-3 ml of the solvent was removed by distillation,
and the resulting precipitate was separated and washed with 2 ml of absolute alcohol to give 0.65 g (87%) of Vb
with mp 159-161°C (fromalcohol). UV spectrum (CHCl;): A, ,x 278 and shoulder at 294 nm (log € 4.12 and
3.99). IR spectrum (in mineral oil); 1720 (C=O0) and 3290 cm™! (N— H). PMR spectrum (CDCly): 1.86-2.33
(14H, m, aliphatic protons), 2.46 3H, s, CHg), 7.1-8.1 (8H, m, aromatic protons)‘, and 10.53 ppm (1H, s, NH).
Mass spectrum, m/e: 426 [M"", 4%], 356 [M— (CH, = CH,—COCHj), 56%], 313 [356-COCH;, 4%], 201 [356—Ts,
100%], 183 (18%), 159 (18%), 158 @1%), 91 @0%). Found: C 64.5; H 6.2%. Cp3HyN,O,S. Calculated: C 64.8;
H6.1%.

B) A mixture of 0.5 g (1.75 mmole) of Tb, 0.7 g 6 mmole) of 1-diethylamino-3-butanone, 10 ml of abso-
lute alcohol, and 5 m] of sodium ethoxide was stirred at 50-70°C for 3 h, after which 10 ml of water was added,
and the mixture was acidified with 10 ml of 5% hydrochloric acid. The resulting precipitate was removed by
filtration and washed with alcohol to give 0.49 g (65%) of Vb with mp 159-161°C (from alcohol).

3- (1,3-Diphenyl-3-oxopropyl)-2-tosylaminoindole (IlTb). A mixture of 1 g (3.5 mmole) of 2-tosylamino-
indole (Ib), 5 mmole of freshly crystallized benzalacetophenone, 20 ml of absolute alcohol, and 2-3 ml of hydro-
bromic acid was refluxed for 5-6 h, after which it was cooled, and the resulting precipitate was separated and
washed with alcohol to give 1.12 g (66%) of IMIb, the constants of which are presented in Table 2.

Reaction of 2-Tosylaminoindole with Benzalacetone. A mixture of 1 g (3.5 mmole) of 2~-tosylaminoindole
(Ib), 5 mmole of freshly crystallized benzalacetone, 20 m] of absolute alcohol, and 2-3 ml of hydrobromic acid
was refluxed for 5 h, after which it was cooled, 5-7 ml of water was added, and the resulting precipitate was
removed by filtration and washed with 5 ml of alcohol to give 0.77 g (51%) of 3- (1-phenyl-3-oxobutyl)-2-tosyl-
aminoindole (IfIa) with mp 157-159°C (from alcohol), the constants of which are presented in Table 2. The fil-
trate was made alkaline to pH 8-9 with 0.2 N NaOH solution and extracted with chloroform. The extract was
dried with magnesium sulfate, the solvent was removed by vacuum distillation, and the residue was separated
on plates with aluminum oxide [with a benzene— ethyl acetate system (3:1) to give 0.16 g (18%) of 2-methyl-4-
phenyl-a-carboline with mp 230-231°C (from benzene) (mp 230-232°C [1]).

3- (1~ Phenyl-3-oxobutyl)-2-carbobenzoxyaminoindole (IIIc) and 3-(1,3-Diphenyl-3-oxopropyl)-2-carbo-
benzoxyaminoindole (Ild). A mixture of 2 mmole of Ia, 2 mmole of freshly recrystallized benzalacetone (or
benzalacetophenone), and 25 ml of glacial acetic acid was allowed to stand at 20°C for 2 days, after which the
resulting solution was diluted with water and treated with sodium bicarbonate until a precipitate formed. The
precipitate was separated, washed with water, and air dried. The yields and constants of IIlc,d are given in
Table 2.

Reaction of 2-Carbobenzoxyaminoindole with Benzaldehyde. A mixture of 0.53 g @ mmole) of indole Ia,
0.11 g 2.1 mmole) of freshly distilled benzaldehyde, and 20 ml of benzene was refluxed in the presence of a
catalytic amount of acetic acid for 3 h, after which the benzene was removed by vacuum distillation, and the
residue was separated on plates with aluminum oxide [in a benzene—ethyl acetate system (4:1)] to give 0.44 g
(71%) of bis @-carbobenzoxyaminoindolyl)phenylmethane with mp 161-162°C [benzene— heptane (1:1)]. IR spec-
trum (mineral oil): 1710 and 1640 cm™1 (C=0). UV spectrum (CHCl;): Amax 283, and 295 nm (log € 4.40 and
4.39). Found: C 75.8; H 5.2; N 9.1%. CjyHypN;0,. Calculated: C 75.5; H 5.2; N 9.0%.
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3- (@-Acetylethylidene)-2-tosylaminoindolenine (VIa). A mixture of 0.5 g (1.7 mmole) of 2-tosylaminoin—
dole (Ib), 0.2 g 2.1 mmole) of diacetyl, 10 ml of absolute alcohol, and 1-2 mole of hydrobromic acid was re-
fluxed for 2 h, after which 5 ml of alcohol was removed by distillation, and the residual mixture was cooled,
The resulting precipitate was separated and washed with 10 ml of 0.2 N NaOH solution and 50% alcohol to give
0.53 g (56%) of VIa with mp 160-162°C (from alcohol). UV spectrum (CHCl,): A max 259, 165, 313, and 380 nm
(log € 4.42, 4,45, 3.67, and 3.51). IR spectrum (mineral oil): 1710 (C=0) and 3280 cm™! (NH). PMR spectrum
(CF;COOH): 2.06 (3H, s), 2.33 (6H, s), and 7.23-8.1 ppm (8H, m, aromatic protons). Mass spectrum, m/e:
354 (M*, 20%), 339 M—CH;, 5.6%), 311 M~ COCH;, 14%), 199 M—Ts, 37%), 157 (199~-CH,CO, 100%), 156 (199-
COCHg, 38%), 131 (16%). Found: C 64.3; H5.3; N 7.7%. CygHygN,O38. Calculated: C 64.5; H 5.1; N 7.9%.

3- (@x~Benzoylbenzylidene)-2-tosylaminoindolenine (VIb). Similarly, heating 0.5 g (1.7 mmole) of 2-tosyl-
aminoindole b and 0.42 g 2 mmole) of benzil for 5 h gave 0.11 g (13%) of VIb with mp 259-261°C (rom alcohol).
UV spectrum (CHClg): A o5 267, 327, and 395 nm (log € 4.43, 3.79, and 3.55). IR spectrum (mineral oil):

1680 (C=0) and 3280 cm™ (NH). Mass spectrum, m/e: 478 (M*", 4.7%), 373 (M— PhCO, 3.2%), 323 (M~ Ts,
100%), 218 (323-PhCO, 4.1%), 166 (16%), 155 (34%), 105 @9%). Found: C 72.6; H 4.7%. CyyHyN,0;S. Calculated:
C 72.9; H 4.6%.
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